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Abstract

Expanding industrial service offerings is an essential growth and diversification strategy for manufacturing companies.
However, the unstructured development of service portfolios introduces complexity drivers into organizations and presents
new challenges in providing services efficiently and flexibly. This paper explores service complexity in manufacturing com-
panies and evaluates levers for complexity management approaches. Applying an exploratory sequential mixed methods
design, complexity drivers are qualitatively identified and clustered into complexity categories. The effect of these complex-
ity categories on the efficiency and flexibility of the service provision is then quantitatively explored via an online survey.
Correlation analysis reveals substantial interrelations among task complexity (0.61), service program complexity (0.49),
and the complexity of service, support, and customer processes (0.48), highlighting these as most critical to efficiency in
successful service provision. This study enables companies to assess and mitigate service complexity by identifying the key
pain points for implementing complexity management measures.

Keywords Service complexity - Complexity drivers - Complexity management - Mixed methods study

JEL Classification L70 - L80 - M10 - O14 - 032 - 033

Introduction Krcmar, 2006; Lang & Lichtblau, 2021; Schuh et al., 2019;

Zou et al., 2018). In addition to individualization, the pos-

Satisfying customer needs is considered the most crucial
driver of variant generation in a company’s offering (Wilde-
mann, 2018). This growing emphasis on customer-centricity
leads to a steady service portfolio expansion (Bohmann &
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sibilities of digitalization also strongly impact the range of
services offered by manufacturing companies. Emerging
technologies like machine learning pose extensive possi-
bilities for companies from various industries (Jin & Xu,
2024a, b). A well-thought-out digital servitization strategy
can positively impact industrial companies’ performance
(Kohtamiki et al., 2020; Sklyar et al., 2019). In the wake
of this trend of digital servitization (Paschou et al., 2020),
manufacturing companies equip products and machines
with sensors and actuators to offer data-based services for
individual product variants (Jager et al., 2016; Meiren &
Neuhiittler, 2019). These developments lead to a steadily
growing variety of offerings consisting of different products
and variants as well as growing service portfolios consisting
of industrial and data-based services that often cannot be
transparently structured and communicated either internally
or externally (Elmaraghy et al., 2013; Krause & Gebhardt,
2018; Masior et al., 2020).

@ Springer
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The resulting complexity in industrial service portfolios
presents companies with the challenge of flexibly provid-
ing this variety of offerings without sacrificing efficiency
and effectiveness (Arpe, 2012; Buchmiiller, 2019; Schuh &
Riesener, 2017; Schuh et al., 2019). Wildemann (2018) puts
a doubling of the number of variants at a cost increase of up
to 30%. However, industrial practice often does not consider
the complexity of industrial service systems, so enormous
potential remains untapped (Braun, 2015; Bruhn & Had-
wich, 2017; Zou et al., 2018). Service research, therefore,
recognizes complexity as an essential field to study (Polese
et al., 2014). Gummesson et al. (2019) argue for closing the
research gap on complexity in service systems.

In the case of manufacturing companies, there is gener-
ally an explicit lack of servitization research (Kohtamiki
et al., 2019). Still, companies must deal with the complexity
of industrial service systems to successfully provide clas-
sic and data-based services and exploit their potential. This
poses a challenge, since, e.g., for digital service offerings,
manufacturing companies need to adapt their organizational
structures and processes to exploit the corresponding poten-
tial (Ciasullo et al., 2021; Schild et al., 2024). To ensure
competitiveness in providing industrial services, complexity
management approaches are applied to achieve an optimal
balance between efficiency and flexibility, also considering
costs (Binckebanck & Lange, 2020; Link, 2014). However,
the understanding of complexity and complexity manage-
ment activities for industrial services provided by manu-
facturing companies is still in a nascent state. Also, current
concepts and standards for service design are mainly focused
on large enterprises and are not suitable for application in
SMEs (Feversani et al., 2023). Kapoor et al. (2022) high-
light this by examining service portfolios. They conclude
that manufacturing companies suffer from broad service
portfolios, customer structures, and complicated products.

Understanding service complexity in manufacturing com-
panies requires transparency about the roots of complexity
in service operations. A model that identifies granular com-
plexity drivers and organizes them according to their origins
within service operations can facilitate this understanding.
The existing literature provides several contributions to the
complexity drivers of service operations. Benedettini and
Neely (2012) derived 75 service complexity factors from a
systematic literature review. Galvani and Bocconcelli (2022)
tracked an Italian manufacturer of woodworking machines
on its transition to offering a digital service platform. The
single case study identified intra- and inter-organizational
factors that influenced the complexity of offering these
industrial services. Husmann (2020) provides insights
into complexity drivers during the market introduction of
data-based services by manufacturing companies. Bruhn
and Blockus (2011) conceptualize a framework that dis-
tinguishes service complexity along the phases of service

@ Springer

provision. The framework differentiates complexity in ser-
vice operations along three dimensions with underlying
complexity categories. It provides examples of complexity
drivers within each complexity category. The existing litera-
ture provides various contributions to complexity drivers for
service operations but misses a consolidated and empirically
tested contribution for manufacturing companies. Building
on the conceptualization of service complexity by Bruhn and
Blockus (2011), we ask the question:

RQ1: What are the complexity drivers of industrial ser-
vice offerings in organizations, and how can these drivers
be categorized?

The goal for companies should be effectively manag-
ing the complexity of their service operations (Riesener
et al., 2019). For instance, Kwan and Spohrer (2021) sug-
gest applying standardization measures to reduce service
complexity, especially for digital services such as Al in
enterprises. The service complexity framework by Bruhn
and Blockus (2011) offers a structured way to conceptualize
complexity in service operations. While the proposed com-
plexity categories could serve as action fields for complexity
management, their relevance and suitability for this applica-
tion have not been thoroughly investigated by the authors.
Riesener et al. (2019) propose efficiency and flexibility as
measures of successful service operations in complexity
management. This view is shared by Husmann (2020) and
Grefrath (2015), who also highlight efficiency and flexibility
as predominant success factors for service complexity man-
agement. Building on these two success factors and the ser-
vice complexity framework by Bruhn and Blockus (2011),
we ask the question:

RQ2: Which complexity categories are particularly rel-
evant and most suitable for complexity management in
manufacturing companies?

Methodologically, we follow an exploratory sequential
mixed methods design comprising a qualitative and a sub-
sequent quantitative phase (Given, 2008). We apply the ser-
vice complexity framework by Bruhn and Blockus (2011)
to conceptualize complexity in service operations. The
framework differentiates complexity in service operations
along three dimensions with underlying complexity catego-
ries and provides examples of complexity drivers within
each complexity category. Building on this framework, we
extend each complexity category by supplementing it with
a list of granular complexity drivers, thereby enhancing the
framework’s detail and linking specific complexity drivers to
overarching categories and dimensions. Complexity drivers
are identified from existing literature and further enriched
through case studies and expert interviews.
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Additionally, we contribute to understanding the rel-
evance of complexity categories for service operations. We
examine the interrelationships of service complexity catego-
ries with the efficiency and flexibility of service operations.
Our results show positive correlations between complexity
categories, especially with challenges to deal with the effi-
ciency of service operations. We discover that complexity in
service, support, and customer processes, task complexity,
and service program complexity strongly correlate with the
challenges in the efficiency of the service offering. These
correlations indicate that out of all ten complexity categories
of the framework by Bruhn and Blockus (2011), these three
categories might play a prominent role.

The paper is structured as follows: The next section
explores the literature and terminologies of industrial ser-
vices, complexity measures and categories, and complexity
drivers, and lastly, introduces efficiency and flexibility as
success factors for managing complexity. Then, the paper’s
mixed methods research methodology and analysis methods
are introduced. This is followed by two sections on the data
collection, analysis, and findings for the research approach’s
qualitative and quantitative phases. Then, the implications
of the qualitative and quantitative findings are discussed.
Finally, the conclusion and section on further research derive
theoretical and managerial implications, and formulate limi-
tations of the study and avenues for further research.

Literature and terminology
Industrial services

Services are classified into business-to-customer (B2C) and
business-to-business (B2B) offerings. Within B2B services,
a further division exists between manufacturing services
and other industry-specific services (Dreyer et al., 2019).
Manufacturing companies exclusively provide the former
type of service. This paper examines the specific domain of
these manufacturing services, also termed industrial services
(Dreyer et al., 2019; Herterich et al., 2015; Lightfoot et al.,
2013; Poeppelbuss et al., 2022).

The characteristics of industrial services are effectively
described through three service dimensions. These poten-
tial, process, and result dimensions correspond to a distinct
phase in the service delivery process (Hilke, 1984; Meffert
et al., 2018). The potential dimension refers to the initial
phase of service delivery prior to actual execution. Here,
the service is defined by the service provider’s capabilities,
which include various production factors, such as employ-
ees, machinery, and organizational knowledge. Services are
non-transportable, necessitating the service being delivered
at the customer’s location or the customer visiting the ser-
vice site. The challenge in this dimension lies in aligning

these resources to meet customer requirements (Bruhn &
Blockus, 2011; Bruhn & Meffert, 2012; Neuhiittler et al.,
2017). For instance, this stage may include deploying rap-
idly evolving technologies, ensuring service delivery across
multiple locations, and managing labor-intensive processes
(Benedettini & Neely, 2012).

The process dimension emphasizes the actual process of
service delivery. In this phase, an external factor from the
customer is integrated into service production, representing
material or intangible assets provided by the customer. The
production phase combines internal and external production
factors, resulting in an achievement contribution or utility
from this achievement. Service delivery inherently requires
collaboration with the customer, leading to the expiration of
service capacity if unused at the production time (Bruhn &
Meffert, 2012; Neuhiittler et al., 2017). For example, meet-
ing customer requirements in this phase involves extensive
interaction between the service provider and the customer
during the delivery process or entails multiple procedural
steps necessary for service completion. The process dimen-
sion may also encounter challenges like information asym-
metry between the client and provider (Benedettini & Neely,
2012).

The result dimension focuses on the outcome as a defin-
ing characteristic of industrial services. This outcome is
perceived as a change in the customer’s external factors as
a direct result of the service provision (Bruhn & Meffert,
2012; Neuhiittler et al., 2017). In this dimension, meeting
customer requirements involves tasks such as delivering ser-
vices to a diverse range of customer groups or introducing a
new service offering. Challenges in this phase may include
difficulty in predicting the exact outcome of the service
(Benedettini & Neely, 2012).

Complexity and complexity measures

As a concept of relevance for many disciplines, diverse
approaches exist to define complexity within the literature.
Recently, the topic gained further interest in service research
(Alt, 2021; Gummesson et al., 2019; Sachse, 2018). Many
authors in the broader field of management research and
complexity theory view complexity as a characteristic of
systems (Barile & Polese, 2010; Kirchhof, 2003; Luhmann,
1975; Ulrich & Probst, 1991). Systems are defined as a
whole consisting of several distinguishable elements that are
interconnected through relations (Ehrlenspiel & Meerkamm,
2017; Gopfert & Steinbrecher, 2000; Luhmann, 1975; Ulrich
& Probst, 1991). These systems include cities, companies,
markets, and service systems through which services are
provided, so complexity theory is an appropriate concept
within this paper (Holland, 2006; Sachse, 2018).

