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1. Introduction 

The ongoing digital transformation is changing work and production environ-
ments. While this leads to adaptation pressures, it also offers potential for com-
petitive advantages. Particularly small and medium-sized enterprises (SMEs) in the 
European textile industry are confronted with numerous challenges associated 
with the digital transformation. Moreover, this sector is traditionally characterized 
by global competition and rapid changes in trends and markets. Under these gen-
eral conditions, demand-oriented development and efficient use of competences, 
both individual and organizational, are becoming ever more important for success. 

Accordingly, this paper covers competence development approaches on individual 
and organization level. The latter comprises both intra-organizational and inter-
organizational activities and processes facilitating self-organized development of 
competences on firm level, e.g. by supporting collaboration in networks. The in-
dividual level includes activities and processes that can be directly linked to value 
creation on the shop floor. Hence, employees' individual competences are in focus.  

On individual level on the shop floor there is a high degree of pressure on em-
ployees and their managers to adapt to changing conditions. The pressure on em-
ployees to adapt their competences is primarily driven by small production lot 
sizes, shorter product life cycles and faster technological advancements that 
quickly devalue relevant knowledge, and by fundamental change in value creation 
processes due to the digital transformation (Bauernhansl et al. 2018). Additional 
pressure results from a shortage of skilled workers and from challenges arising 
from the significant demographic and cognitive diversity of the workforce.  

The Research Council of the Platform Industry 4.0 published a study investigating 
the research and development needs for the successful implementation of Industry 
4.0. This acatech-study calls for new approaches to competence development and 
employee qualification, offering a differentiated view on leadership functions in 
various hierarchical, horizontal or network contexts. The study further illustrates 
how new decentralized and situationally adaptable solutions that enable self-orga
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nized learning paths and informal competence development are becoming a ne-
cessity for all actors in the industrial production process to acquire essential com-
petences (Forschungsbeirat der Plattform Industrie 4.0 2019).  

As much as the concept of individual competence development provides a valua-
ble approach for the upcoming scenarios, one has to bear in mind that individual 
competences unfold their full potential in situations that foster their combination 
and interaction. Trough collaboration, complex problems can be approached and 
solved.  

Approaches to support self-organized learning paths and dynamic, role- and actor-
based models for collaborative knowledge generation already exist on organization 
level. There they have proven to be worthwhile, especially when considering SMEs 
with their specific environments and innovation processes (Matheis 2019). At the 
Center of Management Research of the German Institutes of Textile and Fiber 
Research Denkendorf (DITF), corresponding approaches for the textile industry 
and related sectors have been developed in recent years (Matheis et al. 2017; 
Matheis, Lau, Hirsch, & Tilebein 2014). From these, findings can also be trans-
ferred to production processes on shop floor level.  

This paper presents challenges of collaborative competence development and ap-
proaches to solve them on different levels of the organization. Also, it explains 
specific implementations based on project examples. 

In Section 2, the paper provides an overview of the challenges and drivers associ-
ated with competence development under the digital transformation. It describes 
technical advancements due to the digital transformation, as well as relevant soci-
etal trends. Afterwards, it considers resulting challenges for competence develop-
ment on different organizational levels. 

In Section 3, the general aspects of competence development are put into the spe-
cific context of the textile industry. After a short portray of that industry the gen-
eral challenges described in Section 2 are reflected from the perspective of textile 
companies. 

In Section 4, the paper reports first solutions towards collaborative approaches for 
self-organized competence development for the textile industry that match the 
needs and challenges described in Section 3. In detail the concepts of Smart Net-
works and the research projects InnoQuality, TexWIN, and TELL ME serve to 
demonstrate sample solutions on organization and individual level respectively. To 
bridge the gap between those two levels, new leadership models and the concept 
of self-organized learning paths present suitable approaches to implement the con-
cept of self-organized competence development. 

Finally, Section 5 summarizes the paper and points towards avenues for further 
research.   
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2. Challenges and Drivers for Competence Development Under the 
Digital Transformation 

2.1. General Drivers 

At present producing companies are faced with shorter product life cycles and 
faster technological advancement that lead to a constant need for innovation. The 
focus thereby moves towards increased individuality in products and services. The 
employees in development and value creation processes not only have to handle 
the increasing variety of customer-specific products, but also innovations in pro-
duction processes and technologies. This way, routines have to be adapted perma-
nently and novel competences to deal with new technical systems have to be de-
veloped (Forschungsbeirat der Plattform Industrie 4.0 2019). 

