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1. Introduction

In order to withstand the pressure of today’s competition and 
external conditions, manufacturing companies must be able to 
constantly change and adapt [1, 2]. This encompasses various 
areas across the company while addressing different business 
objectives [3]. This research paper explicitly focuses on the 
needed scaling of the generated production output and 
implementing product changes. The aim is to design the factory 
environment in such a way that the production output quantity
can be variably adapted or increased. However, this flexibility 
and adaptability must be transferred to all levels throughout the 
company [4]. As a result, when designing a scalable and 
flexible factory, IT systems within production must provide the 
same scalability [5]. In fact, scalable IT systems are the main 
enablers for the application and implementation of different 
conversion mechanisms in production [6]. However, presently

the majority of IT systems within the production are extremely 
static and inflexible [7]. In addition, the very long software life 
cycle plays a decisive counteracting role in the generation of 
short-cycle adapting potentials [8]. This paper identifies the 
factory as the manufacturing unit of a company in which the 
Manufacturing Execution System (MES) represents the central 
core application system at shop floor level [9]. Thus, this paper 
explicitly focuses on MES.

Therefore, the objective of this article is to develop a guiding 
model that identifies the necessity for change within a MES that 
arises by applying different conversion mechanisms across 
production. The overarching aim is to derive the resulting 
activities and implications for a MES, thereby creating a 
scalable system. This paper begins by addressing the state of 
the art, which aims to lay the foundation of different scaling 
mechanisms as well as the framework of production IT,
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explicitly of MES. Next, the applied method is presented to
address the overall target. The core value of this paper is the 
creation of the impact model of the relationships between MES 
and scaling mechanisms and the description of its effects and 
implications.

2. Fundamentals

In order to understand the complex relationship between the 
conversion of the production and the implication on the MES, 
this section presents the fundamentals. First, different 
conversion mechanisms are described which are followed by a 
characterization of current MES using a compiled framework.

2.1. Scalable Production

The scalability of factories requires an integrative approach 
in which various mechanisms work together to ensure 
flexibility and adaptability. The pertinent literature presents a 
range of mechanisms that can be implemented individually or 
in conjunction with one another. Together they form the basis 
for factories to become scalable and adapt to new 
circumstances. The relevant mechanisms for this paper are 
primarily based on the works of Eilers, Eversheim, Kampker et 
al., Nyhuis et al., Putnik et al., Stähr and Weyand [10–16]. 
Collectively, twelve different conversion mechanisms are 
described in these papers which are presented in Fig. 1.

They can be categorized either according to increasing the 
output of a production system or to adapting the production 
system to product changes. They are supplemented by a third 
comprehensive category.

The mechanisms within the initial category, the scaling 
mechanisms, are primarily used when the process scope 
remains unchanged. In addition, the products or variants do not 
change, which is why the nature of the executing processes 
remains the same. The mechanisms addressing the increasing 
output quantity can be subdivided into three subgroups of 
mechanisms. The first subgroup represents the intrastationary 
mechanisms which include the two mechanisms to either 
automate or allocate a process. The interstationary mechanisms 
are subdivided into three elements, ranging from duplicating a 
bottleneck or duplicating a production line to relocating a 
particular process. The mechanisms of increasing the number 
of personnel as well as increasing the utilization time belong to 
the subgroup of organizational scalability. 

The second group of conversion mechanisms for adapting to 
product changes differ in that process scopes are added, 
exchanged, or eliminated in the course of product 
modifications or new product launches. Therefore, these 
mechanisms change the scope of the processes.

The remaining conversion mechanisms are of a 
comprehensive nature and depend on the specific application. 
They are divided into two mechanisms of replacing either a 
transport module or a feed module.

2.2. Manufacturing Execution Systems

The framework of modern application systems within 
production has already been examined in various studies [17]. 
However, the studies of various research groups opine that, 
contrary to older monolithic architecture, the system 
architectures of modern information systems tend to follow an 
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n-tier structure. Therein each tier reflects a different dimension
of the system. Regarding the system architecture of MES, this 
paper relies on a four-tier model [18, 19].