For the application field of internal industrial services,
Braun and Hadwich (2016) derive the four complexity

@ Springer
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measures of multiplicity, diversity, mutual interdependence,
and dynamics as the manifestations of complexity from 27
in-depth interviews regarding internal services across dif-
ferent industries. They define multiplicity as the number
of involved elements, i.e., system components, stakehold-
ers, and interaction within the service context. The authors
further define diversity as the heterogeneity of elements as
the degree of difference between stakeholders, interactions,
and service components. Thirdly, the authors view mutual
interdependence as interrelationships of system elements
occurring between components and stakeholders of indus-
trial services. Lastly, dynamics constitute the changes in the
states of a system. In industrial services, this variability or
changeability describes the changes in service components,
stakeholders, and their interrelationships over time (Braun
& Hadwich, 2016). These four measures of complexity are
at least partially in line with the contributions of various
authors in management research (Malik, 2015; Patzak, 1982;
Reil3, 1993; Ulrich & Probst, 1991). This view of complex-
ity measures is adapted in the context of product-service
systems by Zou et al. (2018), who conducted a substan-
tial literature review of complexity definitions in the field.
Even though the internal industrial services addressed by
Braun and Hadwich (2016) are not entirely congruent with
the external industrial services addressed in this paper, a
comparison with other authors of the broader management
research field implies their applicability to this paper. Since
the four measures align with these other contributions, they
will be applied in this paper to assess the complexity of
industrial services.

Complexity categories in service offerings

The complexity of industrial service offerings can be struc-
tured along their potential, process, and result dimensions
with complexity categories for each dimension (Bruhn
& Blockus, 2011). Complexity is thereby mapped on the
phases of service provision as described above. Each dimen-
sion is assigned specific complexity categories, as shown
in Table 1. The four complexity measures, as stated above,
can be utilized to assess each complexity category of service
offerings.

The potential dimension addresses the necessary
resources for service delivery, i.e., the employees, techno-
logical know-how, and tangible requirements like machines
and materials. Following these input factors of service offer-
ings, employee complexity, technological complexity, site
complexity, and material complexity are clustered within
the potential dimension. Employee complexity comprises
factors regarding the structure and dynamics of the work-
force. Technological complexity addresses factors regarding
the utilized technologies during service provision, i.e., com-
munication systems or customer databases. Site complex-
ity includes factors stemming from the company’s existing
locations and branches. Material complexity describes the
factors of coordinating and planning the necessary materials
for the service provision (Bruhn & Blockus, 2011).

The complexity of the service delivery is structured
within the process dimension of the service. The process
dimension first includes the complexity that is induced
through all types of processes in a company. Namely, this
entails the complexity in service, support, and customer
processes. Service processes characterize processes that
are directly linked to the service and may partly take place
with the customer’s participation in the liking of value co-
creation. Support processes define the service-providing
company’s indirect processes, like providing a workforce at
the customer’s site. Lastly, customer processes are the neces-
sary processes carried out by the customer to enable service
delivery. The process dimension further entails task com-
plexity, which stems from the tasks within a process, e.g.,
the knowledge or other requirements necessary to carry out
a task. Lastly, the process dimension comprises the complex-
ity of the external factor, which characterizes the custom-
ers and the modalities of their participation in performing a
specific service offering (Bruhn & Blockus, 2011).

The complexity of the intended outcome of service pro-
vision is assigned to the result dimension of service offer-
ings. The complexity of the service program addresses the
characteristics of the categories and variants of services a
company offers. Next, the service complexity describes the
sub-services bundled into a service offering. For example, a
milling machine manufacturer might provide the customer
with a predictive maintenance package that consists of the
data analytics part to predict failures in the bearings and the

Table 1 Service dimensions and their complexity categories following Bruhn and Blockus (2011)

Service dimension Service categories

Potential dimension ~ Employee complexity

Process dimension Complexity in service, support,
and customer processes

Result dimension Service program complexity

Technological complexity
Task complexity

Service complexity

Site complexity Material complexity

Complexity of the external factor -

Customer structure complexity -
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subsequent maintenance service to change the bearings. The
package, therefore, bundles different sub-services, i.e., pre-
diction and maintenance, into one service package. Lastly,
the customer structure complexity assesses the complexity
of the various customer segments to which a company offers
its service (Bruhn & Blockus, 2011).

Complexity drivers and the effects on complexity

Each of the introduced complexity categories comprises var-
ious complexity drivers. Existing literature introduces these
complexity drivers as the cause of complexity in companies
(Bruhn & Blockus, 2011; GieBmann, 2010; Kirchhof, 2003;
Sachse, 2018; Schoeneberg, 2014). Complexity drivers
describe the causal factors influencing complexity in com-
panies. Complexity drivers are the reason for an increasing
complexity level in a company and help to characterize the
complexity of a system such as a company. While complex-
ity drivers may influence each other, two cannot be wholly
reduced into one. A distinction between external and internal
complexity drivers is made by their exogeneity or endogene-
ity (Bliss, 2000; Picot & Freudenberg, 1998; Vogel & Lasch,
2016; Wildemann & Voigt, 2011). External complexity driv-
ers stem from beyond the company’s borders, prohibiting
any direct influence on them. Internal complexity drivers
are located within the company’s borders and can, therefore,
be at least partially influenced by it. The degree of realiz-
able influence on an internal complexity driver depends on
its correlation with external factors. Complexity stemming
from offerings in a portfolio, e.g., is created by the company
itself but is subject to external factors like customer require-
ments or changing market needs. Other complexity drivers,
like a company’s organizational and operational structure,
are entirely in its control and can be influenced completely
(Bliss, 2000; GieBmann, 2010; Kirchhof, 2003; Picot &
Freudenberg, 1998; Schoeneberg, 2014).

The success of service offerings relies on a company’s
ability to manage the complexity drivers within its control
(Riesener et al., 2019). As this effort solely addresses com-
plexity drivers, which have the potential to be influenced,
a company’s focus might only be on internal complexity
drivers. Nonetheless, a service offering’s success is influ-
enced by all complexity drivers regardless of a company’s
ability to influence them. The case could also be made that
many external complexity drivers can be, at least in the long
term, influenced to some degree by a company via strate-
gic decisions. For example, the complexity of the customer
structure may be changed via strategic decisions to include
or exclude certain customers for a service offering. Further-
more, the competition in a market may be influenced by
inorganic growth strategies. This paper will, therefore, view
both internal and external complexity drivers in the follow-
ing sections.

A company’s influence on complexity drivers is directed
toward reducing inefficiencies in providing service offer-
ings to avoid unnecessary costs. Efficiency marks the ratio
of an actual and necessary value. In terms of offered service
variants, portfolio efficiency describes to what degree these
variants are requested from the market and are, therefore,
necessary (Schuh et al., 2019). The second target of manag-
ing complexity is providing an optimal level of flexibility
during the provision of service offerings. This is especially
important for the successful carry-out of services, as the cus-
tomer simultaneously performs and consumes services. A
company, therefore, needs to provide a certain level of flex-
ibility regarding its potential to perform a service, as it must
adhere to the customer’s demand during its performance,
which is hard to predict (Bruhn & Schmidt, 2009; Corsten
& Gossinger, 2003; Grefrath, 2015; Husmann, 2020). Flex-
ibility is, therefore, defined as a company’s ability to deal
with uncertainties and dynamic surroundings in a defined
corridor (Zanker & Reisen, 2015).

Research methodology

To answer the research questions posed in the previous
section, this paper applies an exploratory sequential mixed
methods design comprising a qualitative and a subsequent
quantitative phase (see Fig. 1). Mixed methods approaches,
in general, combine qualitative and quantitative empirical
methods to collect and analyze data, which is then integrated
to investigate a research topic. As a subcategory of mixed
methods approaches, the exploratory sequential mixed meth-
ods design is applied to collect and investigate data in an
exploratory qualitative phase. Results are then applied to
construct a questionnaire to test explorations in the subse-
quent quantitative phase (Given, 2008). This paper investi-
gates and categorizes complexity drivers of the provision of
service offerings and explores success factors for efficiency
and flexibility in the initial qualitative phase. The relation-
ships between complexity categories, flexibility, and effi-
ciency are later tested in the quantitative phase.

The first phase aims to derive complexity drivers of the
provision of industrial services and their impact on the
organization. Literature research, case studies, and expert
interviews were used to identify and consolidate specific
complexity drivers in relation to industrial services. As roots
of complexity, these should serve as concrete starting points
for complexity management and facilitate operationaliza-
tion in companies. A list of complexity drivers from existing
approaches was extended and validated for the application
field of service offerings via semi-structured interviews and
workshops. The complexity drivers were comprehensively
recorded and subsequently divided into internal and exter-
nal drivers, depending on whether the company can directly

@ Springer
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Research Question Objectives Input Activities Output
* Identification of complexity drivers Industria} service
RQ1: What are the from existing approaches providers
complexity drivers » Empirical validation and completion of Managers with Literature review 146 complexity
T_, of indfl;str'ial sgrvice C(f)fmplexity drivers in context of service industrial sF:rvice Semi-structured dr}ivers1 clu§t}1ered
2 0 ‘erlr.lgs n 0 er?rl'gs o ) portfolio Interviews ) into 10 either
= organizations, and » Empirical categorization of complexity responsibility in di internal or external
P how can these drivers into complexity categories manufacturing Case Studies complexity
drivers be * Classification of complexity categories SMEs and Workshops categories
categorized? regarding internality/externality multinational
* Validation of success factors companies
pexity P Y g . industrial service consisting of closed Relevance of
categories are * Measurement of the correlations of the . . ith .
~ . . . . . portfolio questions wit complexity
N particularly relevant complexity categories with efficiency e le of o
4 . o . . responsibility in response scale o categories in terms
& and most suitable and flexibility of the service offering : ionall . .
= for complexity * Measurement of manifest complexity manufacturing fiever, occasionatly, of ther correlation
A - ) SMEs and often, always with efficiency and
management in variables multinational S flexibilit
manufacturing * Convolution to latent variables and companies lpf:armanl . y
companies? correlation to efficiency and flexibility P correlation analysis

Fig. 1 Mixed methods approach comprising qualitative phase 1 and quantitative phase 2

influence them or not. Applying the style of Benedettini and
Neely (2012), the complexity drivers were reformulated
into concrete statements to render each complexity driver
clearly distinguishable from the other drivers and make them
actionable. Equivalent drivers from different sources were
aggregated, and their applicability to manufacturing com-
panies was assessed using a focus group of manufacturing
companies who provide industrial services. The complexity
framework of Bruhn and Blockus (2011) was used to aggre-
gate complexity drivers into the aforementioned complex-
ity categories. As stated above, each complexity category is
assigned to either the potential, process, or result complex-
ity dimension and is either internal or external. Due to the
characteristic of complexity drivers stating that they may
influence each other, their allocation into external and inter-
nal complexity categories may come with certain overlap.
In our study, the complexity categories should be viewed as
primarily internal or external instead of purely internal or
external.