German producing companies, and SMEs in particular, have a long-standing tra-
dition in highly specialized value creation. Their development and production ac-
tivities are based on knowledge-intensive processes and knowledge work featuring 
high complexity and continuous innovation. In this area specific work-related ex-
periences and creative problem-solving skills of employees are highly in demand. 
At the same time, an academization trend is taking place. More young people than 
ever are pursuing a university degree, thereby replacing other forms of education 
such as apprenticeships or dual training programs which further increases the need 
for automation in production. (Hertle et al. 2015) Furthermore, demographic 
change accounts for greater diversity as well as greater differences in society and 
workforces (Hilf & Tilebein 2013). 

Given these conditions, ongoing adaptation and learning becomes essential. Turn-
ing to customer-specific products which are characterized by unique orders and 
individual requirements, learning becomes particularly necessary. While fixed rou-
tines are still applicable on the overall process level, specific problems arising from 
each individual order differ from each other. (Hube 2005) 

While the digital transformation accelerates the ongoing changes by increasing the 
pressure on organizations to adapt, it also provides opportunities to manage these 
changes. Assistance systems can for example provide help by supporting staff in 
value creation processes. (Bauernhansl et al. 2014) 

On the technical side, decentralization and self-organization in the areas of inter-
action, information processing and decision-making are relevant principles of In-
dustry 4.0 applications. These principles bear great advantages for system adapta-
bility, robustness and resilience.  

However, so far the application of these principles has mainly focused on the tech-
nical subsystems of the Industry's socio-technical systems. In order to make their 
socio-technical systems thrive as wholes, companies have to embrace the new 
chances arising from the digital transformation and to permanently develop their 
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competences according to need throughout all organizational levels. (Adam et al. 
2019; Vernim et al. 2019) 

2.2. Competence Development on Organization Level 

On organization level, it is the organization’s task to identify, develop and use 
competences in order to enable innovation and organizational learning. Organiza-
tional competences are complex high-level organizational routines that meet spe-
cific market requirements. In this sense, they are valuable resources that can con-
tribute to maintain a sustainable competitive advantage. Thus, from an organiza-
tion’s view, a main challenge resulting from the changes mentioned above is to 
integrate and embrace staff and competence diversity on all organizational levels. 
Diversity should be turned into a resource for competence development and re-
newal and for gaining competitive advantage in the ever-changing environment of 
the digital transformation, while balancing exploitation and exploration. (Tilebein 
2007) 

In addition, the constant need for innovation in combination with an increasing 
digitization of products and processes requires companies to acquire new compe-
tences outside of their core competences. Competence development through 
learning from other experts and the ability to collaborate within networks are 
therefore becoming key to successful innovation (Mazzerol & Reboud 2008; 
Nonaka et al. 1997). 

However, in order to integrate external knowledge companies face the challenge 
of opening their own processes to customers, suppliers, complementors and com-

petitors (Dooley & O’Sullivan 2007; Müller‐Seitz 2012). Considering competences 
and information as a resource, mere access to competences and information is 
usually not sufficient to achieve competitive advantage. This means that the com-
petence to cooperate with partners in networks is becoming more and more im-
portant and, through the resulting exchange of knowledge, is increasingly becom-
ing the key to successful collaboration (Lau & Tilebein 2013).  

Temporary innovation networks are formed featuring a collaborative and project-
like environment. These networks are further characterized by a variety of auton-
omously acting participants with different goals, cultures and work contexts 
(Camarinha-Matos & Afsarmanesh 2005). In order for such a dynamic network to 
be temporarily successful, new competences in leadership and self-organization of 
all participating actors to coordinate and control the activities within the collabo-
ration are essential. 

Various concepts address these missing collaboration competences on organiza-
tion level. Agile management, actor-oriented architecture, Smart Organization and 
Smart Networks derived from the latter are concepts already introduced utilizing 
an agile, actor-oriented, and role based approach to collaborative work (Filos 2006; 
Fjeldstad et al. 2012; Lau et al. 2015). However, the successful implementation of 
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these dynamic network concepts depends on the ability of companies to develop 
new competences in these novel collaborative forms of value creation. This com-
prises learning new tools, processes and methods. 

