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Abstract Increasing complexity in manufacturing com-
panies has been one of the biggest issues during the last
years. Companies in high-technology marketplaces are
confronted with technology innovation, dynamic environ-
mental conditions, changing customer requirements, glob-
alization of markets and competitions as well as market
uncertainty. Manufacturing companies can’t escape these
trends, which induce an increasing amount of complexity.
Reasons for this phenomenon are internal and external
sources of complexity so-called complexity drivers. Iden-
tifying, analyzing and understanding complexity drivers
are the first step for complexity management’s develop-
ment and implementation. Complexity management is a
strategic issue for companies to be competitive. The pur-
pose of this literature review is to provide a general over-
view regarding complexity drivers in manufacturing
companies. The different definitions of complexity drivers
are described, and a new overall definition of complexity
drivers is presented. Furthermore, the existing approaches
for complexity driver’s identification, operationalization
and visualization are identified and specified. For com-
plexity driver’s clustering, a superior classification system
was developed based upon existing classification systems
in the literature. The literature review was done by sys-
tematically analyzing and collecting existing literature and
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reveals gaps according to methodology and issue. Existing
literature reviews are only focused on specific issues, such
as logistics or supply chain management, and do not point
out the applied research methodology in detail. A general
overview regarding complexity drivers in manufacturing
companies and along the value chain does not exist yet.

Keywords Complexity - Complexity management -
Complexity drivers - Literature review

1 Introduction

Technology innovation, dynamic environmental condi-
tions, changing customer requirements, market’s global-
ization and market uncertainty are trends that
manufacturing companies cannot escape and that often lead
to an increase in complexity [86, 177, 198]. Within the last
decades, complexity has increased continuously in many
industries [242]. This is one of the biggest challenges that
manufacturing companies have to face today [71]. The
reasons are internal and external sources of complexity so-
called complexity drivers.

The origin of the term complexity comes from the Latin
word “complexus”, which means “extensive, interrelated,
confusing, entwined or twisted together”
[71, 88, 103, 199]. This is similar to the Oxford Dic-
tionaries [182] definition of “complex”: Something is
complex if it is “consisting of many different and con-
nected parts” and it is “not easy to analyze or under-
stand” . Complexity is directly connected with a system and
his terminology [117, 203, 269]. In the literature, com-
plexity is defined as part of system’s property [154]. Gell-
Mann [85] and Luhmann [163] argue that the definition of
complexity always needs a description of system’s level of
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detail. The approaches of the system theory provide an
opportunity to divide a system in several subsystems and
support the determination of system’s level of detail [260].
The system theory can be attributed to the natural science,
whereby control und adjustment operations are considered
in a system’s context [15]. For the term system, several
definitions are existing in the literature. Gopfert [93]
defines a system as an unit, consisting of several parts.
Ulrich [269] and Patzak [195] extend this definition and
describe a system as an entity of elements, which are
related to each other or concrete relation can be made
through the elements. Ulrich [269] argues that the elements
and their relations are significant for system’s complexity,
and in dynamic systems the system can suppose a high
amount of different conditions. Thus, complexity would be
described by an amount of variable or elements [103].

In principle, a system is ever surrounded by an envi-
ronment and can be isolated by the system boundary [260].
However, the system and its complexity are influenced by
the environment [269].

Complexity and systems are consisting of the interaction
between elements and relations [15, 163]. Thereby, the
elements are representing the tangible parts of a system,
whereas the connection between the elements is described
by relations [260]. Consequently, a system’s complexity
depends on the amount of existing parts or components, the
connections between them and the diversity of these rela-
tions and elements [71, 163]. In this context, Patzak [195]
and Meyer [174] describe elements’ diversity as variety
and relations’ diversity as connectivity. Bronner [36]
extends this definition by consideration of system’s dy-
namic and comprises the variation of system’s behavior
over time.

Complexity has been discussed in several fields of
research such as physics, biology, chemistry, mathematics,
computer science, economics, engineering and manage-
ment as well as philosophy [30, 120]. Thus, in scientific
literature, there are many different definitions for the term
“complexity” because the meaning is vague and ambigu-
ous. There is no explicit, universal and widely accepted
definition [39, 71, 215]. As a result, the term “complexity”
is often used synonymously with the term “complicated”
[88]. Meijer [172] argues that “complexity is in the eye of
the beholder*. Complexity is driven by the sensation or
perspective of an individual. What is complex to someone
might not be complex to another [103, 158].

There are two types of complexity: good and bad. The
good type of complexity is necessary. It helps a company
to gain market share and is value adding. On the other side,
bad complexity brings little value, reduces revenue and
causes excessive costs [71, 120]. Colwell [55] defines
thirty-two types of complexity in twelve different areas and
disciplines such as structural, functional, technical,
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computational and operational complexity. Gotzfried [94]
describes seventeen definitions of complexity in four dif-
ferent research fields such as systems theory, organiza-
tional theory, product design and operations management.
In the literature, increasing complexity is often related to
increasing costs [174]. Managing a system’s complexity
requires an optimum fit between internal and external
complexity [240, 272]. The complexity management
comprises the application of the mentioned complexity
consideration with the aim of a target-oriented complexity
design [174]. Schuh [240] argues further that the com-
plexity management comprises four tasks: designing the
necessary variety, handling variety-increasing factors,
reducing variety and controlling complex systems [272].

Generally, complexity is caused by internal and external
factors [174]. Meyer [174] defines these factors as com-
plexity drivers. According to the Business Dictionary [47],
a driver causes a condition or decision or has an effect on
elements or a system. Complexity drivers lead to an
increased level of complexity in comparison with an initial
situation [174]. Furthermore, complexity drivers can cause
turbulences and new functional models in a system [150].

For complexity’s operationalization, Schuh [240] argues
that it can only be realized by several complexity factors,
which interact with each other.

Identifying, analyzing and understanding complexity
drivers as main elements related to complexity are the first
step to develop and implement a clear strategy to handle
complexity [177, 255]. Without an idea of complexity
drivers, it would be difficult to develop an effective com-
plexity strategy [255]. Heydari and Dalili [116] argue that a
research in complexity management needs to know what
the key drivers of complexity in a system are. The man-
agement of complexity is a strategic issue for companies to
be competitive [44, 177, 240]. In the study “Managing
Complexity in Automotive Engineering”. Erkayhan [72]
concludes that the complexity drivers are the main
adjusting levers for improvements of the company’s suc-
cess. Thus, complexity drivers play a significant role for
complexity management, because they describe a system’s
complexity and help to evaluate and handle it.

Previous literature studies about complexity drivers
have been done by Meyer [174], Serdarasan [255, 256] and
Wildemann and Voigt [289] and comprise a time period of
20 years (1991-2011). They cover complexity drivers on
specific issues such as logistics, supply chains and general
in manufacturing companies. In total, 99 literature sources
such as articles, books and PhD theses in the research
period between 1991 and 2011 form their research. Fur-
thermore, 281 complexity drivers are identified in total.
Although these literature studies cover a lot of literature
sources and complexity drivers in the referred fields, a
systematic, explicit and reproducible method for



Logist. Res. (2016) 9:25

Page 3 of 66 25

identification, evaluation and synthesizing the existing lit-
erature about complexity drivers is not described [78]. For
example, the authors in the previous literature studies have
not described specific research questions, databases, search
terms and synthesizing methods. In addition, not all authors
provide a comparison between their findings and the find-
ings of other literature sources. However, these are essen-
tial to determine the current state of knowledge about a
particular research issue in a literature review. So they do
not fulfill the requirements of a literature review in general.

This paper’s purpose is a literature review of complexity
drivers in manufacturing companies and along the value
chain, including the fields product development, procure-
ment/purchasing, logistics, production, order processing/
distribution/sale, internal supply chain and remanufactur-
ing, which fulfills the mentioned requirements.

The contribution of this review is to develop additional
knowledge for science and practice by describing what is
currently known on the issue of complexity drivers. From
scientific perspective, this literature review presents a
current state of the art about complexity drivers and gives
the researcher a first insight and general understanding
about complexity drivers, before starting a research project
in this field. It closes a currently existing gap in scientific
literature. The literature review can be used for a disser-
tation or research proposal to give an overview about the
issue of complexity drivers and is helpful for researchers,
who have no prior knowledge in this field. Further, it helps
the researcher to avoid time-wasting and research effort by
“reinventing the wheel”. Within this research, the gaps for
future research are pointed out. Based on this review,
researchers can build new ideas and theories for their own
research. The research methodology, including research
questions, databases and synthesizing methods, is descri-
bed in detail to increase transparency. This enables the
researcher to reproduce the findings. The literature review
provides a comprehensive survey of significant literature
(e.g., academic journal articles, books, essays, PhD theses,
conference proceedings) and their results, based on ana-
lyzing, synthesizing and summarizing the existing litera-
ture. Furthermore, the different literature sources and the
trends of complexity drivers in the literature and in the
different fields (general in manufacturing companies and/or
along the value chain) over the last 25 years are described.
The trends show the researcher how essential the topic
complexity drivers is in the literature and that it is thus
interesting for future research. However, interesting topics
for academic people do not have to be important for
practice. To avoid this trade-off, we also include the
practical perspective in our point of view. In addition,
different definitions of complexity drivers are analyzed and
described. A new overall definition of complexity drivers is

presented. Furthermore, the existing approaches for com-
plexity driver’s identification, operationalization and visu-
alization are identified and specified according to their
focus. The identified complexity drivers were clustered in
aggregated complexity driver’s main categories according
to their characteristics to provide a general classification
system without overlaps. From practical perspective, this
literature review gives the practitioner a first insight and
understanding about the phenomena of complexity drivers
and their importance. In several empirical studies, for
example from Wildemann and Voigt [289], GieBmann [88]
and GieBmann and Lasch [89], the issue complexity in
companies and its drivers were analyzed. The result was
that companies are aware of complexity and some of its
causes but often do not know how to handle it, because of a
lack of specific methods or tools for complexity driver’s
identification, operationalization or visualization. This
study answers the following manager’s questions “What
are complexity drivers?” “Why they are so important for
me?” and “How can I identify, operationalize and visualize
complexity drivers?” by providing an overall definition
about complexity drivers and an overview about the
existing approaches for complexity driver’s identification,
operationalization and visualization. Beyond, the practi-
tioner gets an overall selection of different approaches and
their focuses and can choose the right one for solving his
task or problem. Furthermore, a list of theoretical existing
complexity drivers, which were found in the literature, are
described, so the management has a general overview
about complexity drivers and can compare these findings
with their own complexity drivers to identify communali-
ties and differences as well as get a first indication. This
review collects existing approaches for complexity driver’s
identification, operationalization and visualization based on
the literature. Therefore, it can be used as a basis to gain
first implications about complexity drivers, their identifi-
cation, operationalization and visualization. Further
research will be needed to create helpful advice for prac-
titioners to detect complexity issues as well as to present
methodological support to detect causes of complexity and
their effects.

This literature review is structured as follows: In Sect. 2,
the paper gives an overview about the research method.
Some definitions of literature reviews are disclosed, and a
framework for constructing a literature review is specified.
Section 3 presents the literature review about complexity
drivers with an overview about different definitions and
approaches for identification, operationalization and visu-
alization. The most discussed complexity drivers in man-
ufacturing companies and along the value chain are
described. Section 4 concludes the paper and closes the
research gap with implication for future research.

