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Abstract. The initial issue of complexity management in companies is the iden-
tification of the drivers of complexity. However, current literature lacks methods
for assisting practitioners in the initial identification of such drivers. This paper,
therefore, presents a novel framework for assisting practitioners with identifying
complexity drivers in manufacturing companies. The framework uses a generic
value chain and a generic product structure as its two dimensions. Multiple work-
shops are then conducted with company representatives across different value
chain fields focusing on two main parts: First, surveys are used to assign com-
plexity ratings to different generic product structure elements. Secondly, the
complexity ratings are elaborated on by workshop participants. The process pro-
vides valuable insights into the perceived complexity drivers. The framework is
then verified through a case study in the process industry. Based on the case
study, multiple complexity drivers were identified across both value chain fields
and product structure elements. The case study findings show that the framework
facilitates practitioners in identifying organization-wide perceived complexity
drivers. The framework contributes to both industry and research by addressing
a neglected aspect of complexity management. It achieves this by providing a
comprehensive and structured approach for the initial identification of complex-
ity drivers across product elements and value chain fields.

Keywords: Complexity management, complexity driver, identification, frame-
work, manufacturing.

1 Introduction

Globalized markets, increasingly heterogeneous customer requirements, and demands
for lower costs are factors pressuring the competitiveness of traditional manufacturing
companies [1]. These factors have resulted in increased external complexity for manu-
facturers. In response, companies have increased the complexity of their own opera-
tions to accommaodate these changed conditions [1, 2], often resulting in increased costs
and reduced performance [3]. Such costs are identified across organizations in supply
chain management [3, 4], production systems [5, 6], and various internal projects [7,
8]. However, complexity is not always undesirable, and may even be a source of com-
petitive advantage [8], if managed properly. Most companies are aware of the adverse



effects of complexity [1]. Yet, despite attention from industry concrete tools to effec-
tively handle complexity related issues in manufacturing companies are lacking [1].
Due to the issues arising from increased complexity in companies complexity manage-
ment has received increased attention in literature in the last decade [1]. However, be-
fore complexity can be managed, it must be understood what causes it [1]. These
"causes" are referred to as complexity drivers in literature. Examples of complexity
drivers in manufacturing companies include variety [3, 9] and novelty [7] of products,
as well as variety of assembly equipment [6]. Identification of complexity drivers is,
therefore, critical for the subsequent operationalization and quantification of the com-
plexity costs incurred for the company [1], and investigating this perspective therefore
forms the motivation of this paper.

The remainder of the paper is structured as follows: Section 2 reviews existing re-
search on identification of complexity drivers in manufacturing industry. Based on
these findings, Section 3 presents a novel framework aimed at assisting practitioners in
this endeavor. Section 4 then introduces the methodology of the case study followed by
Section 5, which presents the findings from the case study. Section 6 discusses the lim-
itations of the framework after which Section 7 concludes on the major findings and
suggests areas for further research.

2 Literature Review on Complexity Driver Identification

Literature has been reviewed for frameworks to assist in identification of complexity
drivers in manufacturing companies. This review consisted of a two-step process. First,
relevant papers referenced in Vogel and Lasch [1] were reviewed resulting in 9 papers.
Secondly, to ensure the inclusion of the most current research a block search was per-
formed in Elsevier’s Scopus and Clarivate’s Web of Science covering the period from
2016 to 2019, using the search string: "complexity driver*" OR (driver* NEAR/3 com-
plexity) AND (identi*). Upon screening the 19 papers retrieved, the literature search
produced 11 relevant papers. Since this paper focuses on the identification of complex-
ity drivers in industry, all identified papers have been analyzed as follows: First, the
identified papers are reviewed concerning the repeatability of the methods presented,
as this is considered an important factor for applicability by practitioners. This is eval-
uated according to the degree of detail with which the initial method of gathering com-
plexity driver data is described. Secondly, the intended usage area of the frameworks is
categorized. This is to determine whether the frameworks are intended for general use
in manufacturing companies, or specific to a certain subject area such as flexible as-
sembly systems. Due to space constraints, the general findings from the papers refer-
enced by VVogel and Lasch [1] are briefly summarized first. Hereafter, the overall find-
ings from the database searches are presented.

