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Abstract 

Already for nearly three decades, Mass Customization (MC) has been described as a viable business 
model for companies in diverse sectors. Nonetheless, the introduction and the successful operation of 
an MC approach is a challenging endeavor for companies of all sizes. In this article, special attention is 
given to small and medium-sized enterprises (SMEs), which increasingly collaborate in networks to 
successfully develop complex, mass-customized products. While collaboration allows for pooling 
several areas of expertise, the cross-organizational development poses challenges in manifold regards. 
To study these challenges, we set up a network business process model developed with four SMEs 
from the German high-tech textile industry. Based on the current literature on capabilities for MC, we 
evaluate the challenges of MC in SME networks detected in our network business process model to 
underpin the need for further research. In our study, we detail the conceptual analysis of such network-
based scenarios along our process model for three focal areas: (1) co-creation, (2) solution space 
development, and (3) information system design. We construe the need for further research and derive 
implications for both academia and practice. 

Key words: Complexity, co-creation, information system design, new product development, SME, 
solution space 

1. INTRODUCTION 

Since its inception, mass customization (MC) research 
has yielded results from multiple perspectives. As MC 
offers a strategy to provide products, which are both 
affordable and customized [1], it has been researched 
extensively and gained heavy interest in both research 
and practice [2, 3]. MC research suggests several 
capabilities for its realization. Typically, the three 
capabilities of solution space development, robust 
process design as well as choice navigation are 
emphasized [4]. While solution space development 
refers to the capability to learn about customers’ 
heterogeneous and homogenous needs in order to 
define customizable and standardized attributes, robust 
process design denotes the capability to fulfil 

differentiated customer needs by reusing or recombining 
organizational resources. Lastly, choice navigation 
describes customer enabling and supporting as the 
customer gets a product according to his individual 
needs [4]. 
Considering these well-acknowledged capabilities, their 
suitability appears questionable when looking at small 
and medium-sized enterprises (SMEs) that aim for 
developing complex, mass-customized products within a 
business-to-business (B2B) network for three reasons. 
First, a complex product is characterized by several 
customized components, a high number of components, 
different expertise and experts required as well as the 
skill needed to develop it [5]. The complexity of products 
varies with within a spectrum, compared to a highly 
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customizable one-of-a-kind boat produced with a high 
process efficiency [6], customizable shoes with different 
colored parts are on the simpler side of the spectrum [7]. 
But existing research mainly focuses on products with a 
relatively low complexity [8]. Second, typically, there are 
multiple actors involved in SME networks. However, 
although early studies focus on MC in SMEs [9], they do 
not shed light on what capabilities such SME networks 
require to successfully develop their complex offering. 
Third, research stresses barriers that hinder successful 
co-creation in B2B networks [10, 11]. The need for 
further research in this regard is particularly relevant as 
current literature highlights the success of collaborative 
SME networks [12–15]. 
Therefore, this study targets the topic of complex MC 
product development in an SME network. To set out the 
challenges and research opportunities for this specific 
SME network context, we created a network business 
process model using the Business Process Model 
Notation (BPMN). The process was recorded with four 
SMEs from the German high-tech textile industry to 
create an abstract model of co-creation in the network. 
Technical textiles constitute a high complexity product, 
because they need to fulfill very specific functional 
requirements found in other industries, for example heat 
protection in the aerospace domain [16]. The 
development of technical textiles is comparable to the 
chemistry industry, because they are produced by 
applying techniques and procedures on ingredients, not 
by recombining modular components [17]. Both, the 
chemistry and the textile industry are members of the so-
called process industries, which are addressed less 
often in MC research. 
To identify the aforementioned challenges, we use the 
theoretical lens of MC capabilities to structure our 
analysis and to support the identified need for further 
research. We detail the conceptual study along our 
process model for three focal areas: (1) co-creation, (2) 
solution space development, and (3) information system 
design.* For each perspective, we provide a discussion 
of insights gained by detecting difficulties in our particular 
case setting, contrasted with extant research. Thus, our 
discussion focuses particularly on deriving a future 
research agenda. 

