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Learning Factory for Changeability

Dennis Gossmann, and Habil Peter Nyhuis

Abstract—Amongst the consistently fluctuating conditions
prevailing today, changeability represents a strategic key factor for a
manufacturing company to achieve success on the international
markets. In order to cope with turbulences and the increasing level of
incalculability, not only the flexible design of production systems but
in particular the employee as enabler of change provide the focus
here. It is important to enable employees from manufacturing
companies to participate actively in change events and in change
decisions. To this end, the learning factory has been created, which is
intended to serve the development of change-promoting competences
and the sensitization of employees for the necessity of changes.
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|. INTRODUCTION

URBULENT markets caused by globalization, the quest

for competitive advantages and increasing product
customization, are the reason for the uncertain requirements
systems which are set up today. To meet the unknown market
demands over whole production life cycle, flexibility is no
longer sufficient, since it only allows changes within the
production system to a limited degree [1]. The design of a
changeable manufacturing system is needed to master
upcoming requirements without avoiding unnecessary
investments and delays in the daily workflow. As a
consequence, changeability should be specifically adapted to
each particular business situation and should be demanded,
developed, and implemented on all levels of a production
company [2]. During the implementation of changeable
structures, frequent problems are experienced for a number of
reasons which lead to delays or even to failure of a project [3].
In particular the employees play a major role in the smooth
implementation of change measures through their readiness to
implement changes. This is because turbulences not only
affect the products and their design, but also the
manufacturing processes used within the company and, not
least, the people working at the company.

A realization of changeable processes in Production is
simply not possible unless all employees participate. In
particular the readiness to perform and the potential of the
employees in realising changeable concepts within the
company and instrumenting them successfully are required
[4]. The targeted preparation of employees for pending change
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situations is therefore of major importance for the successful
implementation of changeable systems.

Here the role of management personnel, in particular the
shopfloor managers, is of the greatest importance. Their task is
to soothe employee fears about changes and to prepare them
for dealing with the changes in a targeted manner. Yet
management personnel, too, have to adapt to the new
conditions and learn how to cope with change situations. For
this reason, training of these employees is not only beneficial,
but in fact almost essential in order to avoid the failure of
planned change processes.

There are a great number of approaches and methods which
serve the promotion of changeability; yet these are mainly
focussed on technical areas. Humans, with their individual
capabilities and competences, remain largely unconsidered
[5].

However, available solutions for the development of
employee competences have up to now not been orientated
towards changeability in terms of all design fields and the
possible change drivers. For this reason there is a lack of any
suitable methods for the qualification of employees, their
flexible deployment within the company or the motivation of
employees to participate actively in the company change
processes [6]. At this point, approaches must be created in
order to prepare organizations and employees for necessary
changes.

I1. BASIC PRINCIPLES

A. Flexibility and Changeability

As a consequence of the challenges manufacturing
companies are facing nowadays, internal and external
influences have an effect on a company’s requirements on its
production system and its system elements. These effects are
defined as internal and external change drivers. Influences that
affect a company are to be found in the areas of competition,
technology, customer and market requirements, general legal
frameworks, suppliers and staff, etc. In order to tackle these
change drivers, companies need to make their production
systems flexible and changeable. Flexibility helps a company
to adjust its production system to changing influencing factors
to a limited extent, but quickly and with very low financial
input [1]. The flexibility of a given system is described by the
so-called flexibility corridors. There is a flexibility corridor for
each of the possible change dimensions (quantity, quality,
time, product, cost structure) (see Figure 1). Changes may be
absorbed within these corridors to a certain extent. This has to
be determined in advance. However, maintaining or rather
creating flexibility mostly ties up resources and requires
increased investment. ldeally, investments ought to be made
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only if needed since in most cases the extent and direction of
an upcoming change are unknown beforehand. Based on
existing approaches to the definition of changeability [e.g. 7,
8, 9, 10], Nyhuis defines the systemic changeability in the
production system as follows: “Changeability as a system
characteristic describes the potential to be able to carry out
technical, organizational, human and logistical changes
outside the maintained flexibility corridors of a production
system in a short time, with low investments and considering
the interaction of the system elements in case of need. A
changeable production system can be adapted in the various
dimensions of change, such as quantity, quality, time, product
and cost structure [11]. Identifying the right balance between
flexibility and changeability is crucial [12]. If the flexibility
corridor no longer complies with the change drivers in one or
several dimensions, a company may use the existing change
corridor to deal with changed requirements if necessary.