@ Springer
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2 Research method
2.1 Research methodology and boundary definition

The aim of this study is a systematic, explicit and repro-
ducible literature review about complexity drivers in man-
ufacturing companies and along the value chain, which
provides definitions of complexity drivers, and existing
approaches for complexity driver’s identification, opera-
tionalization and visualization. The existing literature was
identified, evaluated and synthesized by using qualitative
data analysis to point out the existing literature sources and
their focuses as well as the trends and issues. The literature
results are compared with each other. To provide a com-
prehensive literature review, we used the methodology of
Fink [78] and structured our article according to him. Lit-
erature reviews have been used for many years in scientific
research and scholar findings. They are a long-standing
tradition, but the definitions are tight [43]. Fink [78] defines
a literature review as a “systematic, explicit and repro-
ducible method for identifying, evaluating, and synthesizing
the existing body of completed and recorded work produced
by researchers, scholars, and practitioners”. Brewerton and
Millward [34] describe a literature review as a content
analysis that uses qualitative and quantitative techniques to
find structural and content criteria. According to Meredith
[173], a literature review is a “summary of the existing lit-
erature by finding research focus, trends, and issues*.
Within this paper, we follow the definitions of Fink [78],
Brewerton and Millward [34] and Meredith [173].

Fink [78] divides a literature review into seven tasks.
The first step is selecting the research questions. Research
questions are precisely stated questions, which guide the
literature review. The next step is to select the required
sources such as bibliographic or article databases, Web
sites and other sources to determine relevant literature.
Before starting the literature review, the researcher has to
define the search terms. To review the databases and search
terms, the researcher should ask experts or other
researchers. The next steps are applying practical and
methodological screening criteria to identify and select the
relevant literature from the entity of found literature. To
reject irrelevant articles, the researcher has to screen the
literature by setting practical and methodological criteria.

According to Fink [78], the first step is to define the
research questions. The benefit of research questions is that
they already contain the words the reviewer needs to search
for online to find relevant literature. These words or search
terms are called key words, descriptors or identifiers [76].

For this literature review, we determined the following
research questions including the relevant key word “com-
plexity driver”:
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Fig. 1 Paraphrases of the term complexity driver and their
intersection

RQ1: What are the different definitions of complexity
drivers that currently exist in manufacturing companies
and along the value chain?

RQ2: What methods are applied in the literature for
complexity driver’s identification, operationalization and
visualization?

RQ3: What complexity drivers occur in manufacturing
companies and along the value chain?

Before conducting a literature research, it is necessary to
define the right search terms and databases. The search
terms are based on the words that frame the research
questions. In the literature, several paraphrases for com-
plexity driver exist. These paraphrases are usually a com-
bination of the terms factor, indicator, source, parameter,
variable, symptom, phenomenon, dimension, force and
property and the term complexity driver (see Sect. 3.2).
When comparing the meaning of these different word
combinations, it can be seen that the lowest common
denominator is complexity driver (see Fig. 1). Thus, we
limited our literature research to the search term com-
plexity driver.

A researcher must use a “particular grammar and
logic” to conduct a search that will acquire the appropriate
publications [78]. One possibility is to combine the key
words and other terms with Boolean operators such as
AND, OR and NOT. Further, the operator NEAR can be
used to identify the literature where the keywords have a
close connection to each other. The application of Boolean
operators depends on the specific database. To extend the
amount of relevant literature, it is also necessary to search
in different languages. In our research, we search in Eng-
lish- and German-language literature. This has two reasons:
First, English is the global language and applied in the
scientific world to provide research findings worldwide.
Second, during our literature research we started with
English-language sources and found some literature sour-
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Table 1 General framework of literature collection

Focus Database Search terms Date Results
u General in manufacturing EBSCOhost ('Komplexititstreiber' OR (Treiber N3 Komplexitit)) AND ... April &
companies (‘complexity driver*' OR (driver* N3 complexity)) AND ... May ‘16 401
m Product Development Emerald ("Komplexititstreiber" OR "Treiber d* Komplexitit") AND ... April & m
("complexity driver" OR "driver of complexity") AND ... May ‘16
m Procurement / Purchasing GENIOS / ("Komplexititstreiber" OR (Treiber ndj3 Komplexitit)) AND ... April &
WISO ("complexity driver*" OR (driver* ndj3 complexity)) AND ... May ‘16 1001

m Logistics

Google Scholar ("Komplexititstreiber" OR "Treiber d* Komplexitit") AND ...
("complexity driver*" OR "driver* of complexity") AND ...

May ‘16 3234

m Production IEEE Xplore  ("Komplexititstreiber" OR (Treiber NEAR/3 Komplexitiit)) AND ... .
(complexity NEAR/3 driver) AND ... May '16 2203
] Of’de?‘ Pr(ocessing/ JSTOR ("Komplexititstreiber" OR ("Treiber Komplexitit"~5)) AND ... May & 146
Distribution / Sale ("complexity driver" OR ("driver complexity"~5)) AND ... June ‘16
u Supply Chain ScienceDirect  ("Komplexititstreiber*" OR (Treiber W/3 Komplexitit)) AND ... May & 1726
(complexity W/3 driver*) AND ... June ‘16
m Remanufacturing SpringerLink  (Komplexititstreiber OR (Treiber NEAR/3 Komplexitit)) AND ... May & 2670
(Complexity NEAR/3 driver*) AND ... June ‘16

Total: 11425

ces with references to German-language sources. This was
another reason to extend the research in German-language
literature.

According to Saunders, Lewis and Thornhill [219] the
finalized search terms are identified through an iterative
cycle starting with one key word and adding more in the
process of research in order to summarize all necessary and
possible literature and results. Furthermore, the search
terms are defined in English and German and then for-
mulated more general to extend the results and to prevent
the elimination of important articles. We started our
research by using the key words “Komplexititstreiber” and
“complexity driver” and formulated the search term
“Komplexitdtstreiber OR complexity driver”. After
reviewing the found literature, we found out that a lot of
sources also used the term “Treiber der Komplexitit” or
“driver of complexity,” so we added these terms to our first
search term and received the new term “Kom-
plexitdtstreiber OR Treiber der Komplexitdt OR complexity
driver OR driver of complexity”. During the following
search process, it became clear that sometimes these key-
words are separated by other words so we implemented the
NEAR operator to cover all existing and relevant literature.
The finalized search terms are described in Table 1.

After defining the right search terms, a researcher must
examine all sources systematically by using online biblio-
graphic or article databases. Databases are often special-
ized in a specific research area. The research for this paper
was performed in English and German by using the fol-
lowing eight English and German databases: EBSCOhost,

Emerald, GENIOS/WISO, Google Scholar, IEEE Xplore,
JSTOR, ScienceDirect and SpringerLink.

The used databases were also defined through an itera-
tive cycle. In our research, we started by using the data-
bases EBSCOhost, JSTOR, GENIOS/WISO and Google
Scholar. EBSCOhost and JSTOR are one of the biggest
databases for academic research and connected with
numerous other databases. During our research process on
Google Scholar, some literature sources were found on
other specific databases such as Emerald, IEEE Xplore,
ScienceDirect and SpringerLink. Thus, these databases
were also included in the research process.

Table 1 shows the general framework of our literature
collections including the research focus, applied databases
and search terms. Furthermore, the framework contains
the results and search dates at an aggregate level to
provide first insights. In our research, the time period was
restricted between January 01, 1900, and December 31,
2015. The different frameworks with all precise search
terms, results and searching dates are shown in “Ap-
pendix” (Table 13).

2.2 Research segmentation and overview

The search resulted in 11,425 literature sources including
research papers from journals, conference proceedings,
working papers, books, essays and PhD theses. However,
several literature sources are found repeatedly.

According to Fink [78], literature research and analysis
always accumulate many publications, but only a few are

@ Springer
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Categories
(combined with RQ)

Identified literature sources with Author’s name(s)

Source #1 | Source #2 | Source #3 Source #n

Definition of complexity drivers (RQI)

Methods for ... identification
lexit L
co'rnp e,x e ... operationalization
drivers’ ...
(RQ2) ... visualization
General
Product development
Complexity Procurement / Purchasing
drivers in e
= Logistics
manufacturing 8
companies g Production
(RQ3) S Order processing / Distribution / Sale
Supply chain
Remanufacturing

Fig. 2 Synthesis matrix for literature’s synthesizing

relevant. Consequently, it is necessary to screen and syn-
thesize the results.

In this paper, the researched literature was synthesized
based on the qualitative content analysis and the afore-
mentioned research questions. The content analysis is used
to analyze the literature and to identify the occurrences of
specified information systematically. Within the qualitative
content analysis, the information is extracted, formatted
and evaluated to answer the research questions. The most
important aspect is the extraction of the information to gain
the required information. Extraction means to read the text,
separating the text in different parts, and to decide which of
the given text parts contain information that is relevant for
the researcher. The relevant information is then assigned to
previously defined categories [92]. In the qualitative con-
tent analysis, this assignment is called coding and is
induced by a coding unit. The coding unit is a text passage,
which is connected to a certain category or content. The
assignment to the defined categories is performed by the
researcher, called coder [152]. However, the researcher and
his understanding and interpretation influence the extrac-
tion and text interpretation [92, 152]. When the coding
process is done by more than one researcher, a common
understanding and interpretation is required [152]. The
defined categories are connected with the research ques-
tions and are not fixed. During the extraction process, they
can be altered and new categories can also be added. As a
result of the extraction, a vast amount of data are collected
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which can be used for information formatting and evalua-
tion to answer the research questions. For information
evaluation, the researcher compares the different literature
sources to identify communalities and differences [92].

For analyzing and synthesizing the literature in our
research, we followed the approach of the qualitative
content analysis and defined in the first step twelve cat-
egories based on our three research questions. The cate-
gories were implemented in a synthesis matrix (see
Fig. 2). The synthesis matrix helps the researcher to
organize the identified literature and their different con-
tents on an issue.

In the next step, we started the extraction process by
screening the title and abstracts of the identified papers,
books, etc. and eliminate sources without focus in manu-
facturing companies or the value chain. For example,
papers focused on financial, insurance or biological issues
were eliminated. Furthermore, we excluded all papers that
were found multiple times. Within this procedure, the total
amount of found literature sources could be reduced
significantly.

Then, we started our detailed literature analysis by
searching for the key words “complexity driver” or “driver
of [ ...] complexity” and analyzed the content around the key
words. The key words were highlighted in the text, and we
made notes about our first impressions and thoughts. After-
ward, we read all data repeatedly to achieve an overview of
the whole content and separated the text in different parts
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Table 2 List of journals, books and papers published during the
period 1991-2015

Literature source Time horizon ~ Number of publications

Journals 19912015 68
Books 1993-2015 41
Essay 19912015 41
PhD theses 1991-2015 55
Conference proceedings  2010-2015 13
Working papers 20002012 11
Newspaper 1994-2009 4
Internet (Web sites) 2005-2014 2
Total 235

regarding their content. The parts with relevant information
about complexity drivers were assigned to the previously
defined categories in our synthesis matrix. The assignment of
a specific information to a certain category (coding) was
induced by the particular text passage (coding unit). Parts
without relevant information were ignored. As a result of our
extraction process, a vast amount of data from 235 different
literature sources were collected in a table to answer our
research questions. For information evaluation, we com-
pared the found information in each category to identify
communalities or differences.

The synthesizing process resulted finally in 235 relevant
papers. These papers were published in journal articles
(68), books (41), essays (41), PhD theses (55), conference
proceedings (13), working papers (11), newspaper (4) and
Web sites (2) in the field of complexity drivers in the time
period 1991-2015 (see Table 2).

Before 1991, no relevant literature sources in regard to
the issue complexity drivers were found in our research.

One reason could be attributed to the development of the
scientific research in the field complexity management
[90]. According to GieBmann and Lasch [90], complexity
management’s development process can be separated in

Fig. 3 Complexity 1990
management’s evolution [85]

three steps: variant management, complexity management
in a narrower sense and integrated complexity manage-
ment (see Fig. 3). These steps do not appear strictly in
sequence but also parallel.