Reviewing the papers cited by Vogel and Lasch [1] found that these are concerned
with diverse application areas including the remanufacturing industry, supply chains,
and various organizational projects. Furthermore, most of these papers rely on qualita-
tive methods for the identification of complexity drivers, such as literature reviews,
interviews, and expert reviews. However, the description of the methods used is in most



cases not sufficiently detailed to be replicated by practitioners. For the papers where
the methods are described relatively detailed, the methodologies do not allow for adap-
tation to specific contexts or does not provide a company-wide perspective on com-
plexity issues.

To provide an easier overview of the findings of the subsequent database searches
and literature review, the overall results have been summarized in Table 1.

Table 1. Reviewed literature categorized according to methods used in identification of com-
plexity drivers as well as the generalizability of the frameworks.

Paper

Complexity driver data collection
method

Complexity driver fo-
cus area

Asadi et al. [6]

Brainstorming, questionnaire

Assembly system

Kohr et al. [9]

Interview

Manufacturing industry

Kobhr et al. [5]

Simulation study, interview, question-
naire, literature review

Manufacturing industry

Latos et al. [8] Interview Organizational projects
Leang et al. [10] Not specified Manufacturing industry
Piya et al. [3] Literature review, expert review Supply chain

Schmid et al. [11] Not specified Production equipment

Schuh et al. [12]

Literature review, expert review

Organizational projects

Schuh et al. [13]

Literature review

Organizational projects

Schuh et al. [7]

Not specified

Organizational projects

Sun et al. [4]

Questionnaire, expert review, workshop

Supply chain

Asadi et al. [6] acknowledges the need for adapting the complexity driver identifi-
cation method to specific contexts by allowing survey respondents to add missing com-
plexity drivers. Regardless of the fundamental method used for identifying complexity
drivers, Kobhr et al. [5] notes that the analysts must determine the relevant sources to
use, further implying a focus on context specificity. Most of the literature reviewed base
their approach on qualitative methods. Specifically, only 1 out of 11 publications re-
viewed base their methodology on quantitative methods. Kohr et al. [5] notes that given
existing data models, a quantitative approach for identifying complexity drivers may
be less resource demanding than a qualitative approach. They contribute this to the
manual work involved in designing, performing, and analyzing surveys and interviews
[5]. However, for companies where the necessary quantitative data is unavailable, using
a qualitative approach may be favorable from a resource perspective. Furthermore, alt-
hough often considered as inherently objective, data models are still subject to the per-
spective chosen by the data analyst, thereby questioning the objectivity of the quantita-
tive approach [5].

The results of the literature review indicate that there is a gap in literature concerning
detailed and concrete methods for the initial identification of complexity drivers. This
presents an issue for both researchers and practitioners undertaking complexity reduc-
tion efforts and is therefore important to address.



3 Framework for Identification of Complexity Drivers

Based on the identified gap in the existing literature, this section presents a novel frame-
work for the initial identification of perceived complexity drivers in a manufacturing
company. The framework constitutes two parts: i) the structure of the framework and
ii) the associated process to follow. These parts will be described in the following.

3.1  Framework Structure

The framework is structured as a multi-dimensional matrix and is illustrated in Fig. 1.
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Fig. 1. The generic complexity driver identification framework.

