
Mass Customization Capabilities in Practice – 
Introducing the Mass into Customized  
Tech-Textiles in an SME Network

1. Introduction

As a result of globalization and the removal of
trade protections, the European textile industry ex-
perienced a disruption. The textile industry describes 
the production of textiles from the production of 
threads and yarns to the textile fabric. In a broader 
sense, the machine construction for textile produc-
tion, the agricultural or chemical production of the 
raw materials of the textiles are also considered as 
preliminary stages of the textile value creation [1]. 
The subsequent stages of textile value creation are, 
for example, the clothing industry, in which cloth-
ing is designed, tailored, and traded [1]. In a narrow 

sense, the textile value creation is typically divided 
into the steps of yarn production (e.g., fiber or fila-
ment yarns), fabric production (e.g., knitted or wo-
ven fabrics), and finishing (e.g., dyeing, printing, or 
coating) [2]. The changes in the global market led to 
a decline in the textile sector in developed countries 
while developing countries strengthened their textile 
industry [3]. Forced by the competitive pressure, the 
European textile industry shifted towards value-add-
ing production steps (e.g., design, fabric testing, or 
quality control) and knowledge-intense production, 
especially the development and production of techni-
cal textiles [4]. Technical textiles are designed to per-
form specific functions (e.g., in the automotive and 

The German textile industry is dominated by small and medium-sized enterprises (SMEs) 
with limited resources and specialized skills producing customized technical textiles following 
an engineer-to-order approach. To expand their skills, SMEs form business networks. The 
development and production of customized technical textiles in networks are highly 
complex. The coordination requires high effort and results in inefficient and ineffective 
information flow, weakening the networks’ competitive advantage. Following a case study 
approach, we accompany an SME network over three years as they develop and 
implement a digital col-laboration platform. We derived a framework of micro-
foundations of Mass Customization capabilities supporting high-order Mass Customization 
capabilities for customer integration, solution space development, and robust processes. 
Thus, we present results on how an SME network in the textile industry leverages Mass 
Customization capabilities to increase efficien-cy via a digital collaboration platform.
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aerospace industry) and require intensive research 
and development for highly customized solutions [5]. 
These textiles are used in a wide variety of industries 
and usually have to meet very stringent performance 
characteristics. In the automotive industry, for exam-
ple, airbags and seat belts are among the technical 
textiles where the survival of the passengers depends 
on their characteristics and quality [2]. Technical tex-
tiles do not contain any parts or components, mak-
ing the technical textile industry a process industry 
similar to the chemical and metal-processing indus-
try, where the production knowledge is not about 
product modules but procedures and techniques 
[6]. Today, technical textile production represents 
over 30% of the European textile industry output [7]. 
Even though the textile industry in Europe experi-
enced a sharp decline by shifting towards technical 
textiles, the traditional sector still holds an important 
position in the global market as the second-largest 
textile and apparel exporter after China [8]. Firms 
in the technical textile sector compete on the basis 
of constant innovation and the development of new 
products, as commodification has not yet taken place 
[5]. The technical textile industry thus pursues an en-
gineer-to-order approach, which is characterized by a 
high degree of customization of the products, small 
production volumes and a high process complexity 
[9]. In order to reduce complexity, engineer-to-order 
firms in some cases pursue the strategy of carrying 
out a particularly large number of production steps in 
their own companies or modularizing and standard-
izing as many parts of the product as possible [10]. 
These strategies for complexity reduction in the con-
text of engineer-to-order lead to a convergence to-
wards a mass customization approach through higher 
efficiency in the production of individualized prod-
ucts [9]. The fragmented nature of the textile value 
chain, with SMEs organized in production networks, 
each firm performing essential production steps, 
makes the coordination of (technical) textile pro-
duction highly complex [11]. The development and 
production of customized technical textiles thus re-
quire high coordination efforts along the textile value 
chain. Inefficient and ineffective coordination result 
in long development and production periods, which 
weaken the competitive advantage of geographical 
proximity and short delivery times of European tex-
tile firms against Asian competitors. The path for 
technical textile producers towards the efficiencies of 
Mass Customization is therefore particularly difficult, 
and the foundations of the capabilities such compa-
nies need for it are under-researched.