Due to a change from seller’s to buyer’s market, the
companies extend their product portfolio. In consequence,
the product portfolio reached a volume that could hardly
be managed by the companies [90]. Therefore, variant
management was developed to handle product’s com-
plexity. Variant management’s objective is to combine
variant’s diversity and profitability [82, 90]. Product’s
amount and property was one complexity driver. Within
the complexity management, the focus lays more and
more upon the processes. Processes were identified as a
further complexity driver. In the third step, the upstream
and downstream processes and stages were integrated in
the focus. Furthermore, the interdependencies between the
determining factors, the initiated approaches and com-
pany’s subsystems were determined. The integrated
complexity management provides a concept for an effec-
tive handling of complexity problems [90]. Therefore, it
can be assumed that complexity drivers come more and
more into scientific focus at the transition between variant
management and complexity management in the early
1990s of the last century.

Another reason could be attributed to the definition and
understanding of the term “complexity driver”. In the lit-
erature, complexity drivers were defined in many ways (see
Sect. 3.2). For the authors, complexity drivers have an
influence on something and are responsible for increasing
complexity in a system. In our research, we found out that
the first definition about complexity drivers was specified
by Schmidt [227] in the year 1992.

In variant management, the sources, which were
responsible for increasing variant diversity and complexity,
were called “variant driver” [240]. Thus, it is an indication
for us that the term complexity driver can be attributed to
the term variant driver.

1995 2000
1 1

2005
» Year

| 1
Product portfolio =
Process = Complexity
Management
System = Ihl/llta;g:;g el(lltomplexlty II’ | Jong-term
v il
Focus Period under
observation
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3 Literature review about complexity drivers
3.1 Overview about literature research results

Table 2 presents an overview about the identified literature
sources and the number of publications in the field of
complexity drivers in manufacturing companies and along
the value chain (published between 1991 and 2015). More
than 50% of the publications about complexity drivers
were published in journals and PhD theses. Thus, com-
plexity drivers have a high importance in scientific
research. Complexity drivers are also mentioned in several
books, essays, conference proceedings as well as working
papers with a practical and/or scientific purpose. Working
papers are publications from companies or universities
with a practical and/or scientific purpose. In this research,
most of the identified working papers are practically ori-
ented. Newspapers and the Internet are also literature
sources for complexity drivers. After analyzing the dif-
ferent literature sources and their focuses, we conclude that
complexity drivers have a high relevance in practice as
well as in scientific research.

As already mentioned, in our research we identified 235
papers about complexity drivers in the literature and clus-
tered them according to their content in nineteen clusters
(see Table 3). Building the nineteen clusters was an itera-
tive process. We started by comparing the papers according
to their content and generated the clusters based on their
communalities and differences. One hundred and sixty
papers (68%) are only focused on complexity drivers
(Cluster #10), nineteen papers (8%) are focused on com-
plexity drivers and complexity driver’s definition (Cluster
#12), and twelve papers (5%) are focused only on com-
plexity drivers and approaches for complexity driver’s
identification (Cluster #14). Furthermore, 169 papers
(72%) are written in German and 66 (28%) in English.

In addition, we discovered that 212 (90%) of the total
amount of 235 papers describe specific complexity drivers
in manufacturing companies and along the value chain
(Cluster #10—#19). One hundred and fifty-four papers
(73%) are written in German and fifty-eight (27%) in
English. Twenty-three papers (Cluster #1-#9) comprise
only general information about complexity drivers without
the description of specific complexity drivers in manufac-
turing companies and along the value chain.

For separating the literature into the two parts “manu-
facturing companies” and “along the value chain®, we
analyzed the 212 literature sources and the identified
complexity drivers regarding their focus. We followed the
complexity driver’s assignment to certain categories that
the paper’s authors used. If they describe complexity dri-
vers, which belong to different parts of the value chain, we

@ Springer

followed their assignment and used this information in our
study. We assumed complexity drivers, which are not
assigned to a certain part of the value chain by the authors,
to be general in manufacturing companies. This separation
is important for the management in a company, because
higher management (e.g., CEO or director) needs a vast
overview of the whole company and the occurring com-
plexity drivers, whereas managers of certain departments
(e.g., senior manager, department manager, team leader)
need an overview about complexity drivers in their specific
fields of interest.

Previous literature studies about complexity drivers
have been done by four authors with different objectives:
Meyer [174], Serdarasan [255, 256] and Wildemann and
Voigt [289]. Principally, it can be distinguished between
literature review and literature overview/survey. A litera-
ture overview/survey reviews the existing literature in a
particular field of interest on a surface level. However, a
literature review analyzes and evaluates the existing liter-
ature more in detail as an overview/survey and gives the
reader a better understanding of the research [258]. Ser-
darasan [255, 256] signifies their literature studies as re-
views and gives a detail overview of the “literature on
supply chain complexity and its drivers”. The literature
studies of Meyer [174] and Wildemann and Voigt [289]
refer to a literature research only on complexity drivers and
can be assigned to the category literature overview/survey.

In his PhD thesis, Meyer [174] describes the state of the
art regarding specific complexity drivers and their influ-
ence on increasing complexity. Before reviewing the lit-
erature, Meyer [174] describes his understanding of the
term complexity drivers and states that complexity drivers
are factors, which influence the system’s complexity and
are responsible for changing system’s complexity level
[174]. The literature results are subdivided by Meyer [174]
into two categories:

Category #1: General complexity drivers and their
influences on increasing complexity in a company.
Category #2: Major complexity drivers and their influ-
ences regarding logistics.

According to Meyer [174], the complexity drivers and
their influences in category #1 are based on variant man-
agement. They concern mostly product complexity and
product complexity’s area of influence. As a result of the
literature research, Meyer [174] identifies nineteen litera-
ture sources and describes 127 complexity drivers in
fourteen driver categories. In summary, Meyer [174] offers
a table, showing the identified complexity drivers, their
appearances in the literature and their influences. However,
he does not describe a comparison between the different
literature sources. Furthermore, he focused his research
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only on general complexity drivers and complexity drivers
regarding logistics. Complexity drivers in other parts along
the value chain are not described and compared with his
findings. In addition, Meyer [174] does not describe
specific approaches for complexity driver’s identification,
operationalization and visualization. No research questions,
databases, search terms and synthesizing methods are
determined.

Serdarasan [255, 256] published two review papers
concerning supply chain complexity drivers. The first paper
was published in the proceedings of the 41st International
Conference on Computers & Industrial Engineering in
2011. The second paper was published in the journal of
Computers & Industrial Engineering in 2013. In her
papers, Serdarasan [255, 256] reviews the “typical com-
plexity drivers that are faced in different types of supply
chain and presents the complexity driver and solution
strategy pairings in the form of a matrix”. The information
was extracted from real-life supply chain situations and
gathered from multiple existing sources such as interviews,
observations, reports and archives.

In the first paper, Serdarasan [255] reviews the literature
on supply chain complexity drivers, because in her opinion,
this is the first step in developing a clear strategy for
complexity handling. Before reviewing the literature, Ser-
darasan [256] analyzed the three different types of supply
chain complexity (static, dynamic and decision making)
and describes her understanding of the term complexity
drivers. In her understanding, “a supply chain complexity
driver is any property of a supply chain that increases its
complexity” and corresponds with the different types of
supply chain complexity [255]. Furthermore, Serdarasan
[255] classifies the complexity drivers “according to their
origin in internal, supply/demand interface, and external/
environmental drivers”. In total, twenty-three literature
sources are identified and twenty-seven complexity drivers
are described in the three driver categories internal, supply/
demand interface and external. In addition, Serdarasan
[255] gives an overview of twenty-seven different solution
strategies for handling specific complexity drivers. How-
ever, the information about all references and the system-
atic review results are not described, because of “space
restrictions” in the conference paper [255].

In summary, in her first paper Serdarasan [255] offers an
overview, showing the identified complexity drivers and
their overall origin categories, and describes some solution
strategies for complexity driver’s handling. However, she
does not describe a comparison between the different lit-
erature sources and their findings. Furthermore, she
focused her research only on supply chain complexity
drivers. Complexity drivers in other parts along the value
chain are not described and compared with her findings.

@ Springer

In the second paper, Serdarasan [256] enhances the con-
tent of her first paper and reviews the “typical complexity
drivers that are faced in different types of supply chains and
present the complexity driver and solution strategy pairings
based on good industry practices*. Analogously to the first
paper, Serdarasan [256] distinguishes in the first step the
supply chain complexity in the already mentioned three
types: static, dynamic and decision making. Then, she
describes her understanding of the term complexity drivers
and combines it with the different types of supply chain
complexity and their origin (internal, supply/demand inter-
face and external/environmental). In the next step, Ser-
darasan [256] analyzes the identified thirty-eight literature
sources focused on supply chain complexity according to
their type and origin. As a result of the analysis, Serdarasan
[256] states that the related literature is mostly focused on
internal and interface complexities. The number of studies
dealing with external complexity drivers is smaller, because
“external drivers are outside the system boundary of the
supply chain”. According to the three types of supply chain
complexity, the literature is mostly focused on static and
dynamic types. Decision-making complexity is also much
less in the focus of the literature. Based on her literature
research, Serdarasan [256] developes a classification of
supply chain complexity drivers according to their type and
origin. Thirty-two supply chain complexity drivers are
described in nine complexity driver categories. For com-
plexity drivers handling, Serdarasan [256] extends the
overview of different solution strategies from twenty-seven
in the first paper to thirty-three in the journal paper.

Summarizing the second paper, Serdarasan [256] pre-
sents a table, consisting of the identified complexity dri-
vers, which were clustered according to their type and
origin. Furthermore, she compares the different literature
sources and their findings to identify communalities and
differences. Analogously to the first paper, Serdarasan
[256] focuses her research only on supply chain complexity
drivers. Complexity drivers in other parts along the value
chain are not described and compared with her findings.

In addition, Serdarasan [255, 256] does not describe
specific approaches for complexity driver’s identification,
operationalization and visualization in her two papers.
Beyond, no research questions, databases, search terms and
synthesizing methods are determined.

The objective of Wildemann and Voigt’s research [289]
is to identify internal and external complexity drivers in
manufacturing companies with the aim of quantifying
company’s product portfolio, process and structure com-
plexity. As a result, a company’s complexity profile can be
compared across other companies. The basis of Wildemann
and Voigt’s [289] overview is a comprehensive literature
and case study analysis about complexity drivers.
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Before starting the literature research, Wildemann and
Voigt [289] analyzed the term complexity extensively to
develop their own definitions for internal and external
complexity. According to Wildemann and Voigt [289],
external complexity is the sum of all parameters in a
company that cannot be influenced or can only be indi-
rectly influenced. External complexity is constitutive traits
for a company’s processes that product program and the
company’s structure exhibit. Their dynamics are only
predictable to some extent. Internal complexity is the sum
of all material and immaterial units in a company and their
static and dynamic links that express the external require-
ments within the company borders.

For complexity driver’s understanding, Wildemann and
Voigt [289] cite the definition of Piller that complexity
drivers are a “phenomenon, which actuate a system to
increase their own complexity”.