{ Production System L3

| L11 P L13

H TechnolongOrganization Technology gOrganization Technology}-Erganizatioa
T T T T

| Human R. H Logistics Human R. = Logistics ‘ Human R. H Logistic ‘ :

E1.2 costs
quantity, gl, Ey E,
quality, 2
time, ;
product, ty n t time
cost structure I |

CCact FCpot1

L) te1 te2 time

FCpot: Potential flexibility corridor

Identification of need for changeability
Decision about measures for the change
Effect of a measure

FCact: Actual flexibility corridor
CCact:Actual changeability corridor  t;:

E: Activation effort tp:
c: Costs tg:

Fig. 1 Systemic changeability in the production system [11]

A change corridor is described by the existing and the
potential flexibility corridors (see Figure 1). The recognition
of a possible change requirement at a point in timet; will
consequently lead to a decision about the change measures to
be determined (time tp). Both the size of the change corridors
and the input needed to install a potential flexibility corridor
are decisive for the changeability of a production system. This
effort, determined as the activation effort E, is composed of
the costs incurred as a result of shifting the flexibility corridor
and the time that elapses until a new flexibility corridor is
ready for use (time tg). Different flexibility corridors can be
established by selecting the measures. Accordingly, this
results in different activation efforts because both the costs
and the time required for the implementation of certain
measures vary. In summary, the changeability is determined
by the size of the change corridor available and the activation
effort: the larger the change corridor and the lower the
activation effort, the higher the changeability available. Figure

1 focuses on the changeability of a single system element.
Since the maximum changeability of the entire production
system is always determined by the changeability of the
weakest partial link, a systemic approach to changeability is
crucial, in addition to the aspects described. Only the
adjustment of flexibility and changeability in the entire
production system, i.e. also across the various factories and
locations of a company network can design the production
system in a changeable way. This means that all system
elements on all levels, and also their interactions, have to be
considered [13]. In this process, the areas of influence
technology, logistics organization and human resources are
examined for each element. The multi-level control loop of
changeability has been developed in the project in order to
support the goal-oriented design of changeability [11].

B. Control Loop of Changeability

To be able to make use of the available changeability in the
production system, constant searches must be carried out for
possible change drivers within a company and the business
environment. From this it is possible to derive a need for
change, to which the company must react. In this case, the
multi-layer control loop provides a kind of instruction so that a
decision can be made on the measures required.
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-
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flexibility changeability| [E&Elle[E 1
Analysis and
evaluation
yes yes

Identification of
change potentials
]
Target/Actual-

Changedrivers, comparison
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Flexibility™\_no _«Adaption no
potential? otential?,

Fig. 2 Control loop of changeability [11]

Transformation of
requirements

The control loop (see Figure 2) has been developed by the
IFA. The control loop comprises two different fields — the
analysis and evaluation tool and the control path. The function
of the analysis and evaluation tool is initially to identify
possible change drivers, and to define the resulting
requirements on the production system. Depending on the
target/actual deviations and the available change drivers,
various measures will be required for adaptation.
Chronological checks are made as to whether the available
system flexibility or the inherent changeability are sufficient
for dealing with the need for change. If the available change
corridor proves insufficient, investments must be made to
generate new changeability [11].

C.Evaluation of Systemic Changeability

For the evaluation of systemic changeability, a practice-
orientated and holistic method is required which allows the
identification of the overall change requirements of a system
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so that they can be aligned with the existing potentials [17-23].
The following methodology permits an assessment of
changeability resulting from the assessment of the change
corridor and the activation effort required. A six-stage
assessment method makes it possible to make a statement on
whether the flexibility potential of the production system can
be utilised; whether the inherent changeability can be
activated, or whether new changeability has to be designed in
the system.
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change driver
variations

developments in
the production

changeability
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Derivation of the
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Fig. 3 Procedure for changeability evaluation [16]

The aim of the first step in the assessment system is the
identification of the change drivers who will have an effect on
the production system under consideration both now and in the
future. These change drivers serve to derive needs for change
in the relevant dimensions of change in the production system.