Phase 2 of the methodology aims to determine which
complexity categories are particularly influential regard-
ing service provision. Applying a quantitative research
approach, we conducted an online survey to explore the
interrelations between complexity categories, flexibil-
ity, and efficiency. The questionnaire was designed to
explore the actual situation in the respondents’ compa-
nies. The questionnaire opened with questions regarding
the respondent’s role and the company she is affiliated
with. It included questions to evaluate the complexity lev-
els of the complexity categories through the complexity

@ Springer

measures multiplicity, diversity, mutual interdependence,
and dynamics as manifest complexity variables. The mean
of the four measures was applied in the following analyses
as composed measure for complexity. The questions in the
survey applied a Likert scale measuring, e.g., the degree
of frequency of specific actions: “How often do you adjust
your portfolio?” As answers, the participants could choose
from “never,” “occasionally,” “often,” and “always.” Suc-
cess factors were measured and grouped by efficiency and
flexibility to measure a company’s success in service oper-
ations. These factors were then evaluated by a correlation
analysis from which implications for the service portfolio
can be derived. As ordinal data is measured, Spearman’s
correlation analysis was applied to evaluate the influence
of ordinal factors in the study. Spearman’s correlation,
when used with a Likert scale, is usually referred to as
Spearman’s rho. A perfect positive correlation has a value
of 1. This means that “always” occurs every time together.
A perfect negative correlation is represented by a value
of — 1, indicating that an “always” as an answer for one
question results in a “never” for another. A coefficient of
0 indicates no correlation (Kotz et al., 2006). This paper
identifies a strong correlation beginning from the coef-
ficient of 0.5 or higher. A moderate correlation begins at
0.30. Lower coefficients with a minimum value of 0.10
indicate a weak correlation (Cohen, 1988). One Likert
item does not predict the other Likert item’s value. The
answers based on the Likert scale were attributed a num-
ber from O to 3, whereas O is attributed to “never” and 3 is
attributed to “always.”

EEINT3
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Qualitative data analysis and findings
Data collection

The long list of complexity drivers from existing
approaches in literature was extended and validated for
the application field of service offerings via semi-struc-
tured interviews and case studies. The interviews were
conducted with companies from various sectors, including
security solutions, IT services, industrial robots, electronic
payment systems, medical imaging systems, automation
solutions, engineering services, hydraulic and pneumatic
systems, and industrial cleaning technology. The respond-
ents’ profiles included job descriptions such as team lead
customer care, team lead sales and project management
service, chief technology officer (CTO) enterprise business
unit industrial, and product owner digital service. In addi-
tion, case studies were conducted with companies in com-
puter hardware, IT services, online food delivery services,
software solutions, facility management, automotive engi-
neering, electronics and electrical engineering, and auto-
motive services. While manufacturing companies made up
the predominant part of our selected cases, we expanded
the case studies to service-oriented fields beyond the
manufacturing industry to integrate the experience from
companies whose operations are based heavily around ser-
vices. The analyzed company landscape is heterogeneous
and includes large and multinational corporations as well
as medium-sized companies. We conducted our studies
until saturation, where additional investigations did not
add any more insights regarding complexity drivers.

A subsequent focus group with experts from the field of
manufacturing was then conducted to additionally validate
the occurrence of complexity drivers in the specialized
field of industrial services. In addition, the focus group
discussed and approved the success factors of efficiency
and flexibility and the chosen operationalization of these.
The interviewees were managing directors of small and
medium-sized German companies in the mechanical
engineering, metal processing, pharmaceutical, and plant
engineering sectors. The interviewees’ titles ranged from
service program manager to managing director.

Qualitative analysis of drivers of complexity

A total of 146 complexity drivers in the provision of indus-
trial service offerings were identified (Table 2). Of these,
24 were new drivers uncovered as part of the research pro-
ject. Benedettini and Neely’s (2012) research has already
created a comprehensive basis for identifying complexity
drivers for general services, which served as a foundation

for the following concretization for industrial services. The
results of the focus group did not indicate a rejection of the
existing literature on drivers in general service research.
This suggests that the applicability of this research in the
specific area of manufacturing companies providing indus-
trial services remains valid.

Notably, the categories task complexity, complexity of the
external factor, and customer structure comprise the greatest
number of complexity drivers. This indicates a significant
interest in these dimensions in academic literature and prac-
tice. However, it is not possible to determine whether these
categories also have the greatest influence on the complexity
of the service offering. All complexity categories will be
analyzed in more detail as part of the quantitative study in
this paper.

It is important to note that there are still specific driv-
ers in the application field of industrial services that were
identified by the expert interviews and have not yet been
mapped in the existing literature. A significant proportion
of the newly identified drivers relate to international and
project-based working issues, which may be highly relevant
to the provision of industrial services. The driver “Project-
specific specialists must be set up to provide the service.”
within the category employee complexity illustrates that
specific competencies are required for certain projects. This
occurs, for example, when one of the customers operates in
a specialized sector such as the pharmaceutical industry, and
project execution must be adapted accordingly. The drivers
“The international rules and regulations for the provision
of the service differ from the national rules and regula-
tions.”, “The labor law regulations for employees abroad
differ internationally from national law (e.g., when posting
employees abroad).”, “Time shifts occur in the provision of
(international) services.”, “An (international) service partner
network exists for the provision of the service,” and “Service
personnel must be coordinated in international projects.”
refer to potential complexity that may arise when performing
services in international projects outside the home market.

The complexity in industrial services is significantly
influenced by the product-induced complexity inherent in
these services. “The products and services are strongly inter-
connected.” in the category service complexity describes
that the complexity increases when the service is closely
linked to a specific product and cannot be prepared or per-
formed without it. “The products to which the industrial
service refers are complex” refers to the fact that the greater
the complexity of the product, the greater the complexity of
the corresponding industrial services. The material complex-
ity category also includes the driver “The service relates to
third-party products of the OEM business.” This describes
the additional complexity that arises when the service relates
to a product not produced by the company but by a third
party. It should, therefore, be noted that such drivers are

@ Springer
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Table 2 Systematic overview of complexity drivers from literature and qualitative phase

Dimension

Complexity category

Internal/external

Complexity drivers

Literature

Potential

Employee complexity

Site complexity

Material complexity

Technological complexity

Internal

Internal

Internal

Internal

o The company has a high number of hierarchies in
relation to service provision.

o The degree of division of labor/degree of centrali-
zation influences the provision of services.

o Power struggles play a role in the employee base.

e Employees are lacking in social and professional
skills.

o Employees are lacking in motivation and identifica-
tion with company goals.

o Negative emotions exist in the employee base.

o The capacity of employees must be planned to
provide the service.

o The service process requires intensive input of
human labor.

o The input of human labor in the service process is
predominantly intellectual.

o The employees need a certain level of qualifications
to provide the service.

® Project-specific specialists must be set up to pro-
vide the service.*

o Service personnel must be coordinated in interna-
tional projects.*

o The service locations are geographically distributed
for the provision of the service.

o The division of tasks and competencies of the
service locations needs to be coordinated.

o The service is delivered at many different locations
(geographical dispersion of the firm’s domain).

o An (international) service partner network exists
for the provision of the service*

o The service relates to third-party products of the
OEM business.

e The company has a variety of suppliers in terms
of service.

o The service has low commodity content.

o The service requires a variety of inputs.

e The provision of the service involves the use of
shared resources.

o The service requires intensive investments.

o The service material is changing.

o The service material is heterogeneous.

o There is a variety of service material.

o The service material is diverse.

® Physical components must be maintained for the
provision of the service.*

® Parts must be kept in stock to provide the service.*

o The service requires a large number of information
and technology interfaces.

o The service uses new and sophisticated technolo-
gies.

o The service uses rapidly developing technologies.

o The service delivery involves several different
technologies.

o The information systems lack transparency about
processes.*

o Non-standardized data formats are used in the
provision of the service.*

o Piller (2006)
e Bruhn and Blockus (2011)
o Benedettini and Neely (2012)

e Bruhn and Blockus (2011)
o Benedettini and Neely (2012)

o Piller (2006)

e Bruhn and Blockus (2011)

o Benedettini and Neely (2012)
e Grefrath (2015)

o Piller (2006)
o Benedettini and Neely (2012)
e Husmann (2020)
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Table 2 (continued)

Dimension Complexity category Internal/external

Complexity drivers

Literature

Process Complexity in service, support, and External
customer processes

o Information technology used by customers consists
of many different resources.

o The information technology is implemented chaoti-

cally on the customer side.

Innovative service features are developed in col-

laboration with customers.

o The service involves an ongoing interaction
between the customer and the service so that the
customer can make decisions.

o The service requires a high number of interactions
between the service provider and the customer dur-
ing the service delivery process.

o The service involves a high interrelation of activi-
ties taking place between the service provider and
the customer during the service delivery process.

o The service requires the customers to be in the
system for a high percentage of the time it takes to
serve them, i.e., high customer contact.

o The service needs to be carried out cooperatively
with the customers, i.e., high customer involve-
ment.

e The service is delivered in a process that is to be

tightly integrated into the business processes of

customers (industrial services only).

The pricing structure for the service changes

frequently

Customers have a wide range of requirements.

The customer requirements for the service are dif-

ficult to interpret.

o The customer requirements for the service are
subject to change.

e Neu and Brown (2005)

o Piller (2006)

e Bruhn and Blockus (2011)

o Benedettini and Neely (2012)

e Galvani and Bocconcelli (2022)
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Table 2 (continued)

Dimension

Complexity category

Internal/external

Complexity drivers

Literature

Task complexity

Internal

e The decision-making processes for the provision of
services are long.

o Information asymmetries regarding the service
(e.g., about responsibilities or changed service
procedures) exist in the company due to constant
service development.

e Media discontinuities occur at the interfaces during
the provision of the service.

o The service provision processes are characterized

by a strong system of form-based processes.

The type of task coordination influences the provi-

sion of the service.

Divisional egoisms occur in the provision of

services.

Responsibilities are being shifted during service

provision.

o There are many interfaces between the various
service processes (coordination between people
and technologies)

o Unforeseen process deviations/uncertainties can

occur during service provision.

The service is delivered across multiple channels.

e The service incorporates a variety of distinct
knowledge bases, skills, and competencies.

o Operations relative to the service involve a high
number of people.

e The production and delivery system for the service
involves a high number of feedback loops.

o The service involves complicated commercial
arrangements, such as stage payments, penalty
clauses, and performance bonds.

e Management takes responsibility for the entire task
of providing the service through a performance-
based contract.

o The contractual relationship between the service

provider and the customer is highly individual.

A variety of pricing structures are available for

the service, or different pricing structures exist for

different customer groups.

© The service delivers many different functions /

addresses a wide range of customer requirements.

The service delivers sophisticated functions/

addresses sophisticated customer needs.

o A high number of steps are required to produce the
service.

o The service is produced through a high number

of steps.