Based on this understanding, Wildemann and Voigt
[289] perform a comprehensive literature research
focused on complexity drivers and separate the identified
complexity drivers according to their origin into internal
and external categories. As a result of their literature
research, Wildemann and Voigt [289] identify seventeen
literature sources about complexity drivers and identify
thirty-two external and sixty-three internal complexity
drivers, which are allocated in eleven driver categories.
Wildemann and Voigt [289] criticize that literature’s
assignment of complexity drivers to different driver
clusters show some contradictions. In addition to their
literature research, Wildemann and Voigt [289] analyze
twenty-seven case studies to extend literature’s results
about complexity drivers with complexity drivers iden-
tified in practice. The case studies comprise different
branches to provide a differentiated overview about
external drivers and their internal impacts. In summary,
115 different complexity drivers are identified and
clustered according to nine main driver categories (three
external and six internal). Then, the results are visual-
ized in a “complexity driver tree” and evaluated in a
further empirical study to identify the most relevant
complexity drivers for practice. As a result, the total
amount of complexity drivers is condensed to an amount
of complexity drivers, which are easy to handle in
practice. Based on expert interviews, Wildemann and
Voigt [289] finally identify ten relevant external and
twenty relevant internal complexity drivers. The con-
centrated complexity drivers are the basis for an addi-
tional empirical research by online questioning. Within
the questioning, the trends of internal and external
complexity drivers, their relevance and influences on
company’s processes are investigated. The results from
literature and empirical research are the inputs for the
development of a complexity index [289].

In summary, Wildemann and Voigt [289] present in the
first step a literature overview about complexity drivers
general in manufacturing companies. The identified drivers
are clustered according to origin in internal and external
drivers. The authors compare the different literature sour-
ces and their findings to identify communalities and dif-
ferences. Then, they compare the literature results with the
results from empirical research to extend the total amount
of complexity drivers. The results are visualized in a
complexity tree. The practical relevant drivers are identi-
fied through expert interviews. However, Wildemann and
Voigt [289] focus their research only on general com-
plexity drivers. Complexity drivers in other parts of the
company and along the value chain are not described and
compared with their findings. In addition, Wildemann and
Voigt [289] do not describe specific approaches for com-
plexity driver’s identification and operationalization. Only
one method for complexity driver’s visualization is
described. For literature research, no research questions,
databases, search terms and synthesizing methods are
determined.

Table 4 summarizes the results of our analysis accord-
ing to the previous literature studies about complexity
drivers. The table shows a list of existing reviews and
overviews/surveys and gives an overview of their focus,
research period and results about complexity drivers. Fur-
thermore, the identified literature studies are analyzed and
evaluated based on the requirements of a systematic,
explicit and reproducible literature review, described by
Fink [78].

The evaluation is based on the following two criteria:
fulfilled (4++) and not fulfilled (—). Table 4 gives an
overview about the determination of the two evaluation
criteria in the following two categories:

e Determination of research questions, databases, search
terms and synthesizing methods.

e Comparison of literature findings with other literature
sources or empirical research data.

As a result of Table 4 and the analysis of the previous
literature studies, the existing studies cover complexity
drivers on specific issues such as logistics, supply chains or
general in manufacturing companies (see Table 4).

A vast number of literature sources and complexity
drivers in the referred field are covered in these literature
studies, although a systematic, explicit and reproducible
method for identification, evaluation and synthesizing the
existing literature about complexity drivers is not described
[78]. In the previous literature studies, no research ques-
tions, databases, search terms and synthesizing methods are
described (see Table 4). Furthermore, the literature find-
ings are only compared in two of the four studies to
identify communalities and differences to improve reader’s
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Table 4 List of existing reviews or overview about complexity drivers and their results

Author(s) Meyer [174]

Serdarasan [255]

Wildemann and Voigt [289] Serdarasan [256]

Type of literature study Overview

Publication’s language German
Focus

General in manufacturing companies .

Product development

Procurement/purchasing

Logistics .

Production

Order processing/distribution/sale

Internal supply chain .

Remanufacturing

General in value chain
Research period 19922004
Literature review’s results: amount of...

Identified literature sources 19 25

Complexity driver’s definitions 1 1

Described complexity drivers 127 27

Complexity driver categories 14 3
Determination of ... by the author(s)

Research questions - -

Databases - -

Search terms - -

Synthesizing methods - -
Literature findings’ comparison with...

Other literature sources - -

Empirical research data - -

Review
English

1998-2011

Review
English

Overview

German

1991-2010 1992-2011
17 38

1 1

95 32

11 9

++ ++
++ -

Evaluation criteria: fulfilled (++), precise research questions, databases, search terms and synthesizing methods, are described. The literature
findings are compared with other literature sources or empirical research data; not fulfilled (—), precise research questions, databases, search
terms and synthesizing methods are not described. The literature findings are not compared with other literature sources or empirical research

data

understanding in a particular field of research. These are
essential to determine the current state of knowledge about
a particular research issue in a literature review according
to Fink [78].

The existing literature studies only describe complexity
drivers in a specific field of manufacturing companies. A
more general overview about complexity drivers in man-
ufacturing companies and along the value chain does not
exist yet. Furthermore, no different definitions of com-
plexity drivers are identified, compared and discussed in
the previous literature studies. Meyer [174], Serdarasan
[255, 256] and Wildemann and Voigt [289] provide only
one definition for complexity drivers. In our opinion, a
more extensive point of view is necessary to identify all
characteristics of complexity drivers. Complexity driver’s
understanding is the first step in managing complexity (see
Sect. 3.1).

@ Springer

In the existing studies, no approaches for complexity
driver’s identification or operationalization are described. A
specific and target-oriented complexity management is
based on identification, operationalization and visualization
of a system’s complexity drivers (see Sect. 3.2). For science
and practice, it is important to know that different methods
for complexity driver’s identification, operationalization and
visualization exist in the literature. Only Wildemann and
Voigt [289] describe a method for complexity driver’s
visualization in their research paper. However, this method is
not applicable in all cases; thus, further methods for com-
plexity driver’s visualization are required.

In our research paper, we want to close the referred gaps
by a systematic, explicit and reproducible literature review
about complexity drivers general in manufacturing com-
panies and along the value chain.
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Fig. 4 Overview about literature analysis’ results

According to the literature, the existing studies are
only focused on specific issues such as logistics, supply
chain or general in the company (see Table 4). One of
this paper’s purposes is to present an overview about
complexity drivers in all aspects along the value chain
and in manufacturing companies in attempt to close this
literature gap. Furthermore, the results are compared
with each other to identify communalities and differ-
ences between complexity drivers general in manufac-
turing companies and along the value chain. In addition,
we identify and analyze all existing definitions of com-
plexity drivers and develop a new overall definition to
increase the understanding of complexity drivers. Our
objective is to fulfill all requirements of a literature
review in general.

To achieve this aim, the identified 235 literature sources
(Nt) were analyzed in detail (Fig. 4). Twenty-three papers
are focused only on general information about complexity
drivers. As already mentioned, 212 papers (Nj) contain
information about complexity drivers in manufacturing
companies and along the value chain. Within these 212
papers, 108 literature parts (Ng) can be identified that deal
with complexity divers general in manufacturing compa-
nies. Furthermore, 115 literature parts (Nyc) are focused
on complexity drivers along the value chain. Eleven papers
describe both parts (NgNNyc).

After identification and segmentation of the researched
literature, the next step was to analyze the overall trend of
all literature regarding complexity drivers in manufacturing
companies and along the value chain (Fig. 5). Further, the
results were separated in German and English publications.

Total amount of literature sources about
complexity drivers between 1991 and 2015:
N,:235

with information about complexity drivers in
manufacturing companies and along the value chain:

of literature parts focused on
the value chain:

Amount
of literature sources
with only general
information about
complexity drivers:
N,:23

Amount

Ny 115

Figure 5 presents the total amount of publications regard-
ing complexity drivers published in the time period
1991-2015.

The represented trend shows an increased interest in
complexity drivers throughout the last 10 years, because
they are the basement of a target-oriented complexity
management. It can be derived that complexity drivers
attract more and more focus in scientific research.
Another reason for the increase numbers of literature
sources might be the increased amount of included lit-
erature sources in databases over time. For example, the
database EBSCOhost enhanced their connection to other
databases over the last years, and thus, it covers more
and more books, journals and conference papers.
Seventy-four percent of all publications were published
between 2004 and 2015. Furthermore, 72% of all pub-
lications were published in German. However, the
amount of English publications increased continuously in
the last 6 years.

As already mentioned, 212 papers (90% of all literature
sources) describe specific complexity drivers in manufac-
turing companies and along the value chain. After ana-
lyzing and synthesizing these 212 papers, we identified 223
different literature parts with complexity drivers in manu-
facturing companies and along the value chain (see Fig. 4
and Table 14 in “Appendix”). Thus, eleven authors have
described more than one field of complexity drivers in their
publications (see Fig. 4). For example, Mayer [170], Meyer
[174] and Lasch and GieBmann [155] describe in their
publications complexity drivers general in manufacturing
companies and drivers in the field logistics.

@ Springer
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Fig. 5 Trend of all literature
sources about complexity
drivers between 1991 and 2015
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With regard to the existing literature, the data from
Fig. 5 were separated in two categories to allow the
researchers an overview about the different trends in the
literature regarding complexity drivers (Fig. 6) and their
increasing importance for manufacturing companies:

e General complexity drivers in manufacturing compa-
nies (108 parts).
e Complexity drivers along the value chain (115 parts).

Furthermore, the different trends in the literature show
the current research direction and give an implication for
gaps and future research.

Figure 6 shows these referred trends during the last
25 years. One hundred and eight literature parts (48%)
concern general complexity drivers in manufacturing
companies. Most of these publications were published
between the years 1998 and 2010 (70%). On the other side,

@ Springer

one hundred and fifteen publications describe complexity
drivers along the value chain. Eighty-three percent of the
publications about complexity drivers along the value
chain were published in the last 10 years. Thus, there is an
increasing interest in complexity drivers along the value
chain in scientific literature.

Comparing the focus of publications in the early years
with the focus of publications during more recent years
shows that complexity drivers are now described more in
detail regarding different parts along the value chain. This
indicates that complexity drivers gain more and more
importance in scientific research.

According to Wildemann [288], Schonsleben [234],
Blecker and Kersten [20] and Kaluza, Bliem and Winkler
[126], we separated the value chain in seven different
fields: product development (PD), procurement/purchasing
(PC), logistics (L), production (PR), order processing/
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distribution/sale (OPD), internal supply chain (SC) and
remanufacturing (R).

Furthermore, we extend this separation by introducing
the field general in value chain (VC), because in our
research we found out that some authors described com-
plexity drivers along the value chain in general.

To allow an overview about the trend of the literature in
the eight different fields of the value chain, the data from
Fig. 5 in the category complexity drivers along the value
chain were separated. Table 5 gives an overview about the
amount of literature across the last 25 years in particular
fields of the value chain. The table also shows that the
amount of publications about complexity drivers in all eight
different fields has increased. Thus, there is an increasing
interest in complexity drivers in the last 10 years.

The main focus is on internal supply chain (23%),
production (22%), logistics (16%), product development
(15%) and order processing/distribution (11%). Eighty-
seven percent of all publications are focused on these
fields. This shows that these fields are identified by several
researches as important sources of complexity in the
company and were analyzed precisely within the last
25 years. Other important sources of complexity are the
fields procurement, remanufacturing and general in value
chain, but only 13% of the publications are focused on
these fields. With a percentage of 3.5%, the field remanu-
facturing has the smallest proportion of all publications.
The analysis shows that in the fields procurement, reman-
ufacturing and general in value chain future research is
necessary, because these fields are also important sources
of complexity in manufacturing companies. Based on the
systems theory, complexity occurs not only in specific parts
of a system. Instead, handling complexity requires a con-
sideration of all parts and their interdependencies in a
system.

3.2 Definition of complexity drivers

Complexity management in the company requires identi-
fication and controlling of the essential complexity drivers
[44, 240], because “complexity drivers can yield in
increasing complexity” [19]. Before identification, it is
necessary to understand what a complexity driver is
[144, 174]. Lucae, Rebentisch and Oelmen [162] argue that
it is important “fo better understand the complexity drivers
that are impeding reliable planning and common planning
mistakes made in large-scale engineering programs”. In
the literature today, there is no universal understanding of
the term “complexity driver” [174]. Buob [46] argues that
the term “complexity driver” cannot be defined
extensively.