The possible future changes produced by the change driver
are analysed in the second step. Here the various change
dimensions (quantity, quality, time, products and cost
structure) as well as time horizons (short, medium and long-
term) are considered.

The determination of potential change bottlenecks is
contained in the third step. All design modules within the
production system are here inspected for compatibility with
future requirements in the relevant dimensions for the change.

In the next step, checks are carried out on which flexibility
and change potentials are indicated by the system under
consideration in the relevant dimensions at the time of the
assessment. In particular potential change bottlenecks, but also
related design modules are subjected to a detailed inspection
in order to detect available change potentials.

In order to meet the future requirements, the fifth step
comprises a company-specific determination of the target
status of the design modules under consideration with
reference to their flexibility and changeability.

In the final step, the current status is aligned with the
derived status (target status) of the production system via the
determined profiles.

In this way, a necessity for action for the realization of a
changeable production system can be derived from possible
differences [16].

I1l. THE HUMAN AS A CHANGE ENABLER

After having described the basic principles of changeability,
the next chapter describes which competences are needed to
enable shopfloor managers to develop a successful change
process. The competences build the basis for didactical models
which serve to enable the human for future change.

A. Competences for Changeability

Competence includes the skills, abilities, and knowledge of
a person that enable him or her to engage in a professional
activity, for instance [25]. Competences may be classified into
competence facets. Typically, professional, methodological,
personal, and social competences are mentioned [26-28].
Professional competence can be summarized as the knowledge
of and the skill in the exercise of practices required for the
successful completion of a job or task. Methodological
competence describes abilities adaptable in a variety of
situations, e.g. to structure problems or to make decisions. The
personal competence describes the ability to assess oneself
and to create conditions to develop oneself at work. Finally,
social competence includes the ability to act in social
interaction communicatively and cooperatively as well as to
develop goals and plans together successfully [29, 30]. In the
available literature, a multitude of competences are mentioned
which enable an employee to make changes [31, 32]. Salazar
has developed competence profiles for the different
hierarchical levels within a company [33].

personal competence social competence

reflectance communication ability
designintent teamwork

responsibility conflictand criticize ability
resilience

methodological competencel§ professional competence

ability to change process optimization
anticipation ability business processes
organizational skills change processes

problem-solving ability economical thinking

Fig. 4 Competences for changeability [33]

In Figure 4 an overview is shown indicating the respective
competences which are of particular relevance to shopfloor
managers. The aim is to develop these competences through
suitable didactic models. The focus should lie on the
development of the professional competence “change
processes".

B. Developing Competences for Changeability

After it has been explained which competences are required
by shopfloor managers to promote changeability, an
evaluation is carried out as to which didactic models are
particularly suitable for their development.

Often support for competence development is equated with
traditional training or qualification measures. This is only
partly true; although these measures are essential elements, a
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complete process cycle is necessary in order to develop and
promote competences. This process begins with the
internalization of the need for improvement and the
development of a corresponding concept. In the following, the
employee passes through the stages of knowledge acquisition
and its application and the development of appropriate skills to
assess the competences acquired. A feedback loop, which
enables reflection on the process of competence development,
completes the cycle. A very successful approach to
competence-based qualification may be learning factories.
These are suitable for dealing with the activation of
changeability, while increasing motivation at the same time
[29]

However, existing learning factories do not yet focus
sufficiently on these requirements. One main issue is that
change drivers are largely ignored. None of the existing
learning factories (e.g. alE — IFF Stuttgart, Germany; CiP —
PTW Darmstadt, Germany; IFA Production Training — IFA
Hannover, Germany; Integrated, Scalable Concept of a
Learning factory, Vienna, Austria) [29, 34] face increasing
product variety, product change or increasing quality
requirements.

IV. APPROACH TO A LEARNING FACTORY FOR
CHANGEABILITY

The previous chapters reveal that learning factories are
suitable for the preparation of employees for change
situations. Accordingly, the IFA in cooperation with Festo
Didactic is developing a new learning factory which aims to
enable the human for changeability. The learning factory is
based on a physical production system for charging units of
cordless electric screwdrivers. The learning factory process is
organized into production phases and evaluation phases,
which are run through in consistent alternation (see Figure 5).