2. THEORETICAL UNDERPINNINGS 

In the last three decades, the concept of MC has been 
subject to research from different management 
disciplines, such as marketing, operations management, 
and information systems [2, 18]. The introduction of the 
term MC dates back to 1987 and Stan Davis’ visionary 
book “Future Perfect” [19]. According to Davis, MC is 
present when “the same large number of customers can 
be reached as in mass markets of the industrial 
economy, and simultaneously […] be treated individually 
as in the customized markets of preindustrial 
economies”. In the early 1990s, MC has been further 

                                                 
* Instead of looking only at robust process design as the third 
MC capability, we decided to opt for a broader understanding 
of managing the digital flow of information to ensure robust 
processes for the interaction between the network partners. 

popularized and developed adding a more operational 
understanding [1, 20]. Since the 2000s, there has been 
an exponential growth of research [2, 3]. Today, MC is a 
broadly accepted economically sustainable concept [4] 
to deliver affordable products, which better fit the needs 
of the customers than standard goods and services [21].  
In the evolutionary history of manufacturing, MC is seen 
as the fifth contingent stage following (1) manual 
manufacturing, (2) manufactories, (3) industrial mass 
production, and (4) flexible production of many variants 
[22].  
Depending on the context in which MC is implemented, 
companies move to MC from the customization side 
(increasing the “mass”-aspect) or from the mass 
production side (increasing the “customization” aspect) 
[24]. For previous mass producers, customization can 
increase costs for the complex coordination of producing 
and marketing goods according to diverging customer 
needs [23]. For previous craft producers, instead, finding 
ways to standardize the individual offering, is the core 
focus [24]. 
Comparing the introduction of MC in SMEs to large 
corporations, this reveals a number of additional 
challenges but also advantages for SMEs. [26] highlight 
that the implementation of MC is “more important in small 
and medium enterprises than in larger ones”. [25] found 
that SMEs, besides their lack of resources [27], achieve 
greater success in implementing the MC approach than 
large companies.  
Thanks to their smaller sizes, SMEs have faster and 
more flexible processes enhancing information 
exchange between customer and company. Ad-hoc 
processes at SMEs allow being more flexible with regard 
to the changes in customer demand. Moreover, the 
closer relationship to their customers enables SMEs to 
establish the co-creation elements of MC [26]. However, 
the lack of financial resources and technical 
competencies [28] are key challenges for SMEs, which 
hinder the successful implementation of MC. 
Within the existing MC literature, research on specific 
capabilities comprises the most important theoretical 
underpinning for our study. Following the argumentation 
of the resource-based view [29], MC demands 
organizational change [30, 31] and the acquisition of a 
set of strategic capabilities [32]. For our study, we mainly 
follow the proposition of [4], which distinguishes between 
capabilities for the co-creation process (“choice 
navigation”), the solution space development process 
(“solution space development”) and the effective and 
efficient production processes (“robust process design”). 
For the specific context of MC in SME networks, we 
detect the following constraints in existing MC literature: 
(1) The co-creation process is a central element to 
develop the customized offering successfully. Within an 
active, creative and social collaboration process, the 
stakeholders target a joint development [33]. 
Considering extant MC literature, it appears that the dyad 
between customer and mass customizer has typically 
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been at the heart of the research [2]. However, this does 
not suffice when adding the network factor, including far 
more stakeholders. An SME network increases 
complexity and comes with major implications for the co-
creation process. We suggest that such processes 
distinguish external (customer side) and internal 
(network side) collaboration. In this regard, current B2B 
research is heavily concerned with cross-organizational, 
joint value creation processes in B2B networks [11, 34, 
35]. However, it has not focused on the MC context. 
Internal coordination challenges arise with regard to 
determining the MC offering of the SME network, which 
relates to the solution space that comprises standardized 
and customizable product or service components.  
(2) According to Tseng and Piller [36], defining the 
solution space is one of the greatest challenges for MC 
companies already on a single-company level. Offering 
customized products does not mean to offer unlimited 
choice, but to find the right extent of customization to 
meet customer demands, while ensuring that every 
individually defined product is producible in an effective 
way [31]. For SMEs, it is particularly difficult to define this 
customization threshold, determining standard 
components on the one hand and open windows for 
adapting the solution space continuously on the other 
hand. This is why this study also explores challenges for 
SMEs in a network to determine boundaries of the 
solution space for both the initial offering and its 
continuous adaption. 
(3) The last of the three MC capabilities is the robust 
process design, which can be defined as the capability 
of a company to reuse or combine the existing 
organizational and value chain resources to fulfill 
differentiated customer needs [4]. These robust 
processes pose a new complexity through their specific 
requirements, especially, when they are carried out in an 
SME network. To handle these requirements, 
information systems are used [7]. Information systems 
are systems, in which humans and or machines perform 
work along a business process using information 
technology (IT) among other resources to produce a 
specific product or service [37]. The main usage of 
information systems in the MC context are the customer 
integration for value creation and also the successful 
combination of manufacturing technology, information 
flow, and product design [38]. The paper at hand focuses 
on the challenges SME networks face by gaining the 
ability of robust process design from an (3) information 
system design perspective. 