Answering the first research question, we analyzed the
identified literature. Several different definitions exist in

the literature, but they all tend to the same content and
seem alike and not different (Table 6).

To describe the term complexity driver, the first step is
to understand what a driver is in general. In the Business
Dictionary [47], three different definitions of the term
“driver” exist:

1. Condition or decision that causes subsequent condi-
tions or decisions to occur as a consequence of its own
occurrence.

2. Element of a system that has a major or critical effect
on the associated elements or the entire system.

3. Root cause of a condition or measurement.

These three different definitions show that a driver is
responsible for a situation or condition and has an impact
on it. Table 6 presents several definitions about complexity
drivers that exist in the literature and their authors. In total,
thirty-six literature sources describe different definitions
about complexity drivers. Twenty-six sources are written in
German and ten in English. Generally, the definitions can
be separated in five main categories: factors, indicators,
sources, parameters/variables and symptoms/phenomenon,
which influence a system’s complexity. The different
complexity driver’s categories are filled with information
from German- and English-written studies. Most of the
different driver’s categories comprise information from
both languages. Only the category “sources” are described
only in German-written literature studies. Further, it can be
seen that the English literature sources are concentrated on
the categories “factors” and “indicators*. For literature’s
synthesizing, we analyzed the different statements or def-
initions of the authors and summarized them in a superior
statement, which is described in Table 6.

After analyzing and synthesizing the existing literature
and the described different definitions of complexity dri-
vers, we come to the conclusion that an overall definition is
required to summarize all collected information in one
definition.

For the development of the new definition, we pro-
ceeded in the following way: In the first step, we analyzed
the characteristic of a definition itself. The first common
statement of a definition is by Aristoteles. He states that a
definition is a “statement, which contains the essence of the
object that is to be defined” [66]. The Encyclopedia of
Language and Linguistics describes a definition as a
“statement of the meaning of a word, term, or symbol”
[42]. The encyclopedias of BROCKHAUS [35] and DIE
ZEIT [63] extend the mentioned definition and describe a
definition as a “determination of a term by specifying the
essential attributes” [35, 63]. According to the Encyclo-
pedia of Language and Linguistics, a “traditional defini-
tion consists of a genus term and any of a number of
differentia. The genus term answers the question, ‘What
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Table 6 Definitions of complexity drivers in scientific literature

Complexity driver’s  Author(s) Definition The author(s) describe(s) complexity drivers as...
category
Factors Schmidt [227]"; ReiB [213]"; Fleck [79]"; Hoge [1 181 ... Jactors, which influence a system’s complexity
Bohne [26]'; Puhl [204]"; Berens and Schmitting [14]";
Fehling [761"; Giannopoulos [87]2; Buob [46]"
Piller and Waringer [202]' ...factors, which increase a system’s complexity
Hanenkamp [107]"; Meyer [174]'; Lammers [154]" ...factors, which influence the system’s complexity and are
responsible for changing system’s complexity level
Schuh, Gartzen and Wagner [244]* ...factors, which may create high complexity
Christ [52]1 ...factors, which are responsible for resource wasting
(‘Muda’) in the company
Indicators Warnecke and Puhl [276]1; Puhl [204]1; Perona and ...indicators, which influence a system’s complexity
Miragliotta [198]% Giannopoulos [87]%; Leeuw,
Grotenhuis and Goor [158]2
Payne and Payne [196]° ...indicators for complexity, but they do not describe all
characteristics of the phenomenon
Rudzio, Apitz and Denkena 2171 ...indicators, which indicate high complexity in the company
Sources Wildemann [284]' ...sources, which are responsible for a system’s complexity
Giefmann and Lasch [89]' ...sources, which influence the target achievement in the
company
Parameters/variables Biersack [17]" ...parameters, indicators or factors, which help to define the
characteristics and economic effects of a system’s
complexity
SchlieBmann [224]"; Gerschberger et al. (8617 ...parameters, which are responsible for a system’s
complexity
Schwenk-Willi [252]l ...variables, which depend on one another, without complete
reduction to another one
Symptoms/ Hoge [118]" ...symptoms of a system’s complexity
phenomenon Dehnen [59]'; Gotzfried [94]* ...phenomenon, which actuate a system to increase own
complexity
Others Dehnen [59]" ...dimensions of complexity

Moos [178]"

Serdarasan [255, 256]°

...forces, which encourage a system’s complexity and are
located on the interface between external and internal
complexity

...properties, which increase a system’s complexity

Language of literature source: ' German (number: 26); > English (number: 10)

sort of thing is it?’. The differentia distinguish it from
members of related sets” [42]. The encyclopedias of DIE
ZEIT [63] describe the genus term as the “generic term
(genus proximum)”. The differentia specifies the differ-
ences in nature [63].

Based on definition’s structure in the literature, in the
next step, we analyzed the existing definitions and state-
ments according to their structure. In all definitions or
statements, the term “complexity driver” is the genus term.
The terms “factor” or “indicator” or “source” or “pa-
rameter” etc. are the hypernym of a class. The differentia
describes the characteristic and the essential attributes of
the definition and “distinguish it from members of related
sets” [42]. The statements “[...] which influence a system’s
complexity” or “[...] which indicate high complexity in
company” etc. are the identified differentia in our research.

In the literature, several hypernyms for complexity
drivers are presented: factor, indicator, source, param-
eter, variable, symptom, phenomenon, dimension, force
and property. However, the meanings of these terms are
different (see Table 7). Thus, we analyzed these terms
and compared the meanings with the general under-
standing of a complexity driver, described in the litera-
ture. According to Schuh [240], Meyer [174] and
Krizianits [150], complexity drivers are causing some-
thing or have an effect or influence on something. Then,
we evaluated the existing meanings based on the fol-
lowing three evaluation criteria

Fulfilled
(++)

Content covers the general understanding
of a complexity driver in total and
contains the two terms cause and influence

@ Springer
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Table 7 Definitions of complexity driver’s hypernyms

Complexity driver’s hypernyms

Definition according to the Oxford Learner’s Dictionary

Evaluation result

Factor [184]
Indicator [186]
Source [190]
Parameter [187]
Variable [192]
Symptom [191]

“Able to be changed”

Phenomenon [188]
Dimension [183]
Force [185]
Property [189]

“The size and extent of a situation”

“One of several things that cause or influence something” ++
“A sign that shows you what something is like or how a situation is changing” -
“A person or thing that causes something, especially a problem” +

“Something that decides or limits the way in which something can be done” -

“A sign that something exists, especially something bad” -

“A fact or an event in nature or society, especially one that is not fully understood” -

“The strong effect or influence of something” +

“A quality or characteristic that something has” -

Explanation for evaluation criteria: ++, fulfilled; +, partial fulfilled; —, not fulfilled

Partial
fulfilled (+)

Content covers the general understanding
of a complexity driver partial and contains
one of the two terms cause and influence
Not fulfilled Content covers not the general

(-) understanding of a complexity. The two
terms cause and influence are not
described

The terms, which fulfill the general understanding of a
complexity driver, are marked (see Table 7). The Oxford
Learner’s Dictionary defines the different hypernyms pre-
sented in Table 7. As a result, only the term factor consists
the attributes cause and influence. Thus, we come to the
conclusion that the term factor is the suitable hypernym for
complexity drivers.

In the next step, we analyzed the identified differentia
and compared them with each other to identify differences
and communalities. Then, we clustered the differentia
according to their content. In the literature, sixteen differ-
ent differentiac are described. Some differentiae are used
more often than others to describe complexity drivers.
Table 8 presents the sixteen differentiae, their literature’s
occurrence and the results of differentia’s clustering.

In summary, the sixteen differentiae can be clustered in
five groups. The first group describes that complexity dri-
vers have principally an influence on system’s complexity.
Group #2 concretizes the statement of group #1 and con-
cludes that complexity drivers have not only an influence
on system’s complexity, but they are responsible for
increasing the complexity level in a system. Group #3
describes further that complexity drivers have a direct
influence on company’s target achievement. Beyond,
complexity drivers are influenced by one another, that is by
internal or external drivers, and cannot be reduced com-
pletely to another one (see Group #4). Furthermore, com-
plexity drivers help to define the characteristics or the
phenomenon of a system’s complexity (see Group #5).

@ Springer

Based on the five differentia groups and the identified
hypernym term “factor”, we developed the following
general complexity driver definition:

Complexity drivers are factors, which influence a
system’s complexity and company’s target achieve-
ment. They are responsible for increasing system’s
complexity level and help to define the characteristics
or the phenomenon of a system’s complexity. Com-
plexity drivers are influenced by one another, that is
by internal or external drivers, and cannot be
reduced completely to another one.

3.3 Approaches for identification,
operationalization and visualization
of complexity drivers

Complexity drivers have influence on companies and the
total value chain [240]. A specific and target-oriented
complexity management is based on identification, opera-
tionalization and visualization of a system’s complexity
drivers. Keuper [132] describes that handling a company’s
complexity depends on the complexity drivers. Schmitt,
Vorspel-Riiter and Wienholdt [230] explain that the iden-
tification and classification of measureable complexity
drivers are the baseline for complexity reduction. Further
Schwenk-Willi [252] and Sun and Rose [266] argue that
complexity drivers are necessary for operationalization and
quantification of complexity. Greitemeyer, Meier and
Ulrich [96] describe that complexity drivers are responsible
for complexity costs. Moreover, they are necessary for the
creation of complexity key performance indicators.
Therefore, it is required to identify and evaluate the rele-
vant drivers [96].

According to the quote “If you can’t measure it you
can’t manage it”. [102], it is important to quantify com-
plexity drivers and their effects [109, 252, 264] from a
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Table 8 Overview of complexity driver’s differentia and their literature’s occurrence

Type In the literature described complexity driver’s Number of authors that Clustering of the identified complexity driver’s differentia
differentia use this differentia
#1 [...], which influence a system’s complexity 18 [...], which influence a system’s complexity
#2 [...], which are responsible for a system’s 3
complexity
#3 [...], which encourage a system’s complexity 1
#4 [...], symptoms of a system’s complexity 1
#5 [...], dimension of complexity 1
#6 [...], are responsible for changing system’s 3 [...], which are responsible for increasing system’s
complexity level complexity level
#7 [...], which increase a system’s complexity 3
#8 [...], which may create high complexity 1
#9 [...], which indicate high complexity in the 1
company
#10 [...], which actuate a system to increase own 2
complexity

#11  [...], which are responsible for resource wasting 1
in the company

#12  [...], which influence the target achievement in 1
the company

#13 [...], which depend on one another, without 1
complete reduction to another one

#14  [...], located on the interface between external 1
and internal complexity

#15 [...], but they do not describe all characteristics of 1
the phenomenon

#16 [...], which help to define the characteristic and 1
economic effects of a system’s complexity

[...], which influence company’s target achievement

[...], are influenced by one another (internal or external)
and cannot be reduced completely to another one

[...], help to define the characteristics or the phenomenon
of a system’s complexity

holistic view [266]. For quantifying complexity drivers and
their effects, it is necessary to identify theoretically pos-
sible complexity drivers first. The next step is to identify
practically relevant complexity drivers [109, 264], for
example within an empirical research [289].

To answer the second research question, we analyzed
the identified literature sources according to general
approaches for complexity driver’s identification, opera-
tionalization and visualization. Parry, Purchase and Mills
[194] argue that recognition and identification of the
complexity drivers “enable managers to realize value” and
“reducing complexity where possible*. Ehrenmann [67]
argues further that complexity driver’s analysis enables
first indications about the success of process’s changing.