Catalogue of events
Event classes (EC) Dimensions

i | Quantity |

Ec2 — Requires a uar}m
Requires an design of |__Quality |

EC1 Requires an activation of changeability Time

utilization of Product

flexibility Cost structure
Phases of the learning factory
Developement of
changeability
EC2.1
EP 3
§ EC2.0EC3.0]
> EP 2 H
S EC1.0 EC2.G:
PP 1 =P 4 H H Progress of
EC10 i H control loop
Utilization of Activation of Design of
flexibility char y char il

PP: Production Phase EP: Evaluation Phase

Fig. 5 Concept of a learning factory for changeability [14]

Within the production phases, participants have to face
various change events e.g. unpredictable markets or increasing
product customization. The events affecting the system are
categorized in different event classes (EC) in analogy to the
control loop of changeability: Events that allow the
participants to utilize the flexibility of the system (ECL1),
events that exceed the flexibility of the system and require an

activation of changeability (EC2) as well as events that exceed
the system's changeability and require a design of
changeability (EC3). Furthermore, for each event class there
are events that affect the different dimensions of change, such
as quantity, quality, time, product, and cost structure (see
Figure 5). Due to these events, the participants that act as the
employees of the production system have to work out
solutions together in order to master the challenges and to
reach certain production goals.

In the evaluation phases, problems and impressions
obtained from the previous production phase are discussed by
the participants, and possible approaches for improvement of
the prevailing situation are mediated. Step by step, the
participants are thus prepared for coping with change
situations, with the aim of mastering them under their own
responsibility and independently in the manner they think best.
In addition, all phases are supported by a coach providing the
participants with theoretical input [14].

A. Course of the Learning Factory

The playful handling of change events is carried out within
four phases. Each phase consists of a production phase and an
evaluation phase as mentioned previously
(see Figure 5). During the course of the initial round, event
E1l of the event class EC1 occurs, the accomplishment of
which is guaranteed due to the flexibility available in the
system. The participants have to react to the event instantly.
The handling of the spontaneous event is unsystematic and
therefore inefficient. In the subsequent evaluation phase,
improvements are prepared based on problems arising in the
first round. These allow the participants to handle events in
event class EC1 more successfully. In production phase two,
another event of class one (EC1.0), similar to the first one,
appears. This allows the participants to adapt the operational
improvement developed in the last evaluation phase and to
handle the event more efficiently. Within the same production
phase, a further event (EC2.0) occurs. The requirements
generated by this event exceed the possibilities of the inherent
system flexibility, and the use of changeability is required.

In the following evaluation phase, as a consequence, the
participants question if the operational improvement is
sufficient in order to handle future changes. As a consequence,
the participants learn to implement a continuous change
process as described in the following chapter. Selected change
events that can be foreseen or derived from known change
patterns and that do not exceed the system's changeability
corridor can be handled in production phase three. In this
production phase, two events tackle the system: One that
allows the participants to activate the system's changeability
(EC2.0) by using action guidelines, and another that goes
beyond the system's changeability (EC3.0) and may even
force production to come to a halt. Consequently, based on
future change drivers, the participants have to design
changeability in the following evaluation phase. Furthermore,
they harmonize all different solution elements amongst each
other for the areas of influence technology, logistics,
organization, and human resources. Finally, the participants
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are able to handle a series of change events within production
phase four using a new and expanded changeability corridor
(EC2.1). Large figures and tables may span both columns
[14].

B.Development of the Professional Competence
Changeability Using the Continuous Change Process

Chapter one introduced a general methodology for the
evaluation of changeability. This methodology builds the basis
for the professional competence “change processes”.
Nevertheless it has been adapted for the learning factory in
order to make it more suitable for the learning factory’s target
group. Furthermore it has been extended by the design of
changeability. Figure 6 shows the steps of the entire so-called
continuous change process. These steps are divided into
processes for the upper management and processes for the
shop floor management. This division has been conducted
since the shop floor management usually does not posses
enough data for conducting all steps.