3. RESEARCH METHOD 

3.1 Case study design 

This article presents a contemporary study in a high-tech 
textile SME network. The companies in the network are 
on the verge of transitioning from producing one-of-a-
kind technical textiles to being able to mass customize 
their offerings. We focus on the challenges SME 
companies face when producing complex MC products 
in a distributed manner. We used the case study as an 
empirical method to analyze the phenomenon in the real 
world [39]. We designed and conducted an embedded 

case study which is a single case study with multiple 
units of analysis [39]. We argue for the appropriateness 
of a single case study approach, as the examined 
network is considered a common representative of the 
German high-tech textile industry [40]. To identify the 
challenges in the network, we opted for a process-
oriented approach to have a systematic way to examine 
the phenomenon. We regarded actors, workflows, data 
and information flow as well as interactions in the 
network. The data collection in the network included six 
workshops accompanied by interviews and direct 
observation with four companies of the German textile 
industry. This branch is characterized by small batches, 
niche specialization and high-tech textile applications. 
The four companies are SMEs at different levels of the 
value chain, forming a textile network. It contains a 
weaving company, a knitting company, a textile coating 
company and a textile finishing company. One of the first 
two companies produce fabric, which can then be refined 
by one or both of the latter two companies. Because of 
the niche specialization, none of the companies can 
produce a textile by themselves, at least two companies 
need to work together in order to provide a customer with 
a textile, which then needs to be confectioned to be fit for 
use. Hence, the sampling covers different constellations 
in the value creation network. The companies can act as 
partners, as well as competitors in the network. The 
companies’ current challenge is to better manage the 
cross-organizational development of their mass-
customized offering, which makes them particularly 
interesting for our purposes. 
In a joint research project, the four companies 
collaborate with an interdisciplinary research team. The 
goal is to develop solution approaches for developing 
complex, mass-customized products within a network. 
During six workshops, the process model was set up and 
discussed as a basis for future work. The main task was 
to detail the current process as nuanced as possible, 
which has gradually evolved in this network. In particular, 
we involved the sales departments, the development 
departments as well as CEOs since they are also 
involved in developing new offerings.  
By creating a process model of the value creation in the 
network, we applied a design-oriented approach. In 
accordance with this research paradigm [41], multiple 
iterations were done for optimization after the initial 
process recording was conducted. This was performed 
with members of the network as well as with network-
external experts of a local textile research institute that 
come with decades of experience. 

3.2 Business process model notation and 
conceptual approach  

In order to understand and analyze the status quo in the 
studied SME network, the process of interaction along 
the value chain was captured on a conceptual level. The 
business process was recorded and modeled using 
BPMN, as a standard language especially at the level of 
domain analysis [42]. Process modeling is used to 
reduce the complexity of the real world and to focus the 
effort on the relevant part of the analyzed process. 
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Furthermore, it provides a common base for the 
communication between all involved stakeholders [43].  
With BPMN, business processes are modeled using 
business process diagrams, which are quite similar to 
other intuitive graphical modeling techniques. [44] 
describes the core concepts of BPMN as follows: so- 
called flow objects are used to describe the flow of a 
business process, including activities (tasks), events 
(e.g. start and end of an activity or process) and 
connectors (gateway), the latter are used to model 
decision alternatives in the process flow. Swim lanes are 
used to group activities in pools and lanes. Pools contain 
a self-contained process, while lanes are used to group 
activities within different functional areas of a company. 
Connecting objects are used to define relationships 
between flow objects, i.e. a sequence flow defines a time 
sequence between activities, a message flow denotes an 
information flow between activities or participants via 
message exchange. Lastly, so-called artifacts (objects, 
groups, and annotations) can be used to describe 
specific features. Data objects represent required or 
generated data and groups can be used to subsume 
objects i.e. for documentation purposes. The BPMN 
diagram in this paper is used to study the development 
of complex MC products and allows identifying the 
characteristics of the process from different 
perspectives. Therefore, the graphical notation is vital to 
examine: (i) the interaction between different process 
participants, shown as messages between process-
lanes, (ii) the information flow through the whole process, 
shown by information objects and (iii) the impact on the 
overall solution-space-perspective, shown by the 
complex interaction in the supply chain. 

4. RESULTS: BUSINESS PROCESS MODEL 
FOR COMPLEX MASS CUSTOMIZATION 
PRODUCT DEVELOPMENT IN A SMALL AND 
MEDIUM-SIZED ENTERPRISES NETWORK 