GBOM elements

The first outer dimension of the framework is a representation of a generic value
chain using the seven fields summarized by VVogel and Lasch [1]. The value chain fields
are product development (PD), procurement (PC), logistics (L), production (PR), order
processing/distribution/sale (OPD), internal supply chain (SC), and remanufacturing
(R). Taking outset in a generic value chain makes the framework generally applicable
within the manufacturing industry. The framework can be adapted to individual com-
panies by subtracting irrelevant value chain fields, such as the remanufacturing field
for companies not engaged in this activity. The second outer dimension of the frame-
work is the generic product structure, which has been implemented through the generic
bill-of-materials (GBOM) introduced by Hegge and Wortmann [14]. Describing prod-
uct families through a generic product structure enables coverage of the full breadth of
product variants with only one representation [14]. Providing the intersection between
the two dimensions of the framework is the complexity rating matrix. For each GBOM
element and value chain field, two values must be provided. The first value denotes the
perceived complexity of managing the existing portfolio of GBOM element variants.
The second value denotes the perceived complexity associated with adding a new var-
iant to the portfolio. By including complexity ratings for both existing and new GBOM
element variants, a holistic perspective of complexity related issues is maintained.

3.2 Framework Process

The second part of the framework is the process which enables application of the frame-
work in practice. To ensure inclusion of all value chain fields, workshops should be



scheduled for each and include company representatives from corresponding depart-
ments. The process involves three overall phases. First, at the beginning of each work-
shop, a brief introduction to the purpose and objective of the workshop is given. Sec-
ondly, the workshop participants are then asked to collectively rate their perceived com-
plexity of each GBOM element. This is done by using a five-point Likert scale, where
1 represents the lowest perceived complexity and 5 the highest perceived complexity.
Lastly, based on the complexity ratings provided, the participants are asked to elaborate
on each individual rating. This process provides the analysts with valuable insights into
which aspects of each GBOM element that are considered complexity drivers by the
workshop participants. Through this process, analysts can gather information about po-
tential complexity drivers in their organizations as well as the perceived importance of
these. This forms a foundation for further analysis of the costs incurred by each of these
perceived drivers of complexity, which in turn guides managers to where complexity
reduction initiatives are most needed in their organizations.

4 Methodology

To verify the framework and illustrate its applicability in industry it has been applied
in a case company. This section first introduces the case company and then describes
the approach followed for the workshops conducted.

4.1  Case Description

The case company is a mid-sized production company operating in the business-to-
business market. The company’s main product range is liquid household chemicals pro-
duced on either fully or semi-automated production lines. The company is experiencing
challenges caused by market developments like those referenced in Section 1. This has
resulted in a product portfolio which has grown steadily and includes several hundred
product variants and a high rate of annual renewal of the portfolio. For these reasons,
the company has recently initiated a complexity management program. The company,
therefore, makes for an interesting case for studying methods for identification of com-
plexity drivers. During this study, information was primarily obtained through active
participation in workshops and interviews with company representatives. Additionally,
company records were used in constructing the GBOM.

4.2  Case Study Procedure

In preparation for the workshops, the BOMs for the liquid chemical product group were
analyzed to extract the GBOM. The GBOM was then verified by product developers
from the company. The resulting product structure comprises the five generic elements:
cap, bottle, formula, label, and packaging. The generic value chain fields were verified
by managers resulting in exclusion of remanufacturing. Workshops were then sched-
uled with between two and four representatives from departments corresponding to the



value chain fields in the framework. The participants included both managers and spe-
cialists, thereby providing insights from both an overall and detailed perspective. Initi-
ating each workshop was a brief introduction to the overall complexity management
program followed by an introduction to the framework and purpose of the workshop.
Following the introduction, a printout of the framework was handed to the participants,
whom were then asked to collectively rate their perceived complexity of each of the
five generic subassemblies. To ensure that the participants were not influenced by the
ratings made by other departments, a blank framework template was used for each
workshop. Once all ratings had been submitted, the participants were asked to elaborate
on their ratings by describing them using short keyword sentences on post-its. The post-
its were then grouped based on which of the five generic subassemblies they referenced.