Implementation
of
action plans

Performance .
o Production system

Identification
of change
scenarios and
affected areas

Identification
of flexibility
and
changeability

Identification Creation
of of
bottelnecks action plans

= Upper management [ |= Shopfloor management

Fig. 6 Continuous change process

First of all, the upper management has to identify possible
change scenarios and identify the affected production areas. In
the course of the learning factory this information is given by
the game leader, who acts as the upper management, to the
participants. This information contains the dimension of
changes as its value. In the next step the participants have to
identify flexibility and changeability corridors. Therefore they
have to elaborate the corridor figure for the appropriate
production system, as can be seen in figure 7.

scenario 1

scenario 2 scenario 3
customer cycle
(sec/piece)
30sec —|
g
45sec — \_—
| FCact |y | CCaxt
, FCpotz
90sec —
T T T T T T LI
10 min 20 min 30 min time
FCact: Actual flexibility corridor
FCpot: Potential flexibility corridor
CCact: Actual changeability corridor

Fig. 7 Corridor figure

Based on the evaluation of the production system, the
participants may identify change bottlenecks and elaborate
action plans. The creation of action plans includes the
identification of solutions for all areas of a production system,
as can be seen in figure 8.

scenariol X scenario 2 \< scenario 3

« Creation of additional workplaces
« Adjustment of the tools

Technology

« Adaption of the payment- and bonusmodel

Organisation - Consultation with neighboring areas

« Increase of the safety stock

Logistics « Adjustment of the order quantities
« Employee training
Personal

« Changeover to 3-shift work system

Fig. 8 Changeability action guideline

In the next step, a project plan has to be developed (see
figure 9) based on the action guidelines for the appropriate
scenario. The action guidelines as well as the project plans
may be discussed in close cooperation with the upper
management in order to warrant their feasibility and cost
effectiveness.

scenario 1

scenario 2 scenario 3
No] Process-  [Time [Cw 31 [ow 32 [cwss [cw 34
e e W R TP A M PITET
1 | Kick off 1
2 |Phase 1 9
3 | Activity 1 2
4| Activity2 | 4
5 | Activity 3| 3
6 |Phase 2 8
7 | Activity4 | 8
8 | Activity5 | 3
9 [Phase3 | 3
10| Activity6 | 3
11| Completion| 1

Fig. 9 Changeability project plan

As soon as the management has been notified that an
appropriate change event will occur, they may trigger the
shopfloor management to implement the according project
plan.

V. EVALUATION

The learning factory has been tested with industrial partners
involved in the WaProTek project at the Institute of
Production Systems and Logistics. The physical learning
factory can be seen in figure 10.
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Fig. 10 Learning factory for changeability

A survey conducted subsequently revealed that the
following competences have been developed within the
learning factory.

TABLE
DeVELOPED COMPETENCES

Evaluation of not LEW1Y% clearly highly
competences observable  observable  observable  observable

methodological competence
ability to change X
anticipation ability X
organizational skills X
problem-solving ability X

personal competence
reflectance X
design intent X
willingness to assume responsibility X
resilience X
professional competence
process optimization X
business processes X
change processes X
economical thinking X
social competence

communication ability X
teamwork X
conflict and criticize ability X

The results show that the learning factory helped to develop
most of the claimed competences and thus may be one
important component for companies to enable their employees
for future change.

VI. CONCLUSION

Nowadays manufacturing companies have to cope with
increasing turbulence in the markets. Individualization of
customer demands, the decreasing predictability of sales
volumes and any other factors mean that a high level of
changeability is becoming a strategic key factor. The
participation of the employees in change processes is highly
relevant for a successful change. To confront change situations
employees should be adequately prepared. Therefore
changeability-beneficial competences and methods for
handling change situations have to be promoted. One way of
preparing employees for change is represented by a learning
factory. The requirements for the development of a learning
factory, which aims to prepare employees for change projects
in their companies, are developed and presented in this paper.

This learning factory focuses on the development of different
events that generate a demand for change and require its
hands-on completion for a production system in the various
areas of influence: technology, logistics, organization and
human resources. The participants learn to interact in change
situations and to implement a continuous change process. In
addition to the learned methods and procedures especially the
changeability-beneficial competences are helpful at this point.
Therefore these essential skills for dealing with change
situations are approached and supported particularly as part of
the learning factory as the evaluation of the competencies (see
Table 1) clearly shows. Finally, the preparation of employees
for change by means of a learning factory makes them
understand the necessity of change processes, and for this
reason is one important component for production companies
to master the challenges of the future.
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