3.3.1 Identification of complexity drivers

As a result of literature analysis, thirty-seven authors
describe in their papers twenty-one different approaches
for complexity driver’s identification. Most of the identi-
fied approaches are published in German-written studies
(68%). More than 50% of the approaches are applied for

complexity driver’s identification general in manufacturing
companies. Based on the literature analysis, the most
applied approaches are expert interviews, process analysis
and system analysis. Table 9 presents an overview of the
identified approaches found in the literature and the fields
on which they are focused. Some authors combine different
approaches to identify complexity drivers. Furthermore,
the identified approaches are clustered into seven fields,
based on their principle to increase transparency. An
evaluation of the different approaches regarding their
practical uses wasn’t conducted. This is a mere reflection
of the approaches found in the literature. Such an evalua-
tion can be an implication for further research.

According to Table 9, fourteen different authors use
approaches based on questioning for identification and
classification of complexity drivers. These approaches are
applied to gather the expert’s knowledge and experience.
Further methods for identification of complexity drivers are
the process or situation observation, the process analysis and
the activity-based costing. They are used by eleven different
authors. During a process analysis, the process is divided
into its parts to increase process’s understanding and to

@ Springer
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identify the main parts as well as possible weaknesses. Ac-
tivity-based costing is based on the process analysis. The
costs are divided into direct and indirect costs to identify cost
drivers and thus complexity drivers. Another possibility to
identify complexity drivers is to analyze a company’s system
or structure. During a system analysis, the system is divided
into its parts with the objective of identification and ana-
lyzing system’s behavior and the interdependency between
the different parts [149]. The structure analysis is conducted
in the same way as a system or a process analysis. To analyze
the interdependency between the elements of processes,
systems, parts or structures and to identify furthermore the
specific complexity drivers, the following approaches are
used in the literature: influence analysis, dependence anal-
ysis, cause—effect analysis, variant mode and effect analysis
and failure mode and effect analysis. These approaches are
based on a process, system or structure analysis. A further
feasibility to get an overview about a company’s complexity
and their drivers is to analyze the scientific literature or the
existing documents in the company as well as complexity
diaries. Complexity diaries are used by the management and
employees to document all causes of complexity in the
company [54]. In the existing literature, four authors use
these approaches for identifying complexity drivers. ABC
analysis is also applied for identification of complexity dri-
vers. Wildemann [283] uses ABC analysis in combination
with a system analysis in the field procurement and logistics.
As aresult of this analysis, the goods or components, which
occur at any rate, but have the highest complexity in the
system, are the complexity drivers. Other approaches for
identification of complexity drivers are the factor analysis,
the cost—benefit analysis and creativity techniques. The
factor analysis is a multivariate statistical method used to
describe variability based on an empirical research. The
objective is to concentrate the high number of variables to a
lower number, called factors. These factors are the main
determining components in a system [41] and thus the
complexity drivers. In the literature, the cost—benefit analysis
is also used to identify complexity drivers according to a
company’s performance. As a result of a cost-benefit anal-
ysis, the objects with the highest costs and lowest benefit can
be identified as the complexity drivers [271]. The creativity
techniques in combination with other approaches are also
used for complexity driver’s identification, but no specific
creativity method is referred to in the literature.

3.3.2 Operationalization and visualization of complexity
drivers

After identification of complexity drivers, the next step for
a target-oriented complexity management is to opera-
tionalize and visualize the complexity drivers. Based on the
literature analysis, seventeen authors and eight different

@ Springer

approaches were identified for operationalization of com-
plexity drivers. For visualization of complexity drivers,
nineteen authors and eight approaches were found. The
most applied approach in both areas is the classification
and driver matrixes. Table 10 presents an overview of the
identified approaches and the fields. Some authors combine
different approaches to operationalize complexity drivers.

The identified approaches for operationalization and
visualization were also clustered into seven fields based on
their principle to increase transparency and understanding.
Again, this is just a mere reflection of the approaches found
in the literature without an evaluation of their application
in practice. However, it can be seen that some approaches,
like the classification and driver matrixes and the cluster
analysis, are used for both visualization and operational-
ization. Further research may include the evaluation of the
application of different approaches in practice and their
precise fields of application. Because some approaches are
used for both visualization and operationalization, it is not
clear how these approaches are used and clarification
through further research is needed.

The most applied approach in scientific literature for
operationalization and visualization of complexity drivers
is the classification or driver matrix. Here, the complexity
drivers are grouped and evaluated according to their
influences, dependencies and effects. Based on the evalu-
ation results, complexity drivers can be visualized in a
portfolio diagram to identify critical complexity drivers.

To identify and operationalize the influences, depen-
dencies and effects of complexity drivers, some authors use
an influence or system analysis. Based on an influence or
system analysis, further methods for visualization of
complexity drivers in the field of classification are the
complexity vector and the cause—effect diagram, named
Ishikawa diagram. Compared to Ishikawa, the complexity
vector is more complex and difficult. Generating com-
plexity vectors, Kersten, Lammers and Skride [130] clas-
sify complexity drivers in the two dimensions micro and
macro, based on their system’s influence and the results of
a cluster analysis. In this case, the cluster analysis is
applied to operationalize and classify the complexity dri-
vers in related groups to increase transparency. Further
methods for operationalization of complexity drivers are
expert interviews, factor analysis, scoring methods and
portfolio methods.

Based on a system’s structure, three different approa-
ches for visualization of complexity drivers are applied:
descriptive model, variant tree and swimlane diagram. The
descriptive model is used to describe a system’s com-
plexity, whereby the drivers can be visualized. With variant
trees and swimlane diagrams, the complexity drivers can be
organized in a hierarchical structure. Based on the evalu-
ation of complexity drivers using scoring methods, the
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radar chart can also be applied for visualization of com-
plexity drivers in an easy way.

3.4 Complexity drivers in manufacturing companies
and along the value chain

As already mentioned, complexity drivers have influence
on companies and the total value chain [240]. According to
the origin, complexity can be separated in internal and
external parts [21, 129, 292], called internal and external
complexity drivers. Internal and external complexity dri-
vers are connected directly and induce system’s complexity
[12, 54, 94, 97, 101]. Consequently, internal and external
complexity drivers cannot be separated selectively and
operationalized [26, 94, 227, 239].

Bliss [22, 23] follows the categorization of internal and
external complexity drivers in principle, but he extends the
idea and differentiates internal complexity drivers in cor-
related and autonomous complexity drivers. Correlated
complexity drivers have a direct correlation to the external
market’s complexity and are influenced by it. Autonomous
complexity drivers are not influenced by external factors.
They are determined by the company itself. In the litera-
ture, fifteen authors apply the differentiation of Bliss in
their publications (Appendix Table 14). Furthermore,
Curran, Elliger and Riidiger [57] conclude that it is
required to separate the complexity drivers in value-adding
and non-value-adding drivers. Mahmood, Rosdi and
Muhamed [165] argue that “in measuring cost of com-
plexity, the decision is to find the complexity driver that
invested more cost but does not contribute much to cus-
tomer’s buying decision”.

3.4.1 Internal complexity drivers

Internal complexity drivers describe the company’s com-
plexity and can be influenced actively by the company
itself [3, 18, 23, 29, 127-129, 200, 205, 282]. They occur
as a result of external complexity drivers or are induced by
the company itself [54, 95, 107, 111, 154, 217, 279].
Gotzfried [94] argues that internal complexity is a trans-
lation of external complexity, which is induced exclusively
by the company. Wildemann [281] separates internal
complexity drivers in three categories: structural, infor-
mational and individual complexity drivers.

3.4.2 External complexity drivers

External complexity drivers are factors, which influence
the company’s complexity directly from outside
[3,18,54,90, 111, 118, 127-129, 140, 201, 205, 281, 282].
Bohne [26] and Klepsch [140] describe that external

complexity produces internal complexity as a reaction.
Piller [201] defines external complexity as a “mirror pic-
ture” of the market’s requirements. Normally, external
complexity drivers are constant and cannot or nearly can-
not be influenced by the company itself because they are
not induced by the company [17, 18, 29, 90, 94, 127,
129, 154, 200, 279].

To handle external complexity, companies typically
respond with an unwanted increase in internal and
accordingly non-value-adding complexity [12, 54, 59, 95,
96, 201, 284]. GroBler, Griibner and Milling [101] argue
that external complexity drivers force the company to build
up internal complexity.

3.4.3 Complexity driver’s classification system

Managing complexity in companies requires the identifi-
cation of complexity sources. Lasch and GieBmann [155]
describe that the complexity sources and their effects are
various. Thus, a complete list of all sources cannot be
specified. In the literature, more than 480 different com-
plexity drivers were found during our research in 223 lit-
erature  parts concerning complexity drivers in
manufacturing companies and along the value chain. For a
better understanding and overview, Schottl, Herrmann,
Maurer and Lindemann [236] suggest that complexity
drivers “have to be aggregated to a small, abstract and
well-defined collection”. To increase transparency, Klagge
and Blank [137], Wildemann [282], Lasch and GieBmann
[155, 156] and Giemann [88] follow this approach and
also separate their identified complexity drivers in different
clusters according to their origin, characteristic and influ-
ences on other drivers. The framework for the classification
system used in this paper is based upon existing classifi-
cation systems in the literature provided by different
authors. To create a superior classification system without
overlaps between the different complexity driver cate-
gories, we analyzed and synthesized the existing systems as
follows:

In their research, Bliss [22, 23], Kirchhof [134],
Hasenpusch, Moos and Schwellbach [108], Keuper [132],
Marti [168], Mayer [170], Lasch and Giemann [155],
Giemann [88], GieBmann and Lasch [90], Schomann
[232], Gotzfried [94], Schoeneberg [233], Grimm, Schuller
and Wilhelmer [97] and Lammers [154] cluster complexity
drivers according to their origin into external and internal
drivers. Furthermore, they separate the internal drivers into
internal correlated and internal autonomous complexity
drivers. Schubert [237] argues that external complexity
comprises complexity drivers from a market-based view
and internal complexity comprises drivers from a resource-
based view.

@ Springer



25 Page 28 of 66

Logist. Res. (2016) 9:25

External
complexity

General
market-related
complexity

Society complexity

Market complexity

Demand
complexity

Competitive

Supply

complexity complexity

Technological
complexity
(external)

Internal correlated complexity
Target Customer Product & ] Technologlcal
complexity complexity product portfolio complexity
P P complexity (internal)
Product development Supply process Service Remanufacturing
complexity complexity complexity complexity
Internal

Organizational
complexity

Resource
complexity

Process
complexity

Logistics
complexity

Production
complexity

Sales & distribution
complexity

Planning, control &
information
complexity

General
complexity

Fig. 7 Complexity driver’s classification system

In our study, we followed the already mentioned clas-
sification and divide our classification system into the two
main categories: internal and external complexity drivers.
Further, we also divided the internal complexity drivers
into internal correlated and internal autonomous com-
plexity drivers (see Fig. 7).