This section provides both an overview and an in-depth 
description of the recorded process. Figure 1 shows the 
sequence of the high-level process phases including the 

iteration loops. Figure 2 shows the entire value creation 
process in the SME network the paper at hand examines. 
The process starts with the need expression of the (end) 
customers and ends with the acceptance of the produced 
textile by the business customer. To illustrate the 
interaction between the various actors in the process in 
more detail, three stakeholder groups are presented 
across three different pools, not just the SME network 
itself. The first pool at the bottom of the diagram 
represents the network with two lanes, with one lane 
representing the company accepting the order request 
from the business customer (contractor) and the other 
lane representing the value chain forming to fulfill the order 
(value chain). This distinction is important because the 
contractor bears special responsibilities in the network 
and plays a steering role for the specific process iteration. 
The role of the contractor can be assumed by another 
company in the network for each order and thus for each 
iteration of the process. The second pool shows the 
business customer of the network, who is closely 
connected to the SME network by the co-creational nature 
of the process, which is recognizable by the multiple 
communication flows between the two pools. The third 
pool is the customer of this business customer, who also 
has to be involved to accommodate its requirements in 
certain cases. This customer of the customer could 
already be the end customer, but also another 
downstream member of the larger textile value chain. 
The value creation process is segmented into six 
subsequent phases (see Figure 1 and bottom part of the 
Figure 2): (1) Customer Contact, (2) Requirements 
Analysis, (3) Build Value Chain and Calculation, (4) 
Prototyping and Feedback, (5) Order and Production, 
and (6) Outbound Logistics and Project Closure. In the 
(1) Customer Contact phase the business customer 
contacts the contractor and the first feasibility check is 
performed. At this stage there are three possible 
outcomes: First, it is a known product and can be 
produced, second, it is a new or modified product that 
needs to be developed, or third, it is not feasible and the 
request is rejected and the process ends.

 
 

 

 
 

Figure 1. High-level network business process model for MC in SMEs

In case that the product is known, the process shortens 
and moves on to phase (5) and (6), but in case the 
product needs to be developed, phase (2) follows next. 

This phase is characterized by intense communication to 
perform the requirements analysis with the business 
customer and ends with consolidated requirements. 
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These requirements are used in the (3) Build-Value-
Chain-and-Calculation-phase to check the feasibility in 
the network. An example for a requirement could be that 
the textile should be fire- and waterproof at the same 
time. The contractor needs to check if a combination of 
companies and their machines and services exist, which 
would be able to develop this fire- and waterproof textile. 
In case of a stable network, it is possible to carry out and 
communicate the financial calculation to the business 
customer. In the following phase (4) Prototyping and 
Feedback the – until now – purely conceptual prototype 
can be physically built. When the contractor decides that 
the requirements are met, in our example a fire- and 
waterproof textile, the valid prototype is presented to the 
business customer for feedback, who possibly checks 
the results with his (end) customer. This phase can lead 
to iterations to improve the prototype further (Phase 2) or 
to an order (Phase 5). If the order is placed the (5) Order-
and-Production-phase follows, in which the production 
network is build and the textile is produced. The process 
ends in the final phase (6) Outbound Logistics and 
Project Closure, where the business customer receives 
the textile. 

5. DISCUSSION: DERIVING KEY AREAS OF 
MASS CUSTOMIZATION RESEARCH FOR 
SMALL AND MEDIUM-SIZED ENTERPRISE 
NETWORKS – A THREE-PERSPECTIVE VIEW 

5.1 A co-creation perspective 

As one element to develop MC products in an SME 
network, co-creation process denotes the active, 
creative and social collaboration process between 
providers and customers that target a joint development 
[33]. Looking at extant MC literature, the dyad between 
customer and mass customizer is at the center of interest 
[2], but the dyadic consideration falls short in analyzing 
product development processes that span across a 
network with several stakeholders. 
An SME network increases complexity and comes with 
implications for co-creation. Such processes distinguish 
external (customer side) and internal (network side) 
collaboration. In this regard, current B2B research is 
heavily concerned with cross-organizational, joint value 
creation processes in SME networks [11, 34, 35]. 
Especially, the management of such processes is crucial 
for successfully developing products [11, 35, 45]. 
However, we argue for a shortcoming in extant research 
regarding the MC context. Therefore, the process shown 
in Figure 2 is analyzed in the following through the lens 
of co-creation.  
The center of interest is put on the first three phases 
described, namely (1) Customer Contact, (2) 
Requirements Analysis and (3) Build Value Chain. These 
phases are particularly interesting because co-creation 
is most intense during these interactions, because they 
specify the customized offering. Looking at (1) Customer 
Contact in the given context, we find manifold indications 
how to design co-creation processes. For example, it is 
known that customers tend to be confused when given 