Highly interrelated steps are required to produce

the service.

e The service is produced through highly interrelated
steps.

o The process of service production may need to
adapt non-routine procedures and methods.

e The service does not rely on established bodies of
knowledge, yet it requires new solutions.

o The provision of the service is based on judgment
as the service involves tacit, as opposed to codifi-
able, information.

o The service can be produced according to a number
of alternative paths.

o The service involves a great deal of specialized
knowledge to undertake the service tasks.

o The steps involved in providing the service are very

diverse.*

The service process is prone to human error.*

Service processes are highly optimized to save

costs.*

o The products to which the industrial service refers
are complex.*

o Piller (2006)

e Bruhn and Blockus (2011)

o Benedettini and Neely (2012)

o Grefrath (2015)

e Galvani and Bocconcelli (2022)
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Table 2 (continued)

Dimension Complexity category Internal/external Complexity drivers Literature
Result Complexity of the external factor External © Material and data flows exchanged between part- ® Schuh (2005)
ners in the service delivery network are affected by e Piller (2006)
uncertainty. o Benedettini and Neely (2012)
e Due to a lack of expertise, cooperation with an o Galvani and Bocconcelli (2022)

external partner is required for service provision
(especially for new technologies)

o The service requires a high degree of customer
knowledge.

o The service is affected by information asymmetry
between the client and the service provider.

o The process of service innovation involves suppli-
ers and customers.

e The service is delivered through a network consist-

ing of a complex web of direct and indirect ties

between various actors, all delivering value either
to their immediate customer or to the end customer.

The delivery network for the service comprises

actors, each of whom might be involved with

multiple other delivery networks, each with their
own demands.

The delivery network for the service involves

different parties that depend on each other to

accomplish their tasks.

o The cost and quality of the service, i.e., the

relationship between input and service output, are

affected by changes in the environment.

Tolerance for the time it takes to produce the

service is low.

o The value network of the service comprises a high
number of actors with which the service provider
has to manage a relationship.

e The service involves conflicts between multiple
stakeholders.

o The service is subject to a pressing regulatory

environment.

There are a large number of interfaces within the

service value chain.

The industry is characterized by a high level of

technical progress, and the technologies that are

used quickly become obsolete.*

When providing the service, it is mandatory to work

together with various institutions (e.g., BaFin).*

o The international rules and regulations for the

provision of the service differ from the national

rules and regulations.*

The labor law regulations for employees abroad

differ internationally from national law (e.g. when

posting employees abroad).*

o Time shifts occur in the provision of (international)

services.*
Service program complexity Internal o The service portfolio is offered internationally. e Schuh (2005)

o Technically appealing products/services are created e Neu and Brown (2005)
without any prior consideration. e Bohmann and Krcmar (2006)

o The company uses services to differentiate itself o Piller (2006)
from competitors. e Bruhn and Blockus (2011)

o The company individualizes services to satisfy o Benedettini and Neely (2012)
customer feedback. e Wildemann (2017)

e The service is new. e Husmann (2020)

o The service is offered according to many differenti-

ated options.

The service has a short life cycle.

The service has a high risk of obsolescence.

The service organization offers many different

services.

o The service is regularly adapted to fulfill the cus-
tomer’s demand for the latest technologies.*

o The company wants to gain further market share as
a full-service provider.*

o The range of services is highly diversified.*
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Table 2 (continued)

Dimension Complexity category

Internal/external

Complexity drivers

Literature

Service complexity

Customer structure complexity

Internal

External

o The services are individualized to the customer.
o Services are expanded non-transparently and at
will.

the customer offering are bundled.

The service is highly individual.

The outcome of the service is difficult to predict.

The outcome of the service is difficult to monitor.

The service entails some innovation that is per-

ceived as being difficult to understand and use.

o The service is offered according to sophisticated
options, e.g., with the purchase of new technology
and more advanced infrastructure.

o The service is difficult to provide in a cost-effective

and efficient manner.

The service has a high cost.

The service contains a high number of sub-

services.

o The service contains very heterogeneous sub-
services.

o The service contains highly interrelated sub-
services.

o The service is delivered through assembling sub-
services offered by a pool of seller candidates,
which provide complementary as well as substitu-
tive services.

o The products and services are strongly intercon-
nected.*

e The company is experiencing strong international

competitive pressure regarding services.

The service is infrequently purchased.

The market for the service is highly competitive.

The company’s customers are international.

Customers demand individualization of the service.

The market for the service is very dynamic.

The company has a high number of customers.

The customers’ international markets have diverse

specific characteristics.

o Individual, cross-industry, and cross-border busi-
ness models of business customers are changing
rapidly

o The service is offered to many different groups of
customers (heterogeneity of the firm’s domain).

o The needs and wants for the service are very het-

erogeneous among the firm’s customers.

The timing and level of customer demand for the

service are uncertain.

The customers tend to look for new offerings for

the service all the time.

o The customer will purchase the service based on
credence qualities, i.e., supplier reputation and
relationship with the supplier.

o The service is difficult to understand for the
customers.

o A large amount of information is needed to specify

the attributes of the service in enough detail to

allow potential buyers to make a selection.

The customers lack the technical knowledge to

evaluate the service.

o The service is used to outsource individual

corporate strategies to the service provider (e.g.,

emission or cost savings)*

Services are provided to fulfill the requirements of

the market. *

o Services are needed to remain competitive in the
market.*

o The products relating to the industrial service are
very diverse among customers.*

Several individually customized service elements in

o Schuh (2005)

e Neu and Brown (2005)

e Bohmann and Krcmar (2006)

e Bruhn and Blockus (2011)

o Benedettini and Neely (2012)

o Grefrath (2015)

e Galvani and Bocconcelli (2022)

e Neu and Brown (2005)

e Schuh (2005)

o Piller (2006)

e Bruhn and Blockus (2011)

o Benedettini and Neely (2012)
e Grefrath (2015)

e Wildemann (2017)

*Newly identified in expert interviews
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specific to industrial services and have not yet been suffi-
ciently represented in the literature.

Other drivers worth mentioning include, e.g., “The ser-
vice is regularly adapted to fulfill the customer’s demand
for the latest technologies.” or “The international rules and
regulations for the provision of the service differ from the
national rules and regulations.” However, regarding the reg-
ulation aspect, it was noted that this can also be a complex-
ity-reducing factor as it might help standardize interfaces.

A comprehensive catalog of complexity drivers has now
been created to support companies in defining measures
for complexity management. However, this step has not yet
defined the extent to which these complexity dimensions and
categories have the greatest empirical influence on compa-
nies and which of the derived measures have the greatest
impact.

Operationalization of success factors

Eight questions were developed to operationalize the success
factors of flexibility and efficiency for the subsequent survey.
These were validated in conjunction with the focus group.
The efficiency factor was represented by questions around
statements such as “The effort required to prepare a service
is high for a new customer.” This statement is designed to
measure the amount of effort required to onboard a new cus-
tomer. A high level of effort may indicate inefficiencies in
the initial preparation process of complex services, suggest-
ing potential areas for improvement in customer onboard-
ing procedures. “There are often quality deficiencies due to
deviations in the provision process”: This measures the fre-
quency and impact of deviations from standard procedures
that result in quality issues. Due to complex processes, fre-
quent deficiencies may suggest inefficiencies in maintaining
consistent service quality. The question around the statement
“The documentation after the service has been provided
takes a long time” refers to the time required to complete the
necessary follow-up and documentation after a service has
been provided. Long documentation times may indicate inef-
ficient processes caused by complexity in the service. “The
customer’s case is recorded in detail in advance” examines
the thoroughness and detail of the information gathered in
advance about the client’s case. A detailed collection may
allow for efficient delivery of the services to the client’s
specific needs, whereas complex services can hinder this
process.

The flexibility factor was represented by questions around
statements such as “We have a large pool of staff available to
handle inquiries on call.” This question aims to capture the
availability and flexibility of personnel to respond to short-
notice requests. A large and flexible workforce may indicate
high flexibility, whereas complexity can be a hindrance in
this context. Similarly, “We cannot serve customers due

to staff shortages or similar” indicates the impact of staff
shortages on the ability to serve customers. Frequent bot-
tlenecks due to staff shortages may suggest low flexibility
due to complexity. The question around the statement “We
find it difficult to bill our services” captures difficulties in
the service billing process. Issues in billing may indicate
a lack of flexibility caused by complex processes. Finally,
“We cannot serve customers as we do not specialize in their
sector or similar” examines the ability to serve clients from
various industries. Issues in this area may suggest a lack of
flexibility in processes, which may be complex due to a high
degree of specialization.

Quantitative data analysis and findings
Survey demographics

The survey was conducted with 59 respondents. The
respondents’ roles within their companies are predominantly
in senior management positions, with 21 participants from
the management/board of directors, 19 from division or
department management, and 14 from team or project man-
agement. This ensures that the survey results are influenced
by those with significant managerial and strategic respon-
sibilities. The industrial and mechanical engineering sector
is most strongly represented, with 28 participants. This is
followed by the automotive industry with 12 participants
and the pharmaceuticals and medical technology sector with
8 participants.

The companies participating in the survey represent
various sizes, locations, and revenues. Regarding employee
numbers, 20 companies have more than 5,000 employees,
while 17 have only up to 10 employees. This provides a
diverse representation of both large and small companies.
Furthermore, 23 companies operate in more than 11 loca-
tions, while 21 are based in one location. This further high-
lights the diversity of respondents. Regarding international
presence, 28 companies operate in more than 20 countries,
indicating a significant global footprint among the respond-
ents. Conversely, 17 companies are focused on operations
within a single country.

Most companies have been in business for more than
20 years, demonstrating a strong presence of established
companies in the survey. However, there is also representa-
tion from newer companies, some of which have been in
business for less than a year. This suggests a mix of expe-
rienced companies and emerging players in the market.
The annual revenue figures also reflect this diversity, with
25 companies reporting revenues of more than €500 mil-
lion and eight companies reporting revenues of less than
€0.5 million. This spread across revenue levels underscores
the varying economic size of the participating companies.

@ Springer



30 Page 14 of 23

Electronic Markets (2025) 35:30

The comprehensive survey demographics can be found in
Appendix.

Correlation between internal and external
complexity and success factors

The influencing factors are presented at different levels of
granularity to guide the assessment. The complexity factors
can be divided into internal and external factors according to
the extent to which the company can influence them. There-
fore, the correlation between these and the success factors
of efficiency and flexibility is analyzed below. The results of
the correlation analysis are shown in Table 3.

The correlation analysis shows that internal and external
complexity factors have noteworthy correlations with the
success factors. Internal complexity correlates more strongly
with efficiency (0.45) than flexibility (0.09). Similarly, exter-
nal complexity shows a moderate correlation with efficiency
(0.45) and a weak correlation with flexibility (0.16). It can
be seen that both complexity factors show similar correla-
tions with the success factors, and neither one dominates.

A moderate correlation (0.32) can be seen when analyz-
ing the correlations between internal and external complex-
ity. This indicates that companies confronted with internal
complexity factors also tend to experience external com-
plexity factors. This correlation may suggest that complex
internal structures and processes can make a company more
susceptible to external challenges or that companies operat-
ing in complex external environments have more complex
internal structures.

Correlation analysis of the complexity dimensions
and success factors

The complexity dimensions of Bruhn and Blockus (2011)
are analyzed with regard to their influence on the success
factors of flexibility and efficiency. This serves as an initial
overview on a higher abstraction level before the individual
complexity categories are analyzed in more detail. The cor-
responding correlation analysis is shown in Table 4.