In the literature, Keuper [132], Marti [168], Lasch and
Giefmann [155], GieBmann [88], GieBmann and Lasch
[90], Schoeneberg [233], Grimm, Schuller and Wilhelmer
[97] and Ruppert [218] subdivide external complexity into
society complexity and market complexity. Society com-
plexity is determined by cultural factors (language, working
hours, habit, working method, education), ecological fac-
tors, legal factors, standards and regulations and political
factors. The list with all identified complexity drivers in
this and all other categories, which will be mentioned, is
shown in “Appendix” (see Table 15). Asan [6] and Ser-
darasan [255] use the term geopolitical complexity syn-
onymously for society complexity. However, in the
literature most of the authors use the term society com-
plexity, which is the reason why we followed this
nomenclature. In the literature, market complexity is further
subdivided into different subcategories. Keuper [132],
Lasch and GieBmann [155], GieBmann [88], GieBmann and

@ Springer

Lasch [90], Schoeneberg [233], Grimm, Schuller and
Wilhelmer [97] assign the subcategories demand com-
plexity, competitive complexity and supply complexity to
this subcategory. Bliss [22, 23], Marti [168], Schomann
[232] and Blockus [24] follow this assignment and extend
the subcategory by adding technological complexity (ex-
ternal). In the literature, we found several single market-
related complexity drivers, which cannot be assigned to the
previously mentioned categories. Thus, we introduced a
new category called general market-related complexity.
As already mentioned, in our research, we divided the
main category internal complexity into the subcategories
internal correlated and internal autonomous complexity.
Bliss [23], Lasch and GieBmann [155], GieBmann [88],
GieBmann and Lasch [90], Schomann [232] and Marti
[168] assign the following complexity driver categories to
the subcategory internal correlated complexity: target
complexity, customer complexity as well as product and
product portfolio complexity. Keuper [132], Schoeneberg
[233] and Grimm, Schuller and Wilhelmer [97] follow this
assignment and extend the subcategory by adding techno-
logical complexity (internal). Other authors have added
further complexity driver categories to the subcategory
internal correlated complexity. However, these categories
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could not be allocated to the existing categories; thus, they
became independent categories within the subcategory
internal correlated complexity. Bayer [11], Dehnen [59],
Kim and Wilemon [133] and Wildemann and Voigt [289]
add the category product development complexity, and
Bayer [11], Blockus [24] and Nurcahya [179] add the
category supply process complexity to the mentioned sub-
category. The subcategory internal correlated complexity is
completed by adding the categories service complexity and
remanufacturing complexity. Service complexity is added
by Schmidt [228], Collinson and Jay [54] and Dalhofer
[58]. Remanufacturing complexity is added by Bayer [11],
Haumann et al. [109], Steinhilper et al. [264], Seifert et al.
[254] and Butzer et al. [48]. In summary, the subcategory
internal correlated complexity comprises eight complexity
driver categories: target complexity, customer complexity,
product and product portfolio complexity, technological
complexity (internal), product development complexity,
supply process complexity, service complexity and
remanufacturing complexity.

In the next step, the subcategory internal autonomous
complexity is defined. Lasch and Giemann [155],
GieBmann [88], GieBmann and Lasch [90], Schoeneberg
[233], Grimm, Schuller and Wilhelmer [97] and Schomann
[232] assign the categories organizational complexity and
process complexity to the subcategory internal autonomous
complexity. Lasch and GieBmann [155], GieBmann [88],
Gieffmann and Lasch [90] and Schoeneberg [233] extend
the subcategory by the category structure complexity.
However, several authors such as Asan [6], Serdarasan
[255], Reil [213], Blockus [24], Wildemann and Voigt
[289], Hoge [118], Blecker, Kersten and Meyer [21],
Kersten et al. [129], Schubert [237], Collinson and Jay
[54], Schuh, Gartzen and Wagner [244], Gotzfried [94],
Ruppert [218], Schulte [249], Lindemann, Maurer and
Braun [160] and GroBler, Griibner and Milling [101]
include structural complexity drivers in the category
organizational complexity. To avoid overlaps in our clas-
sification system, we also assigned structural complexity
drivers to the category organizational complexity. Other
important categories, which are added to the subcategory
internal autonomous complexity, are the production com-
plexity and planning, control and information complexity.
In the literature, production complexity is defined by Bliss
[22, 23], Bayer [11], Mayer [170], Keuper [132],
Giefmann and Lasch [90], Lasch and GieBmann [155],
Schomann [232], Blockus [24], Marti [168], Klepsch [140],
Pepels [197], Ruppert [218], Gronau and Lindemann [98],
Westphal [280], Jager et al. [123], Gotzfried [94], Schulte
[248] and Schmidt [228]. The category planning, control
and information complexity is defined by Keuper [132],
Mayer [170], GieBmann and Lasch [90], Lasch and
Giemann [155], Schomann [232], Schoeneberg [233],

Ruppert [218], Klagge and Blank [137], Jager et al. [123],
Gullander et al. [105], Grimm, Schuller and Wilhelmer
[97] and Hermann [115]. Furthermore, the categories re-
source complexity, defined by Hoge [118], Reiners and
Sasse [210] Bohne [26], logistics complexity, defined by
Klagge and Blank [137], and sales and distribution com-
plexity, defined by Bayer [11] and Klepsch [140], are added
to the subcategory internal autonomous complexity. In
total, the subcategory internal autonomous complexity
comprises seven complexity driver categories: organiza-
tional complexity, process complexity, production com-
plexity, planning, control and information complexity,
resource complexity, logistics complexity and sales and
distribution complexity.

As already mentioned, complexity drivers are separated
according to their origin into external and internal com-
plexity drivers. In the literature, a further superior classi-
fication system exists. Denk and Pfneissl [62] separate the
complexity drivers in two main groups: general complexity
drivers (e.g., transparency, uncertainty) and precise com-
plexity drivers (e.g., organizational complexity, process
complexity, technological complexity). General complex-
ity drivers are also referred to by Mayer [170], Reifl
[212, 213], Berens and Schmitting [14], Hermann [115],
Gronau and Lindemann [98], Kolbusa [144, 145], Schmitt,
Vorspel-Riiter and Wienholdt [230], Kersten et al. [129],
Blecker, Kersten and Meyer [21], Bick and Drexl-Wit-
tbecker [16] and Waldthausen [273]. Thus, we included a
third main complexity category called general complexity
in our classification system. The total classification system
is shown in Fig. 7.

After defining the superior complexity driver classifi-
cation system, we assigned the complexity drivers found in
the literature to these previously defined main groups and
categories. According to the literature, we clustered the
identified complexity drivers (more than 480) into:

e three main groups (external complexity, internal com-
plexity and general complexity)

e four subcategories (society complexity, market com-
plexity, internal correlated complexity and internal
autonomous complexity) and

e twenty-two main complexity driver categories (society,
demand, competitive, supply, technological external,
target, customer, product and product portfolio, tech-
nological internal, product development, supply pro-
cess, service, remanufacturing, organizational, process,
production, planning, control and information, re-
source, logistics, sales and distribution, and general
complexity) depending on their origin, characteristic
and influences on other drivers. The subcategory
society complexity and the main group general com-
plexity are also added to the twenty-two main

@ Springer
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Fig. 8 Overview about complexity driver’s clustering and their occurrence in the literature

complexity driver categories, because they cannot be
further subdivided into different driver categories.
Thus, we added the identified single complexity drivers
directly to these two categories.

For complexity driver’s clustering, we analyzed all
identified drivers and summarized them according to their
context and similarities in a superior complexity driver
category. As already mentioned, this framework is based
on the literature. For example, in the category “Society
complexity”, we identified the following seven single
complexity drivers and aggregated them to the mentioned
superior category: social framework, social requirements,
social change, social behavior, cultural framework, cultural
factors (language, working hours, habit, working method,
education) and cultural differences. In the category
“Technological complexity (external)®, we identified the
following nine single complexity drivers, which were also
aggregated to the mentioned superior category: techno-
logical progress, technological change, different techno-
logical standards, technological innovations, technological
intensity, technological dynamics, new technologies and
materials, combination of different technologies and tech-
nology integration. In the main group “general complex-
ity”, we aggregated all complexity drivers, which cannot
be assigned to the other two main groups and four sub-
categories. In the main group “general complexity”, we
assigned twenty-eight single complexity drivers such as

@ Springer

stability, instability, perception, time, costs, quality, flexi-
bility, cost effectiveness and transparency. For the other
complexity driver categories, we performed the clustering
process analogously. Figure 8 presents the clustered
twenty-two main complexity driver categories and their
occurrence in the literature in all fields (general in manu-
facturing companies and along the value chain). Table 15
in “Appendix” shows the different complexity drivers in
each category and group.

To answer the third research question, we separated the
data from Fig. 8 into the different fields general in manu-
facturing companies and along the value chain. As a result
of Table 11, some fields are influenced by more complexity
drivers than other fields. The amount of complexity drivers
in a system reflects the level of difficulty in managing a
system’s complexity, because complexity drivers have a
high influence on a system’s complexity. Complexity dri-
vers are strictly connected with their category. For a target-
oriented complexity management, it is necessary to handle
all complexity drivers in a certain category of a specific
system. In an overall view, it can be summarized that
system’s complexity is influenced by the complexity driver
categories. For example, the field production is influenced
by fifteen complexity driver categories, while remanufac-
turing is influenced by seven complexity driver categories.
Thus, the implementation of a target-oriented complexity
management in the field production is more difficult than in
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the field remanufacturing, because more complexity sour-
ces must be considered. As also seen in Table 11, market
complexity, product and product portfolio complexity and
organizational complexity are complexity driver categories
that influence all fields in manufacturing companies. Thus,
these categories are the most important in the company and
must be managed first for a target-oriented complexity
management. Another important category which has an
influence on many fields in the company is society com-
plexity. This category must also be managed for a target-
oriented complexity management. Furthermore, all fields
are influenced by internal and external complexity driver
categories. However, the different fields are mostly influ-
enced by internal driver categories, which can be influ-
enced actively by the company itself. When further
investigating the different fields, it can be seen that the
fields general in manufacturing companies, logistics, pro-
duction, order processing/distribution/sale and internal
supply chain are mostly influenced by internal autonomous
complexity driver categories. Internal autonomous com-
plexity driver categories are not influenced by external
factors and are determined by the company itself. In con-
trast, the field remanufacturing is influenced mostly by
internal correlated complexity driver categories. The
internal correlated complexity driver categories have a
direct correlation to company’s environment (e.g., market
and society) and are influenced by it. The fields product
development, procurement/purchasing and general in value
chain are influenced almost to the same extend by internal
correlated as well as internal autonomous complexity dri-
ver categories.

In the next step, we tried to identify the main complexity
driver categories in the referred fields. In the literature, the
following approaches are applied to identify the most
important factors among many factors: factor analysis
[9, 41], factor screening [139], DoE—design of experi-
ments [259] and Pareto-analysis [135].

The factor analysis is a statistical method and used for
data reduction in an empirical research or experiments. The
aim is to get a small set of variables from a large set of
variables to identify the most important factors [9, 41].
Kleijnen [139] uses the factor screening method in simu-
lation experiments to identify the most important factors:
“Factor screening [...] means that the analysts are
searching for the most important factors among the many
factors that can be varied in their experiment” [139]. For
screening, Kleijnen [139] uses different screening designs
to treat the simulation model as a black box. Another
method to identify variables, which have the most influence
on other variables or parameters in an experiment, is the
design of experiments (DoE). The DoE is normally used
for the development and optimization of products and
processes [259]. Another approach for identification and
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separation of the most important factors among many
factors is the Pareto-analysis. The Pareto-principle
describes that 80% of the effects come from 20% of the
causes [135]. All of the mentioned principles can be used
to identify the most important factors, variables or inputs.
However, none of these approaches were applicable to
identify the main complexity driver categories in our
opinion. The approaches factor analysis, factor screening
and design of experiments are based on experiments,
whereas the Pareto-principle can be used more generally
without experiments. The Pareto-principle is based on
effects and causes. Transferred to our research, the cause
would be the number of a complexity driver’s categories
appearance in the literature and the effect would be the
importance of the specific category. Since it would be
naive to derive the importance of a specific complexity
driver’s category from its number of appearances in the
literature, this principle also wasn’t applicable. Further
research is necessary to identify an approach for analyzing
and identifying important complexity driver categories.