too many options [46], or literature shows how 
configurators are used to enhance customer’s perceived 
benefit in the customization process [47]. In addition, 
several studies deliver precise insights of the value 
components unfolded by the MC offering [48, 49]. 
However, most of the studies in the MC area are 
grounded in the consumer context [2], paying far less 
attention to business customers [24].  
We argue that the major difference regarding the co-
creation process relates to its value to the customers: 
while consumers value enjoyment, creativity and product 
uniqueness, business customers buy for economic 
rather than emotional reasons [50]. Therefore, for 
redesigning the customer contact to co-create the MC 
offering, it is crucial to adapt to those different value 
components of business customers. In line with recent 
research from the marketing domain [51, 52], we 
advocate for a call for research in this regard. Moreover, 
we argue that these findings are likely to come with major 
implications for the overall process and, e.g., require 
adaptations of configurator designs. 
The (2) Requirements Analysis with the customer is 
particularly challenging when product complexity is high, 
because it often lacks efficiency and efficacy. During the 
requirement analysis, product details must be explained 
to the customer, typically in face-to-face settings [53, 54]. 
Several studies stress time-consuming and costly 
processes [19, 53, 54] and incorrect specifications due 
to high complexity [59, 60]. This challenges, e.g., the MC 
capability of choice navigation.  
Due to the strong need for face-to-face communication, 
configurator approaches are rather insufficient, as a high 
degree of offline interaction is best to face complexity 
[55]. These processes need to be appropriately 
designed, for which extant MC research does not hold 
sufficient results.  
Moving to the phase (3) Build Value Chain, we see the 
most urgent implication as extant MC research neglects 
the development within networks. For that, two research 
directions appear fruitful that we integrate with the 
subsequent phases of the (1) Customer Contact and the 
(2) Requirements Analysis, as follows. First, Figure 2 
suggests that one of the companies is in charge of 
managing and handling the overall process both 
externally with the customer and internally with the 
network.  
A deeper understanding of the co-creation process, best 
practices and organizational structures seems highly 
promising of how this leading company conciliates the 
interests and expertise of the different stakeholders, 
taking into consideration that often this company is the 
only stakeholder knowing all the parties involved. 
Second, although possibilities to use configurators seem 
limited during the phase of requirement analysis [55], 
configurators or other information systems are well-
suited to facilitate the co-creation process within the 
network, targeting a smooth, network-internal 
development process. Recent research on such 
approaches is rather scant and timely [56]. 
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  Figure 2. Network business process model for MC in SME. 
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Figure 2. Network business process model for MC in SME (continued). 
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5.2 A solution space perspective 

The second perspective relates to shortcomings of 
existing literature with regard to developing and using a 
solution space for MC offerings in an SME network. 
Already on a single-company level, the successful 
implementation of MC is often hindered, because 
companies “lack the capability to define and set an 
appropriate solution space” [31]. A solution space is “the 
pre-existing capability and degrees of freedom built into a 
given manufacturer’s production system” [57]. The task of 
developing such a solution space is “clearly a managerial 
decision” [58] and a prerequisite for any SME network 
which jointly develops an MC approach. MC literature 
stresses that the other two capabilities, robust process 
design and choice navigation, depend on the previously 
defined solution space [64]. Thus, also the outcome of the 
co-creation process with every single customer modeled 
in the BPMN diagram fundamentally depends on the 
previous definition of the solution space. 
While existing literature clearly underlines the 
importance of solution space development, research on 
this core capability is very limited [61]. Thus, our call for 
further research on solution space development in SME 
networks also includes research on this capability in 
general. According to [61–63], solution space 
development is divided into two phases, which differ 
according to the progress in the product development 
process: the initial solution space development and the 
adaptive solution space development. 
The initial development describes the period before 
market launch, in which a company defines all the 
product and service possibilities or variations that it 
would like to offer at the time of its market launch [58]. 
The definition of the initial solution space requires great 
care because the heterogeneity of customer needs 
produces a large range of product variations whose 
implementation is not economically feasible [57]. In an 
SME network, it is not only one company that needs to 
determine its offering, but also several companies with 
several mutually dependent processes. In MC literature, 
it is not yet described, how SMEs can be supported to 
jointly develop an initial solution space. In our case study 
in the German high-tech industry, however, developing a 
joint solution space has been observed as a particularly 
difficult task. 
For the SMEs, defining the solution space is a core 
challenge, because the job of each company is not only 
to define what it is able to produce and which product 
characteristics work well together, but also what each 
company really wants to produce. All companies in the 
network must limit the solution space and carefully 
determine, which product variations it wishes to offer to 
the customer. At this point, the decision is also made, 
which product properties remain constant as standard 
offers, and which can be varied according to customer 
needs [65]. In business-to-customer-markets, the 
solution space is usually understood as a selection menu 
of options, from which customers can choose to create a 
product according to their individual needs [66]. 
However, for SMEs in a B2B network with highly complex 
products, transferring the solution space into simple 