At the highest level, the presentation level (human machine 
interface), production employees interact with the MES.
This is done with the help of various end devices, which are 
used to both input and output information. They primarily 
enable feedback on the start or end of the processes and the 
provision of order information. The application and function 
level comprises the central MES functions. In addition, the 
users and roles are located at this level, which assign different 
access rights to the employees. The underlying level, the data 
and integration level, is divided into three blocks. The first 
block focuses on the integration of operational connection 
systems, with the ERP system acting as the main data supplier. 
The second block comprises the MES databases, which contain 
various production information. The third block describes the 
interfaces to the operating resources (assets), whereby various 
data is exchanged, sometimes bidirectionally. The 
infrastructure level is the lowest level, which provides the basic 
MES hardware. This level is divided into data acquisition, data 
processing and data transmission [19]. These different devices 
work together and use various technologies to collect and 
transfer data via interfaces to the MES, where it is processed 
either locally or in the cloud. The complete framework is 
shown in Fig. 2.

3. Applied Method

The objective of this research paper is to determine the 
interdependencies and impact relationships between the design 
elements described in chapter 2 and develop answers to the 
guiding question:

What interdependencies can be identified between the 
conversion mechanisms for scaling the output quantity or for 
adapting the production system to product changes and the 
design elements of MES?

Based on this key guiding question, expert interviews are 
conducted with various experts in this field. With the aim of 
constructing a guiding model pinpointing the implied need for 
change within an MES, individual structured interviews are 
conducted with ten different participants. Therefore, the 
interviews are intended to combine the previously described 
description models to set them in effective relation and derive 
the total impact model of change requirements for MES. 

The interview partners are classified according to their 
profession and length of affiliation. A distinction is made 
between the three organization types: MES user, provider, and 
consultant. These perspectives offer complementary views on 
MES adaptation. Users provide insights into operational 
challenges and requirements, providers contribute technical 
expertise and system capabilities, while consultants offer 
strategic viewpoints based on industry experience. The 
respective length of affiliation ranges from less than 2 to more 
than 10 years, with the majority of interviewees having 
multiple of the aforementioned perspectives.

The interviews are carried out using the theory-based 
methodology of guideline-based expert interviews according to 
Helfferich [20]. Therefore, the conduct of guided interviews is 
based on a guideline in which the course of the interview is 
defined in advance. This determines the extent to which open 
and firmly formulated questions and narrative prompts as well 
as non-verbal stimuli are used. Accordingly, each interview 
follows the pattern of introductory open questions and narrative 
prompts. This is followed by follow-up questions on those 
aspects that have not been sufficiently addressed in terms of 
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research interest. The interview is concluded with firmly 
formulated questions.

The individual interviews are transcribed using the basic 
transcription system without extensions according to Dresing 
and Pehl [21]. For the subsequent content evaluation and 
analysis, the method of the qualitative content analysis is used 
according to Mayring and Fenzl [22, 23]. The content analysis 
is methodically supported by the web application QCAMap.
For this paper a combination of two techniques is being used to 
define the category system. According to the deductive 
application the MES model forms the superordinate framework 
for categorizing the interview content, which is inductively 
expanded through the formation of subcategories. The model 
of conversion mechanisms provides the independent variables 
while the description model of the MES generates the 
dependent variables.

The interview analysis reveals the necessary adjustments 
within the MES. Following this, a compilation of these 
requirements was organized into a comprehensive list for each 
level of the MES framework. This long list serves as the 
foundation for subsequent communal recognition, as it offers 
an overview of the implied adaptation needs across specific 
MES areas. The list forms the basis for the clustering process. 
The clusters were created based on the degree of similarity, 
with each cluster representing a distinct set of requirements.
Six distinct clusters were identified, which provide a structured 
framework for organizing and addressing the various 
adaptation needs systematically. Furthermore, operators were 
identified for each cluster to verify membership and delineation 
within the cluster.

The general approach of this paper is illustrated in Fig. 3.