This paper investigates how a production net-

work of four textile firms producing custom techni-
cal textiles can leverage Mass Customization (MC) 
principles to increase the efficiency and effectiveness 
in coordinating their production. The investigated 
firms rely on an engineer-to-order approach. In the 
engineer-to-order approach, the decoupling point 
where the customer can intervene in the design and 
manufacture of individual products lies upstream in 
the value chain [12]. By placing the customer decou-
pling point in the design and development stage of 
the value chain, the degree of customer integration 
is higher, and the solution space is more open [13]. 
Our embedded case study presents how firms can 
leverage MC-principles to increase the efficiency and 
effectiveness of an engineer-to-order approach.

The investigated firms implement a collabora-
tion platform for textile product configuration to 
realize IT-supported development and production 
of customized technical textiles. Configurators are 
a common approach among firms striving towards 
an MC-strategy [14], [15]. However, the introduc-
tion of such technology does not automatically result 
in a firm’s ability to execute an MC-strategy. Firms 
need to develop specialized capabilities to align new 
technologies with their goal of improved efficiency 
and effectiveness. Literature provides three MC-ca-
pabilities: solution space development, robust pro-
cess design, and customer integration [16]. Those 
capabilities are high-order capabilities [17], far away 
from actionable suggestions for firms. Hence, the 
question of which concrete and actionable capabili-
ties small and medium-sized textile enterprises with 
an engineer-to-order approach need to move towards 
MC-efficiency arises.

The literature highlights the integration of MC-ca-
pabilities of incumbent firms moving from mass pro-
duction to Mass Customization [16]. However, on 
the other side of the continuum, we find SMEs with 
an engineer-to-order approach, manufacturing indi-
vidual unstandardized products. Our study highlights 
the latter path towards the ideal state of Mass Cus-
tomization [16]. We illustrate this path following the 
logic of the illustration of Salvador et al. [18] for firms 
moving from mass production to MC (cf. Figure 1).

To address our research question, we derived mi-
cro-foundations of MC-capabilities, which are clos-
er to a firm’s operational capabilities and, therefore, 
more actionable for firms. Micro-foundations are 
defined as ‘the underlying individual-level and group 
actions that shape strategy, organization, and, more 
broadly, dynamic capabilities’ [19]. This paper pres-
ents a framework of micro-foundations of MC-ca-
pabilities supporting the high-order MC-capabilities 
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for business-to-business (B2B) firms. More specifi-
cally, we derived a subset of micro-foundations for 
networked engineer-to-order collaborations in the 
process industry from the real-world case of a textile 
network with four SMEs.

The remaining paper is structured as follows. 
First, we provide a theoretical background for Mass 
Customization capabilities by distinguishing between 
high-order capabilities and micro-foundations of 
Mass Customization capabilities. Then, we describe 
our research approach by presenting the case setting 
and the data collection and analysis.  Third, we pres-
ent our results. Therefore, we first present the Mass 
Customization micro-foundation framework and sec-
ond, how the SME network put suited micro-founda-
tions into practice. We close the paper with a discus-
sion of the results and a conclusion.

2. Background

2.1 Mass Customization Capabilities

Mass Customization is defined as “producing 
goods and services to meet individual customer’s 
needs with near mass production efficiency” [20]. 
However, as Salvador et al. [16] argue, Mass Custom-
ization is not a state where a firm knows each custom-
er’s needs precisely and fulfills those needs at mass 
production cost. Mass Customization is rather a pro-
cess towards that ideal state, which is impossible to 
achieve [16]. Firms can get closer to the ideal state by 
incorporating three core capabilities: solution space 
development, robust process design, and customer 
integration. 

A firm’s solution space clearly defines what prod-

uct variations it offers and what it does not. There-
fore, firms need to identify product attributes among 
which customer needs diverge significantly [16]. Ad-
dressing those heterogeneities generates the most val-
ue for customers. In contrast, expanding the solution 
space further by customizing attributes where cus-
tomer needs do not fall too far apart adds little value. 
At some point, adding more options reduces cus-
tomer value. Theory suggests an inverted u-shape of 
product variety and customer value [21]. Hence, it is 
crucial to identify where customer needs diverge and 
where customer needs are similar. Thus, a clearly de-
fined solution space allows to address heterogeneous 
customer needs and improve efficiency simultane-
ously [13]. Understanding customer needs is a cru-
cial part of solution space development. As customer 
needs can change over time, firms need to analyze 
those constantly and adjust the solution space.

To deliver products within the developed solu-
tion space, firms need to integrate a robust process 
design. Robust process design is a firm’s “capabili-
ty to reuse or recombine existing organizational and 
value-chain resources” [16]. Implementing a flexible 
and modular process design is a common way to de-
sign robust processes [22]. The key is to rearrange 
processes to allow product variation while ensuring 
near-mass production efficiency and reliability.