4 Conclusion and outlook

Before starting our research, we reviewed the literature and
searched for existing literature studies about complexity
drivers and gaps in the literature. As a result of our liter-
ature search, we identified four literature studies about
complexity drivers, which have been done by Meyer [174],
Serdarasan [255, 256] and Wildemann and Voigt [289].
After identification, the previous literature studies were
analyzed and evaluated based on the following eleven
criteria (see also Table 4): type of literature study, focus;
research period; amount of identified literature sources,
complexity driver’s definition, described complexity dri-
vers and complexity driver’s categories; determination of
research questions, databases, search terms and synthesiz-
ing methods; and comparison of literature findings’ with
other literature sources or empirical research data.

The existing studies comprise several literature sources
in the period between 1991 and 2011. However, a sys-
tematic, explicit and reproducible method for literature’s
identification, evaluation and synthesizing is not described.
To describe the current state of knowledge in a particular
field of research, it is essential to determine the research
questions, databases, search terms, the synthesizing meth-
ods and to compare the findings with other literature
sources. Only Wildemann and Voigt [289] and Serdarasan
[256] compare their findings with the findings of other
literature sources. Another important criteria for the sci-
entific research are the specification of the different liter-
ature sources about complexity drivers, the trends in the
literature over the last years and the gaps in the literature
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for future research. These requirements are not fulfilled in
the previous literature studies. Furthermore, only the fields
logistics, supply chain and general in manufacturing
companies are described. In the literature, an overview
regarding complexity drivers general in manufacturing
companies and in all parts along the value chain does not
exist so far. Another deficit in the existing studies is that
they present only one definition of complexity drivers. In
our opinion, different definitions of complexity drivers
should be analyzed, compared and discussed to identify all
characteristics of complexity drivers. In the already men-
tioned studies, no approaches for identification and oper-
ationalization are described. Only one method for
complexity driver’s visualization is described by Wilde-
mann and Voigt [289]. For the researcher, it is important to
know that a complexity driver is and what approaches can
be applied for complexity driver’s identification, opera-
tionalization and visualization. Our purpose is to provide
an overview about different definitions and methods for
complexity driver’s identification, operationalization and
visualization for closing these research gaps. In addition,
we develop a new overall definition of complexity drivers
to summarize all characteristics.

To provide this literature review and to fulfill the all
requirements, we used the methodology of Fink [78]. The
research method is described in Sect. 2. First, we started
our research process by defining our research questions,
which guide the literature review. The search term was
defined by finding the lowest common denominator of the
many different paraphrases of the term complexity driver
that exist in the literature. Then, we defined our databases.
For our research, we defined our search terms in English
and German to extend the results and to prevent the
elimination of important articles. The literature search was
performed in eight English and German databases and
resulted in 11.425 literature sources. For analyzing and
synthesizing the literature, we followed the approach of the
qualitative content analysis. The synthesizing process
finally resulted in 235 relevant papers in the time period
between 1991 and 2015. Before 1991, no relevant literature
sources according to the issue complexity drivers were
found in our research. The reasons could be attributed to
complexity management’s evolution over the last 25 years
and the principal definition and understanding of the term
“complexity driver”. Analyzing the overall trend of the
literature regarding complexity drivers in manufacturing
companies and along the value chain shows an increased
interest throughout the last 10 years (see Fig. 5). Seventy-
four percent of all publications were published between
2004 and 2015. More than 50% of all the publications
about complexity drivers were published in journals and
PhD theses. Thus, complexity drivers have a high impor-
tance in scientific research. In our research, we found out

that 212 papers described specific complexity drivers in
manufacturing companies and along the value chain. After
analyzing and synthesizing these papers, we identified 223
different literature parts concerned with complexity drivers
in the two categories manufacturing companies (108 parts)
and along the value chain (115 parts). Eleven papers
describe both parts. The trends of the two categories during
the last 25 years show that there is an increasing interest in
complexity drivers along the value chain in scientific lit-
erature in the last 10 years (see Fig. 6). However, the most
publications general in manufacturing companies were
published between the years 1998 and 2010. Comparing
these trends shows that complexity drivers are now
described more in detail regarding different parts along the
value chain. This indicates that complexity drivers gain
more and more importance for scientific research. In the
next step, the data from the category complexity drivers
along the value chain were separated in the following eight
different fields and analyzed: product development (PD),
procurement/purchasing (PC), logistics (L), production
(PR), order processing/distribution/sale (OPD), internal
supply chain (SC), remanufacturing (R) and general in
value chain (VC). The analysis shows that the amount of
publications about complexity drivers in all eight different
fields has increased over the last 10 years.

This paper describes a variety of definitions and meth-
ods for identification, operationalization and visualization
of complexity drivers. Within the last decades, complexity
has increased continuously in many industries, caused by
internal and external sources named complexity drivers.
Identifying, analyzing and understanding complexity dri-
vers are the first steps in developing and implementing a
clear strategy to handle complexity in the company. For an
effective complexity management, it is necessary to know
the key drivers of complexity in a system, because they are
the main adjusting levers for company’s success. Further-
more, managing a system’s complexity requires an opti-
mum fit between internal and external complexity. Thus,
complexity drivers play a significant role for complexity
management and are a strategic issue for companies to be
competitive.

For this literature review, we determined three research
questions, which were answered as follows. Before identi-
fication, it is necessary to understand what a complexity
driveris [144, 174]. To answer the first research question, the
identified literature was analyzed and synthesized. The
researched literature contains several different definitions of
complexity drivers, defined by thirty-six authors. Based on
their content, the definitions can be assigned to five main
categories: factors, indicators, sources, parameters/variables
and symptoms/phenomenon. As aresult, there is no universal
understanding of the term “complexity driver*, but the
identified definitions tend toward similar definitions. To

@ Springer



25 Page 34 of 66

Logist. Res. (2016) 9:25

generate a general definition of complexity drivers, we
analyzed the existing definitions by identifying their hyper-
nyms and differentia. Several different hypernyms for the
genus term complexity driver exist in the literature, but we
came to the conclusion that only the term factor covers the
general understanding of a complexity driver in total. Then,
the existing differentia found in the literature were clustered
into five groups based on their differences and commonali-
ties. Based on the five groups of differentia and in combi-
nation with the hypernym term factor, we generated a more
general definition of complexity driver.

A specific and target-oriented complexity management is
based on identification, visualization and operationalization
of system’s complexity drivers. In the literature, several
different methods for identification, operationalization and
visualization of complexity drivers are applied (see
Tables 9, 10). Based on this literature review and to answer
the second research question, twenty-one different approa-
ches were identified in the literature for complexity driver’s
identification, which were focused on different fields. The
most applied approaches are expert interviews, process
analysis and system analysis. We didn’t conduct an evalua-
tion of all existing approaches regarding their practical uses.
Our purpose was to reflect the different approaches found in
the literature. We identified eight different approaches for
operationalization and visualization of complexity drivers in
the existing literature. However, a clear assignment of the
different approaches to operationalize and visualize com-
plexity drivers wasn’t possible in all cases. As a result, the
most applied approach in both areas is the classification and
driver matrixes. Further research to eliminate this lack of
definition is needed as well as an evaluation of the existing
approaches’ practical application.

Complexity drivers have a direct influence on the
company and the value chain. Complexity drivers can be
separated in internal and external drivers, depending on
their origin. Internal complexity drivers can also be dif-
ferentiated in correlated and autonomous complexity dri-
vers. In the literature, more than 486 different internal and
external complexity drivers were found during our research
in 223 literature parts concerning complexity drivers in
manufacturing companies and along the value chain. For
clustering the 486 complexity drivers, we developed a
superior classification system without overlaps between the
different complexity driver categories based upon existing
classification systems in the literature, provided by differ-
ent authors. In summary, our new classification system
consists of three main groups (external complexity, internal
complexity and general complexity), four subcategories
(society complexity, market complexity, internal correlated
complexity and internal autonomous complexity) and
twenty-two main complexity driver categories depending
on their origin, characteristic and influences on other

@ Springer

drivers (see Fig. 7). The identified 486 complexity drivers
were clustered into these complexity driver categories and
groups. The assignment to the different categories and
groups was done depending on the complexity driver’s
origin, characteristic and influences on other drivers. Fig-
ure 8 presents an overview about the complexity driver
categories and their occurrence in the literature. The third
research question was answered by means of analyzing the
identified literature and synthesizing the complexity driver
categories in the referred fields (see Table 11). The basis
for synthesizing the categories is shown in Fig. 8.

In summary, our new literature review covers com-
plexity drivers in manufacturing companies and along the
value chain over a period of 25 years (1991-2015). It
fulfills all requirements in total (see Table 12) and closes
the gap in the literature.

In total, 235 literature sources are identified and more
than 486 complexity drivers are described and clustered in
39 categories. The research method, including the research
questions, databases, search terms and synthesizing meth-
ods, and the results and the trends of complexity drivers in
the literature and in the different fields over the last
25 years are also described. We compare our results with
the findings of previously published literature. Gaps for
future research are pointed out.

Furthermore, a new definition of the term “complexity
driver” is specified, based on the existing definitions by
identifying a general hypernym and clustering existing
differentia. Different methods that are applied in the liter-
ature for complexity driver’s identification, evaluation and
visualization are described and give the reader a general
overview. A new classification system was developed, and
the complexity driver categories and their complexity dri-
vers general in manufacturing companies and along the
value chain are pointed out (see Appendix Table 15).

The review was focused only on the manufacturing
industry. Future research may also include other sectors or
industries such as financing and/or insurance. It would also
be interesting to compare the research results from other
sectors with the results of this paper. In addition, the
findings of this paper should be evaluated regarding their
impact and relevance on practice by an empirical research
analogously to the empirical research done by Wildemann
and Voigt [289]. Further, the different approaches for
complexity driver’s identification, operationalization and
visualization should be evaluated by the practice within an
empirical research according to the following three cate-
gories: amount of work, data volume and level of difficulty.
Also, the different approaches should be evaluated
regarding their specific fields of application. This infor-
mation could encourage the user to find the right approach
for his specific field of interest. Further research may also
include finding an approach to identify and analyze the



Logist. Res. (2016) 9:25

Page 35 of 66 25

Table 12 Evaluation of our new literature review about complexity drivers in comparison with existing literature studies

Author(s) Meyer [174] Serdarasan Wildemann Serdarasan New literature
[255] and Voigt [289] [256] review

Type of literature study Overview Review Overview Review Review

Focus

General in manufacturing companies . . .

Product development .

Procurement/purchasing .

Logistics . .

Production .

Order processing/distribution/sale .

Internal supply chain . . .

Remanufacturing .

General in value chain .
Research period 1992-2004 1998-2011 1991-2010 1992-2011 1991-2015
Literature review’s results: amount of...

Identified literature sources 19 25 17 38 235

Complexity driver’s definitions 1 1 1 1 18+ 1

Described complexity drivers 127 27 95 32 486

Complexity driver categories 14 3 11 9 22
Determination of ... by the author(s)

Research questions - - - - ++

Databases - - - - ++

Search terms - - - - ++

Synthesizing methods - - - - ++
Literature findings’ comparison with...

Other literature sources - - ++ ++ ++

Empirical research data - - ++ N Future research

Evaluation criteria: fulfilled (4+4), precise research questions, databases, search terms and synthesizing methods, are described. The literature
findings are compared with other literature sources or empirical research data; not fulfilled (—), precise research questions, databases, search
terms and synthesizing methods are not described. The literature findings are not compared with other literature sources or empirical research

data

most important complexity driver’s categories. As already
mentioned, further research will be needed to create helpful
advice for practitioners to detect complexity issues and to
present methodological support to detect complexity cau-
ses and their effects.
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