The correlation analysis shows relevant correlations
between the overarching complexity dimensions and the

Table 3 Correlation between internal and external complexity and
success factors

Internal ~ External  Flexibility Efficiency
complex- complex-
ity ity

Internal complexity 1.00

External complexity 0.32 1.00

Flexibility 0.09 0.16 1.00

Efficiency 0.45 0.45 0.28 1.00

@ Springer

Table 4 Correlation of the complexity dimensions and success fac-
tors of industrial service offerings

Potential Process Outcome Flexibility Efficiency

Potential 1.00

Process 0.52 1.00

Result 0.54 0.38 1.00

Flexibility 0.16 0.33 0.01 1.00

Efficiency 0.52 0.65 0.28 0.28 1.00

success factors of flexibility and efficiency. The potential
dimension correlates strongly with efficiency (0.52), while
the correlation with flexibility is weak (0.16). The process
dimension shows a stronger correlation with both success
factors. The correlation with flexibility is 0.33, and with effi-
ciency, 0.65. The result dimension shows a weak correlation
with flexibility (0.01) and a moderately weak correlation
with efficiency (0.28).

Analyzing the correlations between the complexity
dimensions themselves shows several relevant correla-
tions. The correlation between the potential and process
dimensions is 0.52, which indicates a strong correlation
between the two dimensions. A strong correlation can also
be observed between potential and result (0.54). The process
and result dimensions correlate moderately (0.38). Overall,
the dimensions show moderate to strong correlations with
each other, indicating that an improvement in one dimen-
sion could also positively impact the other dimensions. In
addition, similar to the classification of complexity drivers,
it could be shown that the dimensions by Bruhn and Blockus
(2011) are not clearly separated from each other and show
overlaps.

Correlation analysis between complexity categories
and success factors

At the highest level of granularity, the subordinate complex-
ity categories are correlated with the success factors of effi-
ciency and flexibility. The results of the correlation analysis
are shown in Table 5.

Within the potential dimension, there is a relevant cor-
relation between technological complexity (0.34) and, to a
lesser extent, material complexity (0.29) and efficiency. In
contrast, the correlation with employee complexity (0.21) or
site complexity (—0.01) is only weakly pronounced or even
negative. Meanwhile, all complexity categories within the
process dimension are strongly correlated with efficiency.
The strongest correlation is between efficiency and task com-
plexity (0.61). In addition, complexity in service, support,
and customer processes shows a moderate correlation with
efficiency, with a coefficient of 0.48. Finally, the complexity
of the external factor also shows a moderate correlation with
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efficiency (0.33). In the results dimension, a moderate cor-
relation can be found between service program complexity
(0.49) and service complexity (0.35). Customer structure
complexity only shows a weak correlation with 0.11.

The correlations between complexity categories and suc-
cess factor flexibility show a different picture. Notably, most
complexity categories show only very low or even negative
correlations with flexibility. Only task complexity from the
process dimension indicates a moderate correlation with
flexibility (0.38). In the results dimension, service program
complexity (0.14), service complexity (0.08), and customer
structure complexity (0.08) only show weak correlations
with flexibility. Within the complexity categories analyzed,
several factors show no or a negative correlation with flex-
ibility. These include the employee complexity (—0.06), site
complexity (—0.10), and technological complexity (0.00)
from the potential dimension.

The correlations between the complexity categories show
various relationships. The strong correlation between service
program complexity and service complexity (0.63) is par-
ticularly striking. There is also a strong correlation between
service program complexity and task complexity (0.59). Fur-
thermore, task complexity and complexity in service, sup-
port, and customer processes also strongly correlate (0.51).
Further relevant positive correlations can be found between
material complexity and technological complexity (0.50)
and task complexity and service complexity (0.45). This
leads to the conclusion that the aforementioned complexity
categories generally occur together or that the complexity
categories cannot be clearly distinguished from one another.

Correlations between the measures of complexity
and success factors

This study utilizes the mean of multiplicity, diversity,
dynamics, and mutual interdependence as complexity meas-
ures (Braun & Hadwich, 2016) as composed complexity
value. We now analyzed the correlations of these four meas-
ures with flexibility and efficiency on a granular level. The
correlation analysis in Table 6 presents a correlation matrix
of these complexity measures, flexibility, and efficiency.

The correlation analysis indicates that various complexity
measures positively correlate with flexibility and efficiency.
For efficiency, strong correlations appear with multiplicity
(0.56) and dynamics (0.50), while diversity shows a mod-
erately strong correlation (0.49). Mutual interdependence
only demonstrates a weak correlation (0.24). In contrast,
correlations between flexibility and complexity measures are
generally weaker. Specifically, flexibility has a weak correla-
tion with only multiplicity (0.28) and minimal correlations
with diversity (0.16), dynamics (0.09), and mutual interde-
pendence (0.02). This analysis highlights that multiplicity,
followed by diversity and dynamics, holds the greatest rel-
evance for both success factors, while mutual interdepend-
ence demonstrates low relevance.

An analysis of the measures among themselves reveals
that multiplicity and diversity exhibit a strong correlation
(0.68). Multiplicity also shows a strong correlation with
dynamics (0.55) and a weak correlation with mutual inter-
dependence (0.24). Similarly, diversity correlates strongly
with dynamics (0.64) but has a weak correlation with mutual
interdependence (0.27). Finally, dynamics displays a moder-
ate correlation with mutual interdependence (0.32). These
correlations among the measures suggest that various facets
of complexity in industrial service offerings are intercon-
nected and should not be regarded as entirely independent.
This interconnectedness may indicate that these measures
represent different manifestations of complexity occurring
simultaneously.

Implications of the findings

Correlations of complexity categories with flexibility
and efficiency

When manufacturing companies follow the path of serviti-
zation by introducing and expanding their service portfolio,
they encounter various types of complexity. The correla-
tion analysis shows correlations of complexity categories,
for the most part, with efficiency. There exists only one
noteworthy correlation between complexity categories and
flexibility, which is task complexity (0.38). This result does

Table 6 Correlation between
the complexity measures and

Multiplicity  Diversity Dynamics

Mutual inter- Flexibility Efficiency

dependence
success factors
Multiplicity 1.00
Diversity 0.68 1.00
Dynamics 0.55 0.64 1.00
Mutual interdependence  0.24 0.27 0.32 1.00
Flexibility 0.28 0.16 0.09 0.02 1.00
Efficiency 0.56 0.49 0.50 0.24 0.28 1.00
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not directly align with the existing literature or our results
from the qualitative part of this study. Especially the char-
acteristic of services to be simultaneously performed and
consumed indicates that there may be a relation between
flexibility and complexity categories of the process dimen-
sion of service provision. This leads to the conclusion that
there might be other factors of flexibility that have not been
within the scope of the questionnaire. Since the success
factors have been empirically validated in phase 1 of the
study, we conclude that our sample of the qualitative part
of the study might benefit from further investigations into
measures of flexibility for the application field of service
offerings.

The correlation analysis shows several moderate or mod-
erately strong relations between complexity categories. The
most prominent levers to interact with complexity seem to
be in the service delivery process and its intended results.
This might reflect the relative novelty of providing services
for manufacturing companies, which may lead to compa-
nies not having the most advanced processes established
in their organization and may require process streamlin-
ing and standardization. This becomes most prevalent in
the categories task complexity (0.61), complexity of the
external factor (0.33), and complexity in service, support,
and customer processes (0.48), which are all part of the
process dimension (see Table 3). For task complexity, the
qualitative part of the study yielded the internal complex-
ity driver “The steps involved in providing the service are
very diverse,” which underlines the challenge of process
inefficiencies affecting service delivery. Task complexity
of the service delivery may also stem from a product on
which the service is performed, as shown in the complex-
ity driver “The products to which the industrial services
refer are complex.” The complexity category complexity
of the external factor is moderately correlated with effi-
ciency. This correlation aligns with the workshops and
interviews conducted in phase 1. Experts pointed out that
the national rules and regulations that must be abided by a
company when it performs a service internationally intro-
duced inefficiencies in the service provision. This point is
reflected, for example, in the complexity driver “The labor
law regulations for employees abroad differ internationally
from national law (e.g., when posting employees abroad).”
Lastly, complexity in service, customer, and support pro-
cesses strongly correlates with efficiency. This may be due
to a high level of customer involvement in the service deliv-
ery, which in turn causes alterations in the delivery process.
The last two correlations show that companies in the short
term may not be in control of all complexity drivers, which
nonetheless influence the success of the service offering.
Strategic decisions on which markets to serve may help alter
the external factor’s complexity levels. The conception of
the value proposition may help reduce the level of needed

customer involvement. These examples show how external
complexity categories may differ from internal complexity
categories in the conditions companies must adhere to when
influencing them.

As shown in Table 5, the result dimension holds cor-
relations of efficiency with both service program complex-
ity (0.49) and service complexity (0.35). Service program
complexity addresses the service portfolio of a company.
The complexity level of a service portfolio is subject to
complexity drivers like “Technically appealing products/
services are created without any prior consideration.”,
and “The range of services is highly diversified.” Both
of these complexity drivers may be created by a com-
pany that opens a new business field, like service offer-
ings without a clear portfolio strategy, or a company that
tries to expand market share by adding service variants
wherever possible. This increases the number and diver-
sity of the services provided by the company and expands
the service portfolio. This leads to less efficient service
provision, i.e., increasing the time it takes to conduct the
service and calculate the service fee. The second category,
service complexity, is inter alia related to the integrating
of several sub-services into one offering, as described in
the complexity driver “Several, individually customized
service elements in the customer offering are bundled.”
This bundling may again lead to inefficiencies by increas-
ing the time-of-service delivery and calculation. Both
complexity categories express internal complexity that a
company may directly influence. Both instances may ben-
efit from standardization and modularization approaches,
as they allow the reduction of internal complexity needed
to address a certain external complexity. Both complexity
categories, therefore, may present useful levers to address
complexity in service offerings.

Lastly, the potential dimension holds two complexity
categories with a moderately weak to moderate correla-
tion to efficiency (see Table 5). Material complexity (0.29)
addresses the physical materials necessary for the service
provision, as stated, e.g., in the complexity driver, “Parts
must be kept in stock to provide the service.” Keeping parts
in stock for service provision plays a relevant role in effi-
ciency, as warehousing and distribution of the right part to
the place of service provision may increase costs, adminis-
tration efforts, and documentation. Especially the subsequent
introduction of services to products that are already in the
market may affect the efforts to provide needed materials for
the service since adaptations to optimize efficiency in mate-
rial use may not have been thought of during the conception
of the products. This may be exacerbated in the case of a
non-standardized and non-modularized product portfolio.
Again, this may lead to the conclusion that standardiza-
tion and modularization efforts might be a valuable lever
to increase service efficiency. The complexity category of
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technological complexity also shows a relation to efficiency
(0.34). Technological complexity comprises complexity
drivers like “The information systems lack transparency
about processes.” The shortage of information regarding
the service process itself and the missing information on
the progress of the service provision may prolong the work
on the customer’s site and may hinder operations decisions.
The delivery effort may be misjudged due to missing trans-
parency about the necessary process steps, so timeliness
and efficiency are at stake. Well-integrated technology may
reduce documentation efforts, which in turn may increase
efficiency. The complexity driver regarding missing stand-
ardization of data formats along the process of service

provision may hinder data analytics and might, therefore,
represent a relevant lever for companies.