The third capability that supports a firm’s efforts 
to achieve Mass Customization is customer integra-
tion [13], [16]. This capability refers to a firm’s ability 
to support customers in identifying the product attri-
butes that meet their needs. Firms need to minimize 
the complexity of choice, as evaluation options come 
with costs for customers [21]. In extreme cases, the 
cost of choice can outweigh the additional benefit 
from having that choice [23]. Therefore, companies 

Figure 1. Continuum from mass production to engineer-to-order production
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need to carefully navigate customers’ choices in a way 
that supports the customer toward finding their cus-
tom product.

2.2 High-order Mass Customization  
Capabilities and Micro-Foundations

Teece, Pisano, & Shuen [24] present a firm’s 
overall capabilities in a hierarchical structure, where 
high-order dynamic capabilities are underpinned by 
micro-foundations, which are based on operational 
capabilities [25]. Operational capabilities are orga-
nizational routines and managerial skills that lay the 
ground for business processes and keep the business 
running. Micro-foundations of dynamic capabilities 
enable firms to adapt and adjust their operational 
capabilities. High-order dynamic capabilities are the 
strategic modification of operational capabilities to 
address opportunities, e.g., [24]. These high-order 
dynamic capabilities include competencies for sens-
ing, seizing, and transforming, which enables the firm 
to be innovative and responsive to the environment, 
e.g., [17], [26]. Firms that frequently adapt and adjust
their operational capabilities develop micro-founda-
tions through learned patterns that ultimately enable 
them to build high-order dynamic capabilities [25]. 

Similarly, Salvador et al. [16] present three 
MC-capabilities at the strategic level, which are rath-
er abstract and, hence, represent high-order MC-ca-
pabilities. Firms might find it challenging to build 
high-order MC-capabilities as they lack concrete 
guidance on how to do so. Following Teece et al. 
[24], we structure MC-capabilities into high-order 
MC-capabilities and micro-foundations of MC-capa-
bilities. Similarly, the Mass Customization literature 
refers to micro-foundations of MC-capabilities as 
MC-enablers (e.g. [12], [27], [28], [29]). Researchers 
have urged for the need of implementation guide-
lines for Mass Customization (e.g., [30]). 

We aim at introducing micro-foundations of 
MC-capabilities, which enable firms to adapt and ad-
just their operational capabilities. These micro-foun-
dations enable firms to ultimately build three 
high-order MC-capabilities, namely solution space 
development, robust process design, and customer 
integration.

3. Research approach

We examine the micro-foundations of MC-capa-
bilities in the context of a business network in the 
German textile industry in an embedded case study. 
The investigated case is the network, while the firms 

represent the embedded units of analysis [31]. To 
present our research approach, we first describe the 
case and then how data was collected and analyzed.

3.1 Case Description

Four SMEs that are positioned at different stages 
of the textile value chain constitute the investigated 
case. Our case includes one weaving firm, one knit-
ting firm, one textile finishing firm, and one coating 
firm. Thus, the level of analysis is the production 
network, not the four individual firms, which makes 
our case a single embedded case [31]. The weaving 
firm and the knitting firm produce textile fabrics us-
ing different technologies. The produced textile is 
then passed on to the finishing firm who cuts, wash-
es, fixes, dries, and irons textiles. For particular uses, 
the textiles need additional coating; this is where the 
coating firm engages. 

The firms in the network can each be a customer 
or supplier for each other. However, they can also act 
as competitors. For example, the weaver and knitter, 
as well as the coater and finisher can substitute each 
other’s services. Thus, the companies in the network 
have a classic coopetition relationship. Upstream 
of the network in the value chain are raw material 
suppliers, like chemical or yarn manufacturers, and 
downstream of the network are industrial customers, 
e.g., from the automotive industry or the medical sec-
tor. Figure 2 shows the interaction of the four com-
panies in the production network of our case study.

The produced textiles are not based on compo-
nents or parts which can be assembled on a modu-
lar basis. Instead, the processes are reconfigured to 
produce a textile, which supports the notion that the 
firms are actors in the process industry. Due to the 
fragmented nature of the value chain, the firms are 
heavily dependent on the other firms along the value 
chain. The investigated firms serve business custom-
ers with technical textiles (i.e., the firms operate in a 
B2B context). The firms have focused on serving a 
niche market demanding highly complex textiles with 
dedicated purposes requiring custom solutions. With 
a deep understanding of customer needs and great 
experience, the firms translate the needs into custom-
ized textile solutions. The firms engage in textile sam-
pling and research and development activities if exist-
ing textile solutions cannot meet customers’ needs.