selection menus is not easily feasible as the complexity 
is difficult to be sufficiently reduced and full autonomy for 
choosing between pre-defined options cannot be given 
to the customer (see also Section 5.1, in which the need 
for offline interaction is explained). Instead, our analysis 
of the BPMN reveals that other forms of simplifying the 
representation of the solution space to the sales 
manager need to be developed. 
The adaptive solution space development describes the 
period after the market launch and the competence to 
continuously adapt or improve an existing solution space 
to current customer requirements and market conditions 
[61, 62]. For leveraging MC efficiency in cross-
organizational development, it is important that the 
network does not develop a product or service offering 
for a new customer from scratch but instead explores 
whether and how the individual product can be 
developed based on existing product architectures and 
corresponding production and sales processes [22]. In a 
network such as a service-oriented textile network, it is 
rather a combination of existing modular processes of 
the network partners than a product architecture.  
The BPMN diagram helps to clarify when and how the 
solution space development capability is needed. 
Already in the (1) Customer Contact phase, the first 
feasibility check is performed with the main aim to 
discover, whether the desired product is within the range 
of the existing solution space (production is directly 
feasible) or at least within the scope of previously defined 
spots for adaptation (production is not immediately 
feasible, but the solution space can be easily adapted). 
If the desired product is outside the scope of the solution 
space (and outside the previously defined area of 
adaption), the request must be rejected and the process 
ends.  
Also in the later phase (4) Prototyping and Feedback, the 
results of the feasibility checks need to be used in the 
definition and adaptation of the solution space. It is 
important to notice that the current processes of the SME 
network reveals that companies currently focus on 
“known products” instead of “known feasible 
configurations of a solution space” (see phase (1)). For 
complex products it is, thus, rather difficult for SMEs to 
follow the solution space logic strictly. Further research 
is needed to explore barriers for consequently using the 
solution space logic.Finally, existing literature stresses 
that solution space development always contains a 
market research perspective [4].  
Only when a company understands the specific needs of 
each individual customer, it is able to develop a suitable 
solution space and to assess the costs and complexity of 
this solution space [67]. Thus, it is a continuous job of all 
members of an SME network to finding out what 
customers want and collecting all this information to form 
the solution space. In research, recommendations for 
researching individual needs within a network of different 
value partners have not been described yet and 
constitutes a core challenge in our SME network case. 
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5.3 An information system design perspective 

The third perspective focuses on the critical requirement 
called robust process design, which describes the 
capability of a company to reuse or combine the existing 
organizational and value chain resources to fulfill 
differentiated customer needs [4]. This capability can be 
further divided into process modularity, flexible 
automation and adaptive human capital. 
Customer needs cannot be directly translated to process 
variations. [68] use a domain framework to illustrate that 
in order to meet customer needs a product platform 
provides functionality and has a corresponding process 
platform, which in turn provides technical feasibility for 
design changes through process variations. These 
variations can be realized by treating the value chain 
processes as segments, which provide variability 
through recombination and thus create modular 
processes [4]. A clear definition of valid process inputs 
and outputs is needed to be able to recombine these 
process segments. This however is problematic in SME 
networks, because by providing these concise conditions 
for modular processes, which can be seen as interfaces 
between different companies, information about a 
company’s capabilities is shared. Companies need to 
walk a fine line by sharing just enough information to 
enable modular processes within their network, while not 
giving away their competitive advantage by oversharing 
information regarding to their individual capabilities. An 
example would be the width of a panel of fabric which the 
machinery at a company can handle. The importance of 
standardized interfaces for process segments can be 
seen in Figure 2, where the contractor selects 
companies for the value chain depending on their 
capabilities and the individual compatibilities of the 
segments during the building of the value chain. The 
contractor is thereby configuring the value chain. The 
research by Zhang supports our identified challenges in 
regards to distributed configuration and stresses the 
importance of further research for example in the 
knowledge acquisition in networks [69]. 
In the past automation was synonymous with rigidity, but 
nowadays modern technologies allow for more flexibility 
while still providing automation. This is realized through 
adaptive systems, which can react on environmental 
changes or accommodate for personalized experience in 
the case of the entertainment industry [4]. Information 
systems are the enablers for modern MC, because they 
can share information automatically or analyze data and 
react accordingly [7]. Their capabilities in the context of 
MC are vast, they can be used by both customers and 
companies, they provide customer decision support but 
also assist in pricing, design, production planning and 
the gathering of production process information [2]. 
Leveraging the possibilities of information systems is 
further complicated by the number of participants in the 
SME network. The more companies exist in the network, 
the more effort is required to unify the IT landscape 
required for information exchange. Most SME 
companies use different and incompatible systems, 
partly because they rely on individual software solutions, 
have lots of internal media discontinuities or even base 