The emergence of clusters of complexity categories
and success factors

The results of the correlation analysis show that a significant
number of the complexity categories exhibit a high degree of
intercorrelation with each other and with the defined success
factors. These relationships are illustrated in Fig. 2, which
provides a further visual representation of the correlations
between the various complexity categories and the success
factors.

Correlations lower than 0.25 are not displayed

——  Weak correlation O Potential dimension

—— Moderate correlation Q Process dimension

. Result dimension

O Success factor

= Strong correlation

*: External complexity

Number Corresponding complexity category Number Corresponding complexity category
. Complexity of the external factor
%

1 Employee complexity Vil (external)

II Site complexity VIl Service program complexity

1 Material complexity IX Service complexity
v Technological complexity X* Customer structure complexity (external)
v+ Complexity in service, support, and X7 Flexibility

customer processes (external)

VI Task complexity X1 Efficiency

Fig.2 Network diagram of complexity categories and success factors organized by complexity dimensions and internality/externality
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A central cluster emerges between the categories of
service program complexity, material complexity, tech-
nological complexity, complexity in service, support
and customer processes, and the success factor effi-
ciency, which are closely linked. Service complexity and
employee complexity also show a noteworthy degree of
interconnectedness with the other categories, while flex-
ibility, site complexity, and customer structure complexity
show only a low degree of interconnectedness and appear
isolated.

Given these findings, future complexity management
measures should prioritize the identified central cluster to
leverage the interactions between the different complexity
categories. By focusing on these interrelated dimensions,
companies can develop more targeted strategies to man-
age complexity and enhance efficiency in their service
offerings. Furthermore, the high degree of intercorrela-
tion between the complexity categories indicates poten-
tial overlap and a lack of discriminatory power within
the framework proposed by Bruhn and Blockus (2011).
While a certain level of intercorrelation between the dif-
ferent dimensions is to be expected, further refinement
may be required to ensure clearer distinctions between
the categories. This could involve redefining some dimen-
sions or introducing new categories to better capture the
complexity of industrial service offerings.

Comparison of internal and external complexity

The correlations of internal and external complexity with
the success factors confirm the assumption based on the
literature that both characteristics are relevant for compa-
nies. Companies can directly influence internal complex-
ity through targeted complexity management and achieve
positive effects in terms of efficiency and flexibility. How-
ever, external factors that lie outside the company’s sphere
of influence can also have an impact on the company’s
success. Therefore, it is also up to companies to influence
these external factors through a long-term and strategic
definition of their business areas (e.g., selection of cus-
tomer segments).

The analysis of the complexity categories at the com-
plexity category level shows that the central cluster of
complexity categories consists mainly of internal com-
plexity categories (Fig. 2). Only complexity in service,
support, and customer processes is included here as an
external factor. This indicates that the central cluster can
be a promising starting point for complexity management,
as the company itself can influence these complexity cat-
egories. Nevertheless, it is advisable not to neglect the
external factors, which have relevant correlations with
efficiency.

Conclusion and further research
Theoretical contributions

Managing and identifying complexity is vital to successful ser-
vice operations. This paper investigates and categorizes com-
plexity drivers and explores the relevance of the complexity
categories through their interrelations to efficiency and flex-
ibility. We provide an overview of complexity drivers from
the literature, which is validated and extended to fit the field of
service offerings by manufacturing companies. The categoriza-
tion of complexity drivers into complexity categories helps to
situate them along the three dimensions of service provision.
A differentiation between internality and externality allows
companies to evaluate the degree of influence they can exert
on them. This study provides two theoretical contributions to
extend the literature on service complexity by adding to the
service complexity framework by Bruhn and Blockus (2011).

The service complexity framework by Bruhn and Blockus
(2011) structures complexity in service offerings in three
dimensions with a total of ten underlying complexity catego-
ries. Each complexity category is supplemented with com-
plexity drivers, for which the authors provide examples. Our
study combines existing literature and empirical evidence in
order to add to the service complexity framework by investi-
gating complexity drivers of service offerings and subordi-
nating them to the complexity categories in the framework.

We further examine the interrelationships of service com-
plexity categories from the service complexity framework by
Bruhn and Blockus (2011) with the efficiency and flexibility
of service operations. Our study shows that all moderate
and strong correlations of complexity categories with effi-
ciency or flexibility are positive. This finding suggests that
for all complexity categories with moderate or high values,
higher levels of complexity indicate higher values in our
measures for corresponding efficiency and flexibility. Higher
measures for efficiency or flexibility indicate that compa-
nies are increasingly challenged in offering their service in
an efficient or flexible way. Our findings, therefore, support
the relevance of the complexity categories from the ser-
vice complexity framework by Bruhn and Blockus (2011).
Strong correlations also indicate the complexity categories
that have the highest interdependencies with flexibility and
efficiency. Those complexity categories might, therefore, be
the focus of complexity management activities. We further
identify that “complexity in service, support, and customer
processes,” “task complexity,” and “service program com-
plexity” have strong correlations with the efficiency of the
service offering. These correlations indicate that out of all
ten complexity categories of the framework by Bruhn and
Blockus (2011), these three complexity categories might
play a prominent role.
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Managerial contributions

Our study has two implications for managers in service-
oriented B2B companies. The way a company deals with
service complexity poses a relevant lever for service success.
To that end, managers need to identify possible complexity
drivers of their service operations and address them in their
actions. Our first managerial contribution is to provide a list
of complexity drivers that may be applied as a checklist to
better identify complexity in service operations. This check-
list consolidates the existing works by Benedettini and Neely
(2012), Galvani and Bocconcelli (2022), and other authors,
who provide complexity drivers in service operations. The
arrangement of complexity drivers into complexity catego-
ries provides action fields from which managers can evaluate
and address complexity in their service offerings.

As discussed in complexity literature, not all types of
complexity can be influenced by a company. Our second
managerial contribution is, therefore, the application of the
internal/external complexity framework (Bliss, 2000; Picot
& Freudenberg, 1998; Vogel & Lasch, 2016; Wildemann &
Voigt, 2011) to the service complexity framework by Bruhn
and Blockus (2011). While each complexity category in the
framework constitutes a cause of complexity to a company,
not all of these categories can be directly influenced by it. The
differentiation of internal from external complexity catego-
ries yields action fields for managers to address complexity.
We suggest that measures to counteract complexity in service
operations should be focused on the internal complexity cat-
egories of task complexity and service program complexity.
While external complexity categories also play a relevant role
in the complexity of a service offering, we suggest that these
categories should be addressed with a long-term perspective.

Limitations and further research

The results of our study reveal only one moderate to strong
correlation between a complexity category and flexibility. Lit-
erature, as well as our empirical results from the first phase,
suggest that flexibility plays a highly relevant role in service
success and is interconnected with the complexity of service
operations. Therefore, we initially expected that the results
would show multiple moderate or strong correlations between
flexibility and various complexity categories. This discrepancy
may stem from limitations in how flexibility was measured
in our study. We recommend further research to explore and
refine the operationalization of flexibility in service offerings.

Further research may also carry out detailed investiga-
tions on the three complexity categories “complexity in ser-
vice, support, and customer processes,” “task complexity,”’
and “service program complexity,” which showed strong
correlations with efficiency. These investigations might

@ Springer

help quantify complexity in these categories or address the
relevance of complexity drivers within each complexity cat-
egory. It might be valuable to bring the results of this study
together with quantitative approaches to complexity meas-
urement, e.g., from Riesener et al. (2019) or Schuh et al.
(2019). For example, the measure of homogeneity of an
industrial service portfolio from Riesener et al. (2019) might
be strongly related to the service program complexity. Thus,
the possible influence of complexity could also be assessed
by the quantitative properties of the service portfolio.

The results of our study provide a basis for the manage-
ment of complexity. Efforts might be best focused on internal
complexity categories with strong correlations to efficiency
or flexibility. Further research should develop concrete
mechanisms and best practices to deal with complexity and
then validate them with respect to manufacturing companies.
For example, Kapoor et al. (2022) state that manufacturing
companies suffering from broad service portfolios, complex
customer structures, and complicated products prefer modu-
larization approaches in their service offerings. The issues
addressed are directly related to task complexity, service
complexity, and service program complexity, which have a
mediocre or strong correlation with efficiency.

Furthermore, the design of the development processes for
interconnected services and products presents a major lever for
successful service offerings, as is shown by several complex-
ity drivers in the list. A harmonized development process that
improves the coordination between both development processes
might reduce complexity as design decisions could be taken
from a more holistic standpoint. This challenge is particularly
pronounced for smart services, where strong interdependencies
with physical products further intensify complexity.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12525-025-00769-9.

Acknowledgements The authors would like to acknowledge the AiF
Arbeitsgemeinschaft industrieller Forschungsvereinigungen “Otto
von Guericke” e.V., which supports and enables the research project
“KomiD — Komplexitdtsmanagement industrieller Dienstleistungssys-
teme.” The paper was elaborated on within this research project.

Funding Open Access funding enabled and organized by Projekt
DEAL. AiF Projekt, 22297 N

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://doi.org/10.1007/s12525-025-00769-9
http://creativecommons.org/licenses/by/4.0/

Electronic Markets (2025) 35:30

Page210f23 30

References

Alt, R. (2021). Electronic Markets on platform complexity. Elec-
tronic Markets, 31(4), 737-742. https://doi.org/10.1007/
$12525-021-00517-9

Arpe, J. (2012). Die Globalisierung und ihre Komplexitdt: Heraus-
forderungen fiir die Grundlagen wirtschaftlicher Entscheidungen
(1st ed.). Bertelsmann Stiftung. Retrieved February 24, 2025,
from https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/
Publikationen/GrauePublikationen/Die_Globalisierung_und_
ihre_Komplexitaet-de_ST-NW.pdf

Barile, S., & Polese, F. (2010). Smart service systems and viable ser-
vice systems: Applying systems theory to service science. Service
Science, 2(1-2), 21-40. https://doi.org/10.1287/serv.2.1_2.21

Benedettini, O., & Neely, A. (2012). Complexity in services: An inter-
pretative framework. In 23rd Annual Conference of the Production
and Operations Management Society (POMS) (pp. 1-11).

Binckebanck, L., spsampsps Lange, J. (2020). Komplexitdtsmanage-
ment als Fithrungsaufgabe im Vertrieb. In L. Binckebanck, A.-K.
Holter, spsampsps A. Tiffert (Eds.), Fiihrung Von Vertriebsor-
ganisationen. Edition Sales Excellence (2nd ed., pp. 51-74).
Springer Fachmedien Wiesbaden GmbH. https://doi.org/10.1007/
978-3-658-26727-8_3

Bliss, C. (2000). Management Von Komplexitdt: Ein Integrierter, Sys-
temtheoretischer Ansatz zur Komplexitditsreduktion. Gabler Ver-
lag. https://doi.org/10.1007/978-3-663-10720-03

Bohmann, T., spsampsps Kremar, H. (2006). Komplexitidtsmanage-
ment als Herausforderung hybrider Wertschopfung im Netzwerk.
In F. Wojda, A. Barth (Eds.), Innovative Kooperationsnetzwerke
(1Ist ed., pp. 81-105). Dt. Univ.-Verl. https://doi.org/10.1007/
978-3-8350-9307-2_3

Braun, C. (2015). Komplexitdit interner Dienstleistungen: Konzep-
tualisierung. Messung und Integration in ein Wirkungsmodell.
Springer Fachmedien Wiesbaden.