Customers value the firms’ flexibility, reliabili-
ty, speed, and geographical proximity. As the firms 
follow an engineer-to-order approach, customer re-
quirements present a key resource, which enables 
the firms to develop and provide their products. The 
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requirements also enable the firms to expand their 
repertoire of existing solutions, which can then be of-
fered to other customers. This is a typical pattern for 
the engineer-to-order production approach, where 
the solution space is not fixed and evolves with each 
new customer instead. Prior to adopting an MC-ap-
proach to increase efficiency, the complex value cre-
ation process in the network was weakly standardized 
and barely digitized [37]. In this setting, the 
companies have decided to establish a digital 
collab-oration platform based on MC-principles 
[38]. The goal was to create a joint IT support to 
make the development of technical textiles more effi-
cient with partners and customers.

3.2 Data Collection and Analysis

To identify micro-foundations of MC-capabil-
ities, we collected data from various sources. First, 
we searched the field and gathered information from 
existing product configurators. In a second step, we 
conducted ten semi-structured interviews with (a) tex-
tile industry firms using product configurators and 
(b) developers of product configurators (cf. Table 1). 
We integrated the results from the field analysis into 
the expert interviews to validate the findings.

Identifying the micro-foundations of MC-capa-
bilities, we followed an iterative approach. First, we 
analyzed the field data on product configurators. The 
analysis derived mainly micro-foundations of MC-ca-

Figure 2. Single embedded case setting with four firms

Table 1. Information about the expert interviews

Firm category Position Industry field Business area Duration 

A. Textile firm with product 
configurator

Local IT Manager Packaging textiles
B2B

30 min

Head of work preparation Soft furnishings 46 min

Division Manager Variants / Pricing / 
E-commerce Soft furnishings

B2B, B2C

46 min

Managing Director Soft furnishings 59 min

Head of digital services Soft furnishings 42 min

B. Software development 
firm for product  
configurators 

Managing Director Information Technology
B2B

58 min

Managing Director Information Technology 50 min

C. TechTex company with-
out product configurator 

Managing Director Technical Textiles

B2B

41 min

Head of Research & Development Technical textiles 47 min

Managing Director Technical Textiles 29 min
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pabilities for customer integration and solution space 
development. The workshops with MC experts add-
ed valuable insights into robust processes underlying 
the micro-foundations of MC-capabilities. In the first 
iteration, we were able to identify 46 micro-founda-
tions of MC-capabilities. Conducting semi-structured 
interviews [32], we not only amained to derive ad-
ditional micro-foundations from textile industry 
experts but also to validate the micro-foundations 
identified in the field study. In a second iteration, 
comparing interview data and field data, we dropped 
26 micro-foundations as those were not suited for the 
B2B-context. The framework was used as an analyti-
cal lens to investigate the collaboration platform in the 
case of the four textile firms. Of the remaining twenty 
micro-foundations, nine have been implemented in 
the digital collaboration platform. Finally, the data 
from the field and literature search, the workshops, 
semi-structured interviews, and the case study were 
consolidated in a data triangulation [31] to form the 
final version of the framework. In addition, the inves-
tigation of the platform showed that the framework 
had a positive effect on the platform design, as some 
features, such as the property visualization of the tex-
tiles, were introduced by the four textile firms based 
on the insights into the micro-foundations of Mass 
Customization. Figure 3 shows the timeline of data 
collection for the case presented.

4. Results

The following section presents the overall struc-
ture of the developed framework for the B2B-con-

text and the nine implemented micro-foundations in 
detail.

4.1 The Mass Customization  
Micro-Foundation Framework for the 
Textile Industry

In this section, we present an overview and struc-
ture of the validated twenty micro-foundations of 
MC-capabilities for the textile industry. We identified 
three overarching themes (numbered I-III) structur-
ing four micro-foundations (numbered 1-4) of the 
high-order MC-capability solution space develop-
ment. Developing a solution space customer hetero-
geneity (I) plays an important role and includes the 
analysis of past configurations, which enables firms 
to identify and account for customer heterogeneities. 
The solution space architecture (II) determines how 
the solution is built. The solution space strategy (III) 
determines how and under what circumstances a 
firm adjusts its solution space. 