5 Case Study Findings

Combining the scores from each individual workshop conducted in the case company
resulted in the complexity ratings shown in Fig. 2. The ratings have been color-coded
based on their severity. Based on the total ratings for each GBOM element, it is found
that “Bottle” and “Formula” are the overall highest rated, each with a total score of 39.
They can therefore be considered nearly identical in perceived complexity. The com-
plexity ratings for these two subsystems are also close in a majority of the value chain
fields. For example, their ratings differ by no more than one score in 9 out of the 12
value chain ratings. Examples of complexity drivers mentioned for the “Bottle” sub-
system includes long changeovers when changing between bottle formats in production
and high inventory space taken up by bottles when compared with their consumption
rate in production. The complexity drivers mentioned for the “Formula” subsystem in-
cludes having to revise production schedules when new variants are added to the pro-
duction mix, as well as getting changes to formulas approved by certification organiza-
tions and customers. On the other hand, labels are generally rated as resulting in least
complexity for the company, with a total score of just 21. Complexity drivers men-
tioned for this subsystem are having to track a high number of variants in both physical
inventory and keeping them up to date in the ERP system. In total, more than 53 differ-
ent complexity drivers were mentioned for the five GBOM elements. Considering the
value chain fields, it appears that complexity challenges are mostly affecting the logis-
tics and production fields. In comparison, the procurement and supply chain fields ap-
pear less affected by complexity, especially when considering complexity related to
new variants. In general, visualization of the perceived complexity through the com-
plexity ratings in addition to the complexity drivers enables managers to make decisions
concerning where to focus future analysis of complexity costs and subsequent com-
plexity reduction efforts.



Generic value chain

PD PC

o ([
Formula ..
Bottle .

GBOM elements
21008 |BJO)

Fig. 2. Complexity rating results from applying the framework in the case company.

6 Discussion

The aim of the presented framework is to assist practitioners in the initial phase of
complexity driver identification: exploring perceived complexity drivers. The case
study showed that the framework succeeds in this regard. However, potential limita-
tions of the framework have been noted. The GBOM representation is limited to prod-
ucts similar in structure. Complexity exploration may thus be limited in scope in com-
panies, where the entire product portfolio cannot be represented by a single generic
GBOM. Furthermore, while the products analyzed in the case study are simple, con-
sisting of only a handful of elements, very complex products such as automobiles may
pose a challenge to manage in the framework. For such products, a different unit of
analysis may ensure a manageable level of detail. This may involve either using high-
level subsystems (e.g. drivetrain, body, chassis, etc.) or focusing on only a single high-
level subsystem (e.g. only drivetrain) and its constituent subsystems. While the frame-
work relies on qualitative data to assess perceived complexity, using quantitative data
and automated data processing may facilitate a dynamic framework implemented in
e.g., a business intelligence solution. However, pursuing this direction would entail a
different set of challenges concerning how complexity-related costs are measured ac-
curately. Another aspect, which may question the validity of the framework is using
combined scores for existing and new product variants. If the two aspects have different
units of magnitude, weighing them equally risk skewing the results of the framework.

7 Conclusion

In this paper we have presented a framework to assist practitioners in the identification
of context specific complexity drivers. The framework achieves this by means of the
generic value chain and generic bill-of-materials, with the former ensuring a broad per-
spective on complexity drivers and the latter a detailed insight into these. The frame-
work has been verified in a case company where it facilitated the identification of com-
plexity drivers across company functions and product elements. The combination of the
complexity ratings and the identified complexity drivers further assists practitioners in
focusing their subsequent investigations of where complexity reduction initiatives in
their organization should be directed.



Further research should be aimed at investigating both limitations and potentials of
the framework. This involves investigating the applicability of the framework for more
complex products as well as the applicability in organizations with dissimilar product
structures. Given the framework’s focus on application by practitioners, further re-
search should center on prescriptive analytics and address how the results of the frame-
work should be interpreted in addition to presenting guidelines on what actions to take.
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