Braun, C., & Hadwich, K. (2016). Complexity of internal services:
Scale development and validation. Journal of Business Research,
69(9), 3508-3522. https://doi.org/10.1016/j.jbusres.2016.01.035

Bruhn, M. & Blockus, M.-O. (2011). Komplexitit und Produktivitit bei
Dienstleistungen. In M. Bruhn (Ed.), Dienstleistungsproduktivitdt
(1sted., pp. 59-89). Gabler.

Bruhn, M. spsampsps Hadwich, K. (2017). Dienstleistungen 4.0 —
Erscheinungsformen, Transformationsprozesse und Manage-
mentimplikationen. In M. Bruhn spsampsps K. Hadwich (Eds.),
Dienstleistungen 4.0 (1st ed., pp. 1-39). Springer Gabler. https://
doi.org/10.1007/978-3-658-17550-4_1

Bruhn, M., & Meffert, H. (2012). Handbuch Dienstleistungsmarketing.
Zeitschrift Fiir Betriebswirtschaft, 82(10), 1147-1148. https://doi.
org/10.1007/s11573-012-0619-3

Bruhn, M., & Schmidt, I. (2009). Komplexitiat Bei Dienstleistungen.
WWZ-Forschungsbericht, 09(06), 1-20.

Buchmiiller, M. (2019). Anstieg der Modularisierungsbedeutung aufgr-
und der Gesichtspunkte Vielfalt und Komplexitit sowie die Grenzen
und Potentiale der Produktmodularisierung im Kontext zu anderen
bestehenden Methoden. In M. Buchmiiller (Ed.), Nachhaltigkeit
und Produktmodularisierung. (1st ed., pp. 33—66). Springer Fach-
medien Wiesbaden. https://doi.org/10.1007/978-3-658-28255-4_3

Ciasullo, M. V., Polese, F., Montera, R., & Carrubbo, L. (2021). A digi-
tal servitization framework for viable manufacturing companies.
Journal of Business & Industrial Marketing, 36(13), 142-160.
https://doi.org/10.1108/JBIM-07-2020-0349

Cohen, J. (1988). Statistical power analysis for the behavioral sciences
(2nd ed.). Lawrence Erlbaum Associates.

Corsten, H., & Gossinger, R. (2003). Flexibilitditsorientierte Produktion-
splanung und -steuerung auf der Grundlage der opportunistischen
Koordinierung — Entwurf eines Rahmenkonzeptes. Gabler Verlag.

Dreyer, S., Olivotti, D., Lebek, B., & Breitner, M. H. (2019). Focusing
the customer through smart services: A literature review. Electronic
Markets, 29(1), 55-78. https://doi.org/10.1007/s12525-019-00328-z

Ehrlenspiel, K., & Meerkamm, H. (2017). Integrierte Produktentwick-
lung: Denkabldufe, Methodeneinsatz, Zusammenarbeit (6., voll-
stindig tiberarbeitete und erweiterte Auflage). Hanser.

Elmaraghy, H., Schuh, G., Piller, F., Schonsleben, P., Tseng, M., Ber-
nard, A., & Elmaraghy, W. (2013). Product variety management.
CIRP Annals, 62, 629.

Feversani, D. P., de Castro, V., Marcos, E., Piattini, M. G., & Martin-
Pena, M. L. (2023). Towards a lightweight framework for ser-
vice management evaluation in SMEs. Information Systems and
E-Business Management, 21(1), 81-122. https://doi.org/10.1007/
$10257-022-00576-1

Galvani, S., & Bocconcelli, R. (2022). Intra- and inter-organizational
tensions of a digital servitization strategy. Evidence from the
mechatronic sector in Italy. Journal of Business & Industrial Mar-
keting, 37(13), 1-18. https://doi.org/10.1108/JBIM-03-2021-0183

GieBmann, M. (2010). Komplexititsmanagement in der Logistik:
Kausalanalytische Untersuchung zum Einfluss der Beschaffung-
skomplexitdt auf den Logistikerfolg. Zugl.: Dresden, Techn. Univ.,
Fak. Wirtschaftswissenschaften, Diss., 2010 (1. Aufl.). EUL Verl.

Given, L. M. (2008). The Sage encyclopedia of qualitative research
methods. Sage Publications.

Gopfert, J., & Steinbrecher, M. (2000). Modulare Produktentwicklung
leistet mehr. Harvard Business Manager, 22(3), 20-31.

Grefrath, C. T. (2015). Heuristik zur Ermittlung der Komplexitdtskos-
ten industrieller Dienstleistungen. Apprimus-Verl.

Gummesson, E., Mele, C., & Polese, F. (2019). Complexity and viabil-
ity in service ecosystems. Marketing Theory, 19(1), 3-7. https://
doi.org/10.1177/1470593118774201

Herterich, M. M., Uebernickel, F., & Brenner, W. (2015). The impact
of cyber-physical systems on industrial services in manufactur-
ing. Procedia CIRP, 30, 323-328. https://doi.org/10.1016/j.procir.
2015.02.110

Hilke, W. (1984). Dienstleistungs-Marketing aus der Sicher
der Wissenschaft. Betriebswirtschaftliches Seminar der
Albert-Ludwigs-Universitét.

Holland, J. H. (2006). Studying complex adaptive systems. Journal of
Systems Science and Complexity, 19(1), 1-8. https://doi.org/10.
1007/s11424-006-0001-z

Husmann, M. (2020). Erfolgsfaktoren bei der Markteinfiihrung von
datenbasierten Dienstleistungen im Maschinen- und Anlagenbau
(1. Apprimus Verlag.

Jager, J., Schollhammer, O., Lickefett, M., & Bauernhansl, T. (2016).
Advanced complexity management strategic recommendations of
handling the “Industrie 4.0” complexity for small and medium
enterprises. Procedia CIRP, 57, 116-121. https://doi.org/10.
1016/j.procir.2016.11.021

Jin, B., & Xu, X. (2024a). Machine learning predictions of regional
steel price indices for east China. Ironmaking & Steelmaking,
0(0). https://doi.org/10.1177/03019233241254891

Jin, B., & Xu, X. (2024b). Palladium price predictions via machine
learning. Materials Circular Economy, 6(1), 32. https://doi.org/
10.1007/542824-024-00123-y

Kapoor, K., Bigdeli, A. Z., Schroeder, A., & Baines, T. (2022). A platform
ecosystem view of servitization in manufacturing. Technovation,
118, 102248. https://doi.org/10.1016/j.technovation.2021.102248

Kirchhof, R. (2003). Ganzheitliches Komplexititsmanagement:
Grundlagen und Methodik des Umgangs mit Komplexitdt

@ Springer


https://doi.org/10.1007/s12525-021-00517-9
https://doi.org/10.1007/s12525-021-00517-9
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/Die_Globalisierung_und_ihre_Komplexitaet-de_ST-NW.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/Die_Globalisierung_und_ihre_Komplexitaet-de_ST-NW.pdf
https://www.bertelsmann-stiftung.de/fileadmin/files/BSt/Publikationen/GrauePublikationen/Die_Globalisierung_und_ihre_Komplexitaet-de_ST-NW.pdf
https://doi.org/10.1287/serv.2.1_2.21
https://doi.org/10.1007/978-3-658-26727-8_3
https://doi.org/10.1007/978-3-658-26727-8_3
https://doi.org/10.1007/978-3-663-10720-03
https://doi.org/10.1007/978-3-8350-9307-2_3
https://doi.org/10.1007/978-3-8350-9307-2_3
https://doi.org/10.1016/j.jbusres.2016.01.035
https://doi.org/10.1007/978-3-658-17550-4_1
https://doi.org/10.1007/978-3-658-17550-4_1
https://doi.org/10.1007/s11573-012-0619-3
https://doi.org/10.1007/s11573-012-0619-3
https://doi.org/10.1007/978-3-658-28255-4_3
https://doi.org/10.1108/JBIM-07-2020-0349
https://doi.org/10.1007/s12525-019-00328-z
https://doi.org/10.1007/s10257-022-00576-1
https://doi.org/10.1007/s10257-022-00576-1
https://doi.org/10.1108/JBIM-03-2021-0183
https://doi.org/10.1177/1470593118774201
https://doi.org/10.1177/1470593118774201
https://doi.org/10.1016/j.procir.2015.02.110
https://doi.org/10.1016/j.procir.2015.02.110
https://doi.org/10.1007/s11424-006-0001-z
https://doi.org/10.1007/s11424-006-0001-z
https://doi.org/10.1016/j.procir.2016.11.021
https://doi.org/10.1016/j.procir.2016.11.021
https://doi.org/10.1177/03019233241254891
https://doi.org/10.1007/s42824-024-00123-y
https://doi.org/10.1007/s42824-024-00123-y
https://doi.org/10.1016/j.technovation.2021.102248

30 Page 22 of 23

Electronic Markets (2025) 35:30

im Unternehmen. Dt. Univ.-Verl. https://doi.org/10.1007/
978-3-663-10129-1

Kohtamaki, M., Parida, V., Oghazi, P., Gebauer, H., & Baines, T.
(2019). Digital servitization business models in ecosystems: A
theory of the firm. Journal of Business Research, 104, 380-392.
https://doi.org/10.1016/j.jbusres.2019.06.027

Kohtamiki, M., Parida, V., Patel, P. C., & Gebauer, H. (2020). The
relationship between digitalization and servitization: The role
of servitization in capturing the financial potential of digitaliza-
tion. Technological Forecasting and Social Change, 151, 119804.
https://doi.org/10.1016/j.techfore.2019.119804

Kotz, S., Balakrishnan, N., Read, C. B., & Vidakovic, B. (2006). Ency-
clopedia of statistical sciences (2nd ed.). Wiley-Interscience.

Krause, D., & Gebhardt, N. (2018). Methodische Entwicklung mod-
ularer Produktfamilien: Hohe Produktvielfalt beherrschbar
entwickeln. Springer Vieweg.

Kwan, S. K., spsampsps Spohrer, J. (2021). Reducing industry com-
plexity with international standards: Current efforts for services,
E-commerce, artificial intelligence. In C. Leitner, W. Ganz, D.
Satterfield, spsampsps C. Bassano (Eds.), Advances in the Human
Side of Service Engineering (1st ed., pp. 67-76). Springer Interna-
tional Publishing. https://doi.org/10.1007/978-3-030-80840-2_7

Lang, T., & Lichtblau, K. (2021). Bedeutung unternehmensnaher
Dienstleistungen fiir den Industriestandort Deutschland/Europa:
Studie fiir das Bundesministerium fiir Wirtschaft und Energie.
Bundesministerium fiir Wirtschaft und Energie.