For the robust process design, we identified four 
themes (numbered IV-VII), structuring seven mi-
cro-foundations (5-11). Robust process design needs 
a flexible production system (IV) to enable the de-
veloped solution space. Many firms rely on modu-
larity (V) for robust process design. The concept of 
robust process design includes the postponement of 
customization to late production stages and modular 
processes, which can be reconfigured. Information 
processing (VI) and the integration of network part-
ners (VII) presents important themes for robust pro-
cess design. 

We identified four themes (numbered VIII-

Figure 3. Timeline of the study
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XI), structuring nine micro-foundations (numbered 
12-20). Capturing customer need (VIII) presents a 
crucial step of customer integration, followed by 
matching the captured need (IX) to a product con-
figuration. Furthermore, firms support customers in 
evaluating the product configuration (X). Firms also 
often support customers (XI) configuring products 
with help-functions and pre-configurations to find a 
product the fits their needs. Figure 4 illustrates the 
MC-micro-foundation framework.

4.2 Micro-Foundations in Practice

The firms in our case study identified nine mi-
cro-foundations as suited to efficiently and effectively 
collaborate on developing and producing custom tex-
tiles. By implementing the micro-foundations in their 
collaboration platform, the firms validated the im-
portance and practical relevance of the micro-foun-
dations in our framework, which is derived based on 
field and literature search and expert interviews. In 
this section, we first briefly describe the collaboration 
platform before presenting the validated micro-foun-
dations and showing how these correspond to func-
tions in the platform.

The collaboration platform implemented by the 
production network allows the firms to exchange in-
formation on production configurations, including 
customer requirements and the configuration of the 
production (who is doing what to produce the tex-
tile) along the textile value chain. The platform of-
fers various functions for this purpose. The existing 
knowledge about feasible products is available in the 
network in a standardized digital form and serves as a 
knowledge database. For this purpose, valid product 
developments are broken down into configurations 
at the production process level and are stored in the 
platform. Furthermore, the storage of valid solutions 
and the corresponding process steps allow the firms 

to re-produce valid textile solutions quickly by reper-
forming the stored process steps. 

The stored combination of process steps success-
fully carried out for the production of a textile can be 
used for textile development by re-configuration of 
existing solutions. It also serves as a basis for recom-
mendations for the development of new textiles. The 
use of the collaboration platform enables the firms 
to take a step towards Mass Customization and stan-
dardization in the area of complex engineer-to-order 
products in the process industry (i.e., there is no 
component-based product platform and no product 
modules) by introducing process modularity. Hence, 
process modularity reduces the complexity of the 
production of technical textiles. 

The digital collaboration platform consists of 
four essential components: knowledge base, process 
configuration component, analytics component, and 
overarching platform that provides the components 
[39]. The configuration via the platform is multi-
level. First, a request for product development in 
the network is created using a need-based config-
uration. The network can then be configured (which 
partners are involved in the product development). 
Finally, the production process is configured (which 
production steps are carried out on which machines 
with which parameters by which company).

The production of textile products is complex, as 
it involves several firms, each performing a specific 
task along the value chain. Hence, the solution space 
of a textile depends on the limits of each of the firms 
involved. Configuring textiles in the early stages of 
the value chain allows for maximal variety. In con-
trast, in the late stages, the configuration is limited by 
the attributes set by the previous production process-
es. To provide customers with custom textiles that 
fit their needs, firms should be aware of the limits of 
firms upstream and downstream of the value chain. 

Figure 4. Overview of the Mass Customization micro-foundation framework 
(implemented and validated micro-foundations highlighted)
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The collaboration platform integrates the solution 
space of the partners, enabling users to configure tex-
tiles considering the solution space along the value 
chain. Three micro-foundations were found suitable 
to define the solution space of the textile production 
network: solution space layers, analysis of past config-
urations, and continuous adaption of solution space. 

Defining different solution space layers allows 
firms to vary the degree of customization. In our 
case, we identified four solution space layers in the 
platform. In the first layer, customers can choose 
from existing textile configurations (pre-configura-
tions). Those products can be easily produced, as the 
production parameters (i.e., inputs, machine settings) 
are known and do not require textile sampling. The 
second layer also allows customers to choose from 
existing configurations but request simple changes 
(e.g., the thickness of the textile, color of the textile). 
Simple changes can be implemented with little effort. 
In the third layer, customers can freely configure tex-
tiles within the solution space. The firms engage in 
textile sampling to find a suitable solution and deliver 
the product. If the samples do not satisfy, the firm 
and the customer can decide to engage in research 
and development activities to perfectly meet the cus-
tomer’s needs, which is the fourth layer of the solu-
tion space.