4. Results

An evaluation of the expert interviews using the described 
methodology above revealed various needs for change. To 
further compromise the results, the different needs for change 
were clustered. These change requirements are caused by the 
various conversion mechanism being used. The resulting six 
clusters therefore include all potentially occurring change 
requirements that arise on the system side. Table 1 provides an 
overview of the clustered change requirements for each of the 
twelve change mechanisms. They occur on the four description 
levels of the MES architecture. The content of the six 
individual clusters is described below and supported by 
specific examples. Due to their high degree of similarity and 
equivalent effects on the MES design elements, the 
reconfiguration mechanisms for the adaptation to product 
changes (M8-10) are consolidated in Table 1.

The cluster "Hardware Adjustment" refers to those needs for 
change that involve the customization of any hardware devices. 
This includes both the replacement of existing devices and the 
procurement of new devices as well as the installation and 
provision of the infrastructure for corresponding technologies. 
This comprises all hardware devices for data acquisition (e.g. 
sensors), data processing (e.g. servers) and data transmission 
(e.g. routers) as well as various input and output devices (e.g. 
tablets or terminals).

The change requirements for the "Configuration of Existing 
and New Software Modules" can be summarized in the second 
cluster. This includes the configuration of existing application 
systems and individual software modules as well as previously 
unimplemented software modules. Configuration involves 
removing and adding functionalities and modules as well as 
customizing content. Thus, individual MES modules in 
accordance with VDI 5600 [24] are added or configured in full 
or in part to the functional scope (compare Table 1). For 
example, the content of material management is customized by 
changing the recording of batches. Another typical change 
requirement is the integration of an additional system feedback 
point to further collect and process information. Adjustments 
can also be made outside the MES, for example by changing 
work schedules or master data in the ERP system or adapting 
flow and process sequences. Furthermore, modules or 
functionalities can be focused more strongly. During 
configuration, the interaction of several systems or modules is 
consistently taken into account and may require interface 
adjustments (see other clusters).

The third cluster includes the "Adapting of the Provision of 
Cross-divisional Information". This cluster includes those 
needs for change that describe the increased need for basic and 
more complex information. Behind this increased need are data 
and information relating to quality data, machine data, process 
parameters, etc. In addition, the need for change includes the 
adequate transfer and provision of this data and information, 
especially at a cross-divisional level. This cluster also includes 
the potential need for coordination between the system and the 
user.

Fig. 3. Summarized Approach
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The "Setup and Customization of Interfaces between 
Software Modules" cluster comprises the change requirements 
that relate exclusively to the customization of interfaces 
between software or software modules. This includes both 
setting up new interfaces and changing existing connections. 
These can take the form of unidirectional and bidirectional 
interfaces. The interfaces in this cluster can be both inter- and 
intra-modular in nature. This means that they are able to 
connect two independent application systems with each other 
as well as different modules within a software. The purpose of 
these adaptations is to create a possibility for the adequate 
transfer and provision of information. Furthermore,
middleware can be interposed when creating interfaces
between two systems in order to limit the data traffic to the 
MES to what is relevant.

The "Setup and Customization of Interfaces between 
Software Modules and Machines" cluster summarizes the 
needs for change that deal with interfaces between application 
software and machines. Analogue to the previous cluster, both 
unidirectional and bidirectional interfaces come into question.
These serve the purpose of connecting machines and other 
production equipment to the system and enabling manual and 
automated data transfers. 

The last cluster represents the requirements of "Customizing 
System Roles and User Concepts". This cluster contains the 
actions relating to the configuration of user settings in the 
system. This includes adding and reducing system users and 
customizing the roles and rights of these users. This also 
includes changing access rights and login concepts, for 

example to enable users to log in simultaneously for multiple 
orders.

5. Conclusion

Achieving and maintaining adaptability in manufacturing 
affects the whole company while this paper focuses on the 
change requirements that arise in the core IT system at 
shopfloor level, the Manufacturing Execution System. The 
paper successfully answers its guiding question by providing a 
structured overview of the essential needs for change in the 
MES that emerge by applying various conversion mechanisms 
in production. By developing an impact model, it enables 
organizations to assess the effects of production changes on the 
design elements on different levels of the MES framework. 
Therefore, the paper offers insights into the complex 
relationship between MES and change mechanisms and 
empowers organizations to understand and prepare the 
resulting adaption requirements. This model outlines the 
effects of scaling the production and thus serves as a foundation 
for future research on designing future-proof MES.
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