Lightfoot, H., Baines, T., & Smart, P. (2013). The servitization of
manufacturing. International Journal of Operations & Produc-
tion Management, 33(11/12), 1408—1434. https://doi.org/10.1108/
1JOPM-07-2010-0196

Link, P. (2014). Agile Methoden im Produkt-Lifecycle-Prozess — Mit
agilen Methoden die Komplexitidt im Innovationsprozess hand-
haben. In K.-P. Schoeneberg (Ed.), Komplexititsmanagement in
Unternehmen: Herausforderungen im Umgang mit Dynamik, Unsi-
cherheit und Komplexitdt meistern (pp. 65-92). Springer Gabler.

Luhmann, N. (1975). Soziologische Aufkldrung 2. Verlag Fiir Sozial-
wissenschaften. https://doi.org/10.1007/978-3-663-12374-3

Malik, F. (2015). Strategie des Managements komplexer Systeme: Ein
Beitrag zur Management-Kybernetik evolutiondirer Systeme (11.
Haupt Verlag.

Masior, J., Schneider, B., Kiiriimliioglu, M., & Riedel, O. (2020).
Beyond model-based systems engineering towards managing
complexity. Procedia CIRP, 91, 325-329. https://doi.org/10.
1016/j.procir.2020.02.183

Meffert, H, Bruhn, M , & Hadwich, K. (2018). Dienstleistungsmarket-
ing: Grundlagen - Konzepte - Methoden. Springer Gabler.

Meiren, T., & Neuhiittler, J. (2019). Smart Services im Maschinenbau:
Systematische Entwicklung digital unterstiitzter Dienstleistungen.
Werkstatttechnik Online, 109(7./8.), 555-557. https://www.resea
rchgate.net/profile/Jens-Neuhuettler/publication/340455791_
Smart_Services_im_Maschinenbau_-_Systematische_Entwi
cklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92
851c2£528328fe/Smart-Services-im-Maschinenbau-Systematis
che-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?
origin=publication_detail

Neu, W. A., & Brown, S. W. (2005). Forming successful business-to-
business services in goods-dominant firms. Journal of Service
Research, 8(1), 3-17. https://doi.org/10.1177/1094670505276619

Neuhiittler, J., Ganz, W., spsampsps Liu, J. (2017). An integrated
approach for measuring and managing quality of smart senior
care services. In T. Z. Ahram spsampsps W. Karwowski (Eds.),
Advances in The Human Side of Service Engineering (1st ed., pp.
309-318). Springer International Publishing. https://doi.org/10.
1007/978-3-319-41947-3_29

@ Springer

Paschou, T., Rapaccini, M., Adrodegari, F., & Saccani, N. (2020).
Digital servitization in manufacturing: A systematic literature
review and research agenda. Industrial Marketing Management,
89, 278-292. https://doi.org/10.1016/j.indmarman.2020.02.012

Patzak, G. (1982). Systemtechnik - Planung komplexer innova-
tiver Systeme: Grundlagen. Springer. https://doi.org/10.1007/
978-3-642-81893-6

Picot, A., & Freudenberg, H. (1998). Neue organisatorische Ansitze
zum Umgang mit Komplexitit. In D. Adam (Ed.), Komplexitdits-
management (1st ed., pp. 69-86). Gabler.

Piller, F. T. (2006). Mass Customization: Ein wettbewerbsstrategisches
Konzept im Informationszeitalter. Dt. Univ.-Verl. https://doi.org/
10.1007/978-3-8350-9204-4

Poeppelbuss, J., Ebel, M., & Anke, J. (2022). Iterative uncertainty
reduction in multi-actor smart service innovation. Electronic Mar-
kets, 32(2), 599-627. https://doi.org/10.1007/s12525-021-00500-4

Polese, F., Mele, C., & Gummesson, E. (2014). Addressing complexity
and taking a systemic view in service research. Managing Service
Quality: An International Journal, 24(6), 1-3. https://doi.org/10.
1108/MSQ-09-2014-0201

Reil3, M. (1993). Komplexititsmanagement T.1. Das Wirtschaftss-
tudium, 22, 54-60. https://doi.org/10.18419/opus-5594

Riesener, M., Dolle, C., Koch, J., & Schuh, G. (2019). Information
requirements for a data-based analysis of product and service
complexity. Procedia CIRP, 83, 279-284. https://doi.org/10.
1016/j.procir.2019.04.079

Sachse, S. (2018). Customer-centric service management: Conceptual-
ization and evaluation of consumer-induced service composition
[Doctoral Thesis]. Unisversitit Leipzig.

Schild, L., Sandikei, S., spsampsps Stumpp, A. (2024). The role of
value co-creation and top management involvement in the devel-
opment of data-based services. In T. Bauernhansl, A. Verl, M.
Liewald, spsampsps H.-C. Mohring (Eds.), Production at the
Leading Edge of Technology: Proceedings of the 13th Congress
of the German Academic Association for Production Technology
(WGP), Freudenstadt, November 2023 (1st ed., pp. 280-289).
Springer International Publishing. https://doi.org/10.1007/978-
3-031-47394-4_28

Schoeneberg, K.-P. (2014). Komplexitit - Einfiihrung in die Komplex-
itdtsforschung und Herausforderungen fiir die Praxis. In K.-P.
Schoeneberg (Ed.), Komplexititsmanagement in Unternehmen:
Herausforderungen im Umgang mit Dynamik, Unsicherheit und
Komplexitit meistern (pp. 13-27). Springer Gabler.

Schuh, G. (2005). Produktkomplexitdt managen: Strategien — Meth-
oden — Tools (2nd ed.). Hanser Verlag.

Schuh, G., Kuntz, J., Stich, V., & Jussen, P. (2019). Managing com-
plexity in product service systems and smart services. Procedia
CIRP, 83, 410-414. https://doi.org/10.1016/j.procir.2019.03.093

Schuh, G., & Riesener, M. (2017). Produktkomplexitdt managen: Strat-
egien - Methoden - Tools (3., vollstiandig iiberarbeitete Auflage).
Hanser eLibrary. Retrieved February 24, 2025, from http://www.
hanser-elibrary.com/doi/book/10.3139/9783446453340

Sklyar, A., Kowalkowski, C., Tronvoll, B., & Sérhammar, D. (2019).
Organizing for digital servitization: A service ecosystem perspec-
tive. Journal of Business Research, 104, 450-460. https://doi.org/
10.1016/j.jbusres.2019.02.012

Ulrich, H., & Probst, G. J. B. (1991). Anleitung zum ganzheitlichen
Denken und Handeln: Ein Brevier fiir Fiihrungskrdfte. Haupt.

Vogel, W., & Lasch, R. (2016). Complexity drivers in manufactur-
ing companies: A literature review. Logistics Research, 9(1), 25.
https://doi.org/10.1007/s12159-016-0152-9

Wildemann, H., & Voigt, K. (2011). Komplexitdiitsindex-Tool: Entsc-
heidungsgrundlage fiir die Produktprogrammgestaltung bei KMU.
TCW - Transfer Centrum.


https://doi.org/10.1007/978-3-663-10129-1
https://doi.org/10.1007/978-3-663-10129-1
https://doi.org/10.1016/j.jbusres.2019.06.027
https://doi.org/10.1016/j.techfore.2019.119804
https://doi.org/10.1007/978-3-030-80840-2_7
https://doi.org/10.1108/IJOPM-07-2010-0196
https://doi.org/10.1108/IJOPM-07-2010-0196
https://doi.org/10.1007/978-3-663-12374-3
https://doi.org/10.1016/j.procir.2020.02.183
https://doi.org/10.1016/j.procir.2020.02.183
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://www.researchgate.net/profile/Jens-Neuhuettler/publication/340455791_Smart_Services_im_Maschinenbau_-_Systematische_Entwicklung_digital_unterstutzter_Dienstleistungen/links/5e8b161c92851c2f528328fe/Smart-Services-im-Maschinenbau-Systematische-Entwicklung-digital-unterstuetzter-Dienstleistungen.pdf?origin=publication_detail
https://doi.org/10.1177/1094670505276619
https://doi.org/10.1007/978-3-319-41947-3_29
https://doi.org/10.1007/978-3-319-41947-3_29
https://doi.org/10.1016/j.indmarman.2020.02.012
https://doi.org/10.1007/978-3-642-81893-6
https://doi.org/10.1007/978-3-642-81893-6
https://doi.org/10.1007/978-3-8350-9204-4
https://doi.org/10.1007/978-3-8350-9204-4
https://doi.org/10.1007/s12525-021-00500-4
https://doi.org/10.1108/MSQ-09-2014-0201
https://doi.org/10.1108/MSQ-09-2014-0201
https://doi.org/10.18419/opus-5594
https://doi.org/10.1016/j.procir.2019.04.079
https://doi.org/10.1016/j.procir.2019.04.079
https://doi.org/10.1007/978-3-031-47394-4_28
https://doi.org/10.1007/978-3-031-47394-4_28
https://doi.org/10.1016/j.procir.2019.03.093
http://www.hanser-elibrary.com/doi/book/10.3139/9783446453340
http://www.hanser-elibrary.com/doi/book/10.3139/9783446453340
https://doi.org/10.1016/j.jbusres.2019.02.012
https://doi.org/10.1016/j.jbusres.2019.02.012
https://doi.org/10.1007/s12159-016-0152-9

Electronic Markets (2025) 35:30

Page230f23 30

Wildemann, H. (2017). Komplexititsmanagement: In Vertrieb, Beschaf-
fung, Produkt, Entwicklung und Produktion. TCW Transfer Centrum.

Wildemann, H. (2018). Variantenmanagement: Leitfaden zur Komplex-
itdtsreduzierung, -beherrschung und -vermeidung in Produkt und
Prozess. TCW Transfer Centrum.

Zanker, C., & Reisen, K. (2015). Stabilitéts- und Flexibilitdtsanforderun-
gen an Produktionssysteme. In W. Kétter, M. Schwarz-Kocher, & C.
Zanker (Eds.), Balanced GPS: Ganzheitliche Produktionssysteme

mit stabil-flexiblen Standards und konsequenter Mitarbeiterorien-
tierung (1st ed.., pp. 13-37). Springer Gabler.

Zou, W., Brax, S. A., & Rajala, R. (2018). Complexity in product-
service systems: Review and framework. Procedia CIRP, 73, 3-8.
https://doi.org/10.1016/j.procir.2018.03.319

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.procir.2018.03.319

	Understanding service complexity in manufacturing companies: Insights and implications from a mixed methods study on drivers and levers of complexity
	Abstract
	Introduction
	Literature and terminology
	Industrial services
	Complexity and complexity measures
	Complexity categories in service offerings
	Complexity drivers and the effects on complexity

	Research methodology
	Qualitative data analysis and findings
	Data collection
	Qualitative analysis of drivers of complexity
	Operationalization of success factors

	Quantitative data analysis and findings
	Survey demographics
	Correlation between internal and external complexity and success factors
	Correlation analysis of the complexity dimensions and success factors
	Correlation analysis between complexity categories and success factors
	Correlations between the measures of complexity and success factors

	Implications of the findings
	Correlations of complexity categories with flexibility and efficiency
	The emergence of clusters of complexity categories and success factors
	Comparison of internal and external complexity

	Conclusion and further research
	Theoretical contributions
	Managerial contributions
	Limitations and further research

	Acknowledgements 
	References