The analysis of past configurations is found to be 
a micro-foundation of solution space development 
among mass customization firms. Firms analyze past 
configurations to understand customer needs bet-

ter. Past configurations can provide favored config-
urations, which can be used as pre-configurations. 
Pre-configurations that meet many customers’ needs 
are beneficial for customers and firms alike. Cus-
tomers save time configuring a product. The firms 
benefit from economies of scale since the pre-con-
figurations will be ordered more often as they meet 
many customers’ needs. They can pass on the cost 
savings to the customers, which will make the prod-
uct cheaper and even more attractive compared to 
going through a configuration process. Besides de-
riving pre-configurations from past configurations, 
the platform implements a matching algorithm. Us-
ers can configure a textile, but instead of requesting 
a custom product, they can request to compare their 
configuration with existing solutions. The algorithm 
lists past configurations similar to their request with 
information on the degree of similarity and where the 
differences are (cf. Figure 5). In the “Status” column, 
the platform shows whether the development has 
been successfully completed (check symbol), is still 
being processed (form symbol) or has been abort-
ed (X symbol). The “Status” and “Match” columns 
help firms to estimate whether the feasibility of the 
new configuration is high (high similarity to success-
fully completed textile developments), or low (high 
similarity to failed textile developments). Similar to 
this micro-foundation, the automatic identification of 
similarities across products is a promising practice in 
engineer-to-order approaches [33].

Successful providers of custom products lim-

Figure 5. Analysis of past configurations on the collaboration platform
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it their solution space to reduce complexity. At the 
same time, they continuously adapt their solution 
space to changing customer needs. Those changes 
can be seasonal or follow long-term trends. A long-
term trend in the German textile industry is the focus 
on technical textiles as opposed to home and apparel 
textiles. The firms in our case study follow this trend. 
They constantly evaluate whether they need to adjust 
their solution space to emerging needs in the textile 
industry. Those considerations often take place when 
customers’ needs cannot be met using existing re-
sources. The limitations can be due to machine spec-
ifications or due to limited knowledge. Knowledge 
is regularly expanded through research and develop-
ment activities, which constantly enlarges the solution 
space and feeds the platform with pre-configured 

products. Solution space limits based on machine 
specifications can be adjusted within the platform by 
the firms through an administration function. The 
function is shown in Figure 6. The firms can add 
or remove configuration options (e.g., a firm can 
decide to produce only textiles of a single color and, 
hence, remove the configuration option to choose 
from dif-ferent colors) or adjust the range of the 
configura-tion options (e.g., add or remove colors, 
increase the maximum temperature resistance).

The investigated production network possesses 
capabilities to ensure a robust process design. The 
developed collaboration platform supports a robust 
process design by integrating distributed production 
and process modularity. 

Distributed production – also known as cloud pro-

Figure 6. Continuous adaptation of solution space on the collaboration platform

Figure 7. Distributed production on the collaboration platform
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ducing or local manufacturing – is a way to decentral-
ize production by utilizing production resources that 
are geographically spread and coordinated through 
IT solutions. The firms in this case study rely on dis-
tributed production as each firm performs one step 
along the value chain. Even though each firm’s pro-
duction step is essential, none of the steps alone is 
sufficient to produce an entire textile. 

The configuration platform enables the firms to 
coordinate their production and development of cus-
tom textiles in an integrated system. A firm receiving 
an order (coordinator) can add firms from the tex-
tile network needed to fulfill the order. The coor-
dinator also suggests a production plan (e.g., who is 
doing what and in which order). The firms added 
by the coordinator automatically receive a request, 
which they can accept, reject, or suggest changes to 

(e.g., postpone the production by some days). Figure 
7 shows how distributed production can be 
coordi-nated in the configuration platform. The 
upper part of the figure shows an order 
coordinated by firm A. The lower part shows a 
simplified production plan listing all firms needed 
to fulfill the order (i.e., firm A and firm B).

Process modularity enables firms to reconfigure 
their processes to meet customer needs [34] and is 
established in the production of custom products. 
For example, the finishing firm’s production line is 
conceptualized in a way that single process steps can 
effortlessly be skipped. If necessary and economical-
ly reasonable, the finishing firm temporally adjusts 
the production line beyond simply skipping process 
steps (e.g., borrow a machine to add a process step 
for a high-volume order). Similarly, the coating firm 

Figure 8. Process modularity on the collaboration platform

Figure 9. Need-based configuration on the collaboration platform
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can flexibly configure single production processes. 
To enable creating a detailed production plan, the 

textile network digitalized their modular processes 
(i.e., the firms defined their modular processes on 
the platform). Figure 6 shows the different process 
modules of the finishing firm. The coordinator of an 
order can select single process steps creating a de-
tailed production plan. The finishing firm can adjust 
the production plan when receiving a production re-
quest. 