their workflows on paper and telephones. These 
circumstances pose a big problem, especially during 
periods of higher interaction between the companies of 
the SME network discussed in this paper. These 
interaction-intensive periods are characterized by 
complex communication patterns and occur in the 
process in the phases (3) Build Value Chain and 
Calculation, (4) Prototyping and Feedback, and (5) Order 
and Production. Examples for problems emerging from 
the heterogeneity of employed information systems are 
incomplete information transfer from the requirements 
analysis to the production stage or inefficient 
communication during collaborative prototyping. 
Incomplete transfer of information in the network have 
severe effects on efficiency in our observed network, 
however literature often suggest, that configurators are 
used in integrated IT landscapes with a high degree of 
automation [2, 70]. 
Automation has its limits though; it fortunately does not 
make human involvement unnecessary, on the contrary. 
The automated, modular processes of a well operating 
MC company still need humans, which need the 
appropriate skills to make mass customization work. [71] 
portrays an early successful attempt of a company 
leveraging mass customization by describing the 
approach of the National Industrial Bicycle Company of 
Japan. That company established a rotation of workers 
in order to broaden the knowledge and skill base to 
enable the company to develop new manufacturing 
capabilities for their MC approach. In our case this 
aspect is complicated by the field setting, where four 
independent companies interact to achieve competitive 
advantages against their competition. They serve 
different roles in this constellation, some are suppliers, 
some are service providers and some partly offer 
identical contributions within the value chain. A rotation 
of workers is not ideal for these companies because that 
would provide valuable insight into their individual 
competitive advantages - albeit it would possibly 
strengthen the SME networks competitive advantage. 
Recent research in this area supports our identified 
challenge, that a proper knowledge transfer is a key to 
MC adoption in B2B networks [72]. 
Looking at the ability of robust process design from an 
information system design perspective, there are three 
promising research directions. In order to be able to (1) 
ensure modular processes in an SME network effectively 
and efficiently, an IT-based implementation of the value 
creation process and its process steps should be 
examined. A conceptual information model describing 
process and process steps with clean interfaces and 
input-output relationships seems to be a promising next 
step. To be able to use (2) automation and the 
associated advantages in SME networks, continuous 
information flows should be created. In the opinion of the 
authors, this can be achieved by reducing media 
discontinuity and increasing the general degree of 
digitization. As digitization progresses, large amounts of 
data are created in the value creation process. These 
provide an opportunity to conduct subsequent data 
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analysis within the network, which leads to new research 
perspectives. From an information system design 
perspective the task of (3) involving humans into the 
value creation can be facilitated in many ways.  
Especially in the discussed highly specialized SME 
network, which develops complex products, the 
knowledge transfer between employees across 
companies is vital. Research on IT supported concepts 
for sharing data, information, and knowledge in an 
appropriate way seems to be a promising starting point 
to reach an inter-organizational platform for cooperation 
and knowledge transfer in SME networks. Although 

collaboration platforms are discussed in general, to the 
best of the authors’ knowledge there is no concept to 
address this inter-organizational integration in the 
domain of MC to this extent. 

5.4 Construing further research 

Based on the three perspectives, Table 1 presents the 
summary with the research fields that need to be 
involved to solve the identified tasks based on the BPMN 
in this study. 

Table 1. Derivation of further research from three perspectives 

The need for further research is derived from the three-sided elaborations on the development 
of complex, mass-customized products in SME networks presented above. The goal is to 
formulate directions for future research while pointing at the involved research fields. As a 
result, we argue for strong interdisciplinarity to tackle the topics. 
The table reads as follows. It starts off with the overarching research question from the 
respective domain, followed by the tasks from this perspective. The columns on the right 
indicate the research fields that need to be involved to target the task. C
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How can companies leverage the co-creation within an SME network? 

   

Exploit information systems opportunities to increase efficiency and efficacy of co-creation 
within the network    

Understand how the leading company of the network co-creates the portfolio 

   

Develop approaches to avoid incorrect specification during requirement analysis with the 
customer, enabling the network to participate throughout the process    

How can companies use the solution space logic to leverage both standardization and 
individualization potentials within an SME network?    

Engage in joint market research activities to explore joint unique selling propositions and 
possibilities to skim the willingness-to-pay for heterogeneous customer needs    

Exploit standardization potentials of clearly defining and limiting individualization possibilities 

   
Develop a joint understanding of open spots for adaptation and extension of the joint product 
offering    

How can companies use information systems effectively to foster MC within an SME 
network?    

Explore a method to create an IT-supported modular process-based solution space in the 
network    

Create an approach to unify or integrate heterogeneous IT landscapes across the network in 
a cost-efficient way    

Investigate an IT-based approach of cross-company knowledge transfer and exchange for co-
creation within the network    

6. CONCLUSION 

In this paper, we derived a process model that describes 
the current processes of an SME network that jointly 
targets individual need satisfaction of B2B customers. 