Coordinating the modular processes on the con-
figuration platform allows distributed production 
while taking the machine capacities and processes of 
each partner needed to fulfill an incoming order into 
account. Hence, enabling more efficient and reliable 
coordination of production resources.

Customer requirements constitute a key resource 
for the investigated firms. To capture the require-
ments, firms need to integrate the customer. Cus-
tomer integration is enabled by the configuration 
front-end of the collaboration platform. The plat-
form implements four micro-foundation of customer 
integration: need-based configuration, sales configu-
ration, pre-configuration, and visualization.

A need-based configuration is an approach where 
customers are asked to state their needs, preferenc-
es, and expected outcomes, i.e., the textile’s intended 
use, the attributes the textile must have (e.g., water-
proof, scratch-resistant). The need-based configura-
tion as opposed to a parameter-based configuration, 

where customers are asked to state specific input pa-
rameters. The configurator implemented by the tex-
tile production network does not ask the customer 
to choose a yarn, a finishing chemical, and a coating 
but rather asks what requirements the textile needs to 
fulfill (cf. Figure 9).

In B2C-contexts, one often find web configu-
rators for fast-moving consumer goods (e.g., food, 
cosmetics). Those configurators are operated by the 
customer to create their desired product and order it 
directly via the website. For highly complex products, 
where specific know-how is necessary to operate the 
configurator, sales configuration is a common ap-
proach. In a sales configuration, a sales employee is 
operating the configurator to capture the customers’ 
requirements. Configuring textiles is highly complex. 
Therefore, the primary use of the configurator is the 
sales configuration. However, firms can give access to 
the configurator to knowledgeable customers. 

Pre-configuration is a thriving practice for integrat-
ing customers. Instead of starting from scratch, cus-
tomers are offered pre-configured products. In the 
investigated case, the firms add configured textiles 
continuously to the collaboration platform contribut-
ing to a growing base of pre-configurations. Users of 
the configurator (customers or sales employees) can 
access the order history to re-order pre-configured 
products. 

Re-ordering pre-configurations refers to the first 
solution space layer. The platform allows the user 

Figure 10. Pre-configuration on the collaboration platform
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to make adjustments to the pre-configured products 
to meet specific customer needs. If customers make 
simple changes, they enter the second solution space 
layer. By making changes that require textile sampling 
(i.e., firms making a couple of iterations following a 
trial-and-error approach to meet customer needs), 
customers enter the third solution space layer. Figure 
10 shows the order of a pre-configuration. The 
user chooses from a number of pre-configurations 
in the field “item number” (first solution space 
layer). By selecting the item number, the 
configurator automat-ically sets all options. Users 
can then check whether the specifications satisfy 
their needs. If not, they can make adjustments and 
thereby enter the second or third solution space 
layer.Users can also choose not to rely on pre-configu-
rations but rather start the configuration from scratch 
and insert their requirements (compare Figure 9, 
need-based configuration). From here, users can ei-
ther enter the fourth solution space layer and engage 
in research and development activities with the firms, 
or they can use the function “analysis of past con-
figurations.” Suppose the analysis finds a configura-
tion that satisfies users’ needs. In that case, users can 
choose to order the pre-configuration (first solution 
space layer) or again make adjustments to the config-
uration (second or third solution space layer). The 
combination of pre-configuration, solution space 
layers, and analysis of past configurations allows sav-
ing research and development costs whenever pos-
sible. A growing database of pre-configurations will 
increase the chances that users order pre-configured 
products. 

The visualization of configured products is an es-

tablished practice for consumer goods. Visualizing 
configured textiles, however, is rather difficult and 
often does not add essential value. Finishing a textile, 
for example, does not change its visual appearance. 
However, it is possible to visualize some key features 
of the textile to show these important attributes at a 
glance and for easy comparison. Figure 11 
illustrates how the visualization of the textile 
configuration is now realized in the collaboration 
platform. The cake chart indicates to what extent 
each listed attribute is pronounced; the bigger the 
cake piece, the more the attribute is pronounced. 
The cake chart in Figure 11 presents a medium 
weight (green piece) textile with a low to medium 
strength crosswise (dark blue piece),  a high 
strength lengthwise (orange piece), a medium 
temperature resistance for high temperatures and 
low temperature resistance for low temperatures 
(light blue piece).