To answer the question of which challenges are SME 
networks facing when transitioning towards producing 
complex products using an MC approach, we used the 
lens of MC capabilities on this descriptive process model 
to derive key areas of MC research that need to be 
extended to the perspective of SME networks. 
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Additionally, we also detected other focal points that 
require further attention in MC research such as highly 
complex products, and process-oriented companies with 
a solution space based on modular process instead of 
modular product architectures. 
Based on the analysis of the BPMN diagram of the SME 
network processes for MC offerings, we argue that there 
is a strong need to tackle the topic of SME networks with 
an interdisciplinary approach, because the three focal 
perspectives are highly interwoven. 
From the co-creation perspective, we showed with the 
process model that there is one leading company of the 
network. Given that, this company is in charge of 
handling both the customer and the internal network. On 
the one hand, we argue for a study on how this company 
manages the SME network on an organizational level, 
shedding light on drivers and barriers. On the other hand, 
the co-creation process needs enrichment by both the 
solution space and information system design 
perspective. Especially, the leading company is likely to 
face challenges when co-creating the solution space, as 
it requires to deeply understand the capabilities of each 
network company. Furthermore, we see great potential 
to support the co-creation processes within the network 
with information systems. 
Also from a solution space perspective, we argue that 
SME networks need to be supported with tools and 
methods to explore not only what their customers want, 
but also what they do not want (see Table 1). For 
exploiting the benefits of MC, companies need to define 
clear boundaries for their offerings, but also well-
selected spots for continuously enabling adaptation of 
the solution space. Transparency about the offerings of 
each network company is thus one of the core 
challenges for SME networks offering MC products. 
Research should support such networks with developing 
guidelines in the sense of “modular construction kits”. 
Moreover, we revealed that SMEs have difficulties in 
strictly following the solution space logic. Instead, the 
SMEs think within the frames of “known products” 
instead of “known configurations within a solution 
space”. Future research needs to propose 
comprehensive approaches to enable SMEs to introduce 
the MC logic consistently. 
For the information system design perspective focusing 
on the robust process design, we described three main 
research areas. In the first area, we advocate an IT-
supported mapping of the modular processes across the 
entire network in order to enable an efficient process 
configuration of short-term value chains. In the second 
area, we emphasized the importance of the general 
digitalization in the SME network to enable the 
companies to use automation and data analytics. Finally, 
in the third area we argue that an inter-organizational 
knowledge transfer platform addresses the challenges of 
developing products in highly specialized industries. 
With our article, we create a basis for further research in 
manifold areas, such as SME networks, complex MC 
products, and MC capabilities derived from the analysis 
of an SME network in the German high-tech textile 
industry. Nonetheless, our article is not free of limitations. 
First, we only looked at a single case within a specific 

industry. Thus, our findings cover particularities that 
might not be relevant in other sectors. Second, the SME 
network does not cover all levels of a textile value chain. 
Involving additional partners, such as yarn 
manufacturing or confectioning could have affected our 
findings. Moreover, we focused only on three 
perspectives as our lens. Finally, our BPMN approach is 
merely process-oriented and thus further research 
should include a broader case study to cover more than 
processes and the three perspectives on MC in SME 
networks. The findings of this paper will be integrated in 
the embedding research project, PROFUND, with the 
goal of fostering MC in an SME network regarding B2B 
co-creation, distributed solution space development and 
robust processes supported by information systems. 
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Apstrakt 

Već skoro tri decenije, kastomizovana industrijska proizvodnja (MC) se opisuje kao održiv poslovni model za 
preduzeća u različitim sektorima. Ipak, uvođenje i uspešan rad MC pristupa je izazovan poduhvat za preduzeća svih 
veličina. U ovom radu, posebna pažnja se posvećuje malim i srednjim preduzećima (MSP), koja sve ćešće formiraju 
mreže preduzeća kako bi uspešno razvila složene, kastomizovane industrijske proizvode. Iako saradnja omogućava 
objedinjavanje nekoliko oblasti stručnosti, međuorganizacioni razvoj postavlja izazove u mnogim sferama. Kako 
bismo proučili ove izazove, uspostavili smo model mrežnih poslovnih procesa razvijen sa četiri MSP iz nemačke 
visokotehnološke tekstilne industrije. Na osnovu dosadašnje literature o mogućnostima MC-a, procenili smo izazove 
MC u mrežama MSP-a otkrivene u našem modelu mrežnog poslovnog procesa da bismo ukazali na potrebu za daljim 
istraživanjima. U našoj studiji predstavili smo detaljnu konceptualnu analizu scenarija, zasnovanih na našem modelu 
mrežnog poslovnog procesa, za tri ciljne oblasti: (1) kokreacija, (2) razvoj prostora rješenja, i (3) projektovanje 
informacionog sistema. Takođe smo ukazali na potrebu za daljim istraživanjima i naveli posledice za akademiju i 
praksu. 

Ključne reči: Kompleksnost, kokreacija, projektovanje informacionog sistema, razvoj novih proizvoda, MSP, prostor 
rešenja 