5. Discussion

The Mass Customization literature provides
high-order MC-capabilities, which are necessary for a 
firm’s success in pursuing an MC-strategy [16]. How-
ever, those capabilities are rather abstract and, espe-
cially for SMEs with limited time and resources, dif-
ficult to grasp [35]. Following the capability hierarchy 
of Teece et al. [24], we derived micro-foundations 
that provide actionable guidance for textile SMEs on 
how to build high-order MC-capabilities (i.e., solu-
tion space development, robust process design, and 
customer integration). Our study contributes to the 
Mass Customization literature by introducing an inte-
grated framework of micro-foundation of high-order 

Figure 11. Visualization of the textile configuration on the collaboration platform
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MC-capabilities. Our research fills a gap between the 
high-order MC-capabilities of firms [16] and oper-
ational capabilities that managers in Mass Custom-
ization firms need to have [36]. An example of this 
interconnection of the hierarchical MC-capabilities 
may be as follows: At a high order, firms need the ca-
pability of robust process design. At the micro-foun-
dation level, they may rely on distributed production, 
and their employees, therefore, need negotiation ca-
pabilities at an operational level [36] to coordinate 
distributed production between companies efficient-
ly.

In our case study, the firms put nine micro-foun-
dations into practice by integrating them into the 
digital collaboration platform. Hence, our study pro-
vides a set of nine validated micro-foundations of 
MC-capabilities. We contribute to the literature by 
highlighting the path of SMEs in fragmented process 
industries with an engineer-to-order approach mov-
ing towards an MC-approach (cf. Figure 1). 

At the same time, the validated micro-founda-
tions can be applied in practice, as they can serve 
textile networks striving for MC-efficiency to develop 
high-order MC-capabilities. Furthermore, the nine 
validated micro-foundations can also be transferred 
to other process industries (e.g., chemical and met-
al-processing industry) following an engineer-to-or-
der approach. The overall framework can be used 
to identify additional suitable micro-foundations for 
other B2B-contexts. The actionable micro-founda-
tions can help firms to develop high-order MC-ca-
pabilities. 

Our study is not free of limitations. We present 
micro-foundations of MC-capabilities based on a sin-
gle case study. The transferability of the micro-foun-
dations to other industries is therefore not necessarily 
given. By carefully mapping out the characteristics of 
our case (i.e., engineer-to-order approach, SMEs, 
fragmented network production, process industry), 
we defined the borders of the transferability of our 
results. However, we aim – and also encourage other 
researchers – to empirically validate the overall mi-
cro-foundation framework.

For future research, we aim at validating the ef-
fect of the presented, implemented micro-founda-
tions. Did the efficiency and effectiveness of the engi-
neer-to-order approach actually increase through the 
use of the collaboration platform? This is a research 
question we aim to address in future research. There-
fore, we conducted initial interviews with each firm 
and conceptualized a quantitative survey measuring 
the use of the digital collaboration platform.

6. Conclusion

In our case study, we present a framework struc-
turing the micro-foundations of MC-capabilities. 
More specifically, we presented nine validated mi-
cro-foundations in detail, which provide fragment-
ed process industries with an engineer-to-order ap-
proach with actionable insights on how to leverage 
MC-principles and develop high-order MC-capabil-
ities. The firms of our case study developed a col-
laboration platform for textile product configuration 
entailing the nine presented micro-foundations. The 
collaboration platform and the implemented mi-
cro-foundations helped the firms to break down their 
complex processes and define their solution space. 
Furthermore, customer integration is standardized 
using the developed platform, and customer require-
ments can be shared along the textile value chain. 
Overall, the aim of the developed platform is to allow 
the firms to exchange information on product devel-
opment and production more efficiently and more 
effectively in the production network. By develop-
ing MC-capabilities through the implementation of 
micro-foundations, the firms were able to leverage 
MC-principles aiming to introduce efficiency into an 
engineer-to-order approach for custom textiles. The 
digital collaboration platform has the potential to re-
duces development and production times, a crucial 
competitive advantage in the textile industry [11]. 
Hence, the micro-foundations of MC-capabilities 
embedded in the digital collaboration platform aim 
to strengthen the firms’ competitive advantage and 
ensure their survival.
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