Looking at the concept of Smart Networks in particular, initial approaches on how 
innovation processes in smart networks can be supported from idea to market 
launch are described (Matheis, Tilebein, Hirsch, & Lau 2014). In these dynamic 
networks actors can take different roles over time, which results in the need for 
dynamic positioning of all participants. This presents the challenge of developing 
actor specific as well as situation and process specific competences.  

2.3. Competence Development on Individual Level 

The general drivers described in Section 2.1 also affect individual competence de-
velopment of production personnel on the shop floor (Tenberg & Pittich 2017). 
The activities in production are changing in terms of complexity and frequency of 
renewal. Renewal in this sense describes activities with which employees are con-
fronted for the first time and for which they cannot fall back on approved solu-
tions from own experience-based knowledge (Hube 2005). Complexity and nov-
elty are the two defining dimensions of the concept of so-called "knowledge 
work". This form of work is required when activity-related problems cannot be 
solved routinely and are highly complex.  

A first challenge when it comes to individual competence development is to pro-
vide a reliable measurement system of competences in socio-technical production 
systems. This is necessary to find a balance between available and needed compe-
tences (Jacobs et al. 2021). Such a measurement could build the basis for a com-
petence development process including the phases of learning initiation, interac-
tion, cognitive problem solving, operational solution implementation and reflec-
tion on the performance of the activity (Sobbe et al. 2016). In addition to imple-
menting a dedicated competence development process, designing a structured ap-
proach to identify the required competences of employees with respect to future 
work conditions (for example the usage of assistance systems, digital assistants, or 
exoskeletons) presents a challenging task. (Vernim et al. 2019)  

A second challenge regarding individual competence development is to enable sit-
uation specific work-based learning (Jacobs et al. 2021). Consequently, "knowledge 
work" must be implemented in the form of informal but intentional work-based 
learning in order to promote competence development. In this context, techno-
logical and methodological support could enhance competence development. 

Thus, providing technological support for work-based learning is a driver, but also 
a challenge for individual competence development. In any innovation context 
there are barriers to overcome. In the context of individual competence devel-
opment this means to create technological solutions which are accepted by the 
employees and furthermore foster the motivation for situation specific work-based 
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learning. Therefore, ergonomically accentuated digital assistance systems can be 
used to provide information that specifically support employees in problem solv-
ing, decision making and reflecting on solutions (Adam et al. 2019). 

3. Specific Situation in the German Textile Industry 

3.1. General Overview of the Textile Industry  

The German textile industry, one of the most important consumer goods sectors 
(BMWI 2021; Umweltbundesamt 2019), is characterized by a large number of dif-
ferently positioned SMEs and by operating under cost pressure. With its more than 
1,400 companies, it generates an annual turnover of around 32 billion euros (of 
which around 60% account for textiles and 40% account for apparel), making it 
the market leader in Europe. In particular, small and medium-sized enterprises 
(SMEs) characterize the textile and clothing industry; 93% of all companies have 
less than 250 employees. Besides the clothing sector, the German textile industry 
is supplier for several other industries such as the rubber and plastic industry, the 
automotive industry, mechanical engineering, the electrical industry, and the con-
struction industry. (Textil+mode 2021a, 2021b) 

Being a supplier industry, the German textile industry has to cope with a wide 
range of requirements from various customer industries. In this situation the textile 
industry benefits from the flexibility of the existing textile machinery, that is basi-
cally able to handle different materials such as traditional textile semi-products as 
well as new textile products like carbon fibers or metal wires. Thus, textile manu-
facturing processes offer a multitude of possibilities, if the industry succeeds to 
close the gap between technical possibilities, integration requirements and neces-
sary competences. (Artschwager et al. 2017)T 

he capability of the textile industry to combine traditional and "new" materials is 
related to traditional frequent changes in customer behavior and market structure. 
The German and European textile industry undertook a major change in the fields 
of application. It turned from mass production to knowledge intensive products 
for new markets and high technology applications such as smart textiles, medical 
devices or lightweight structures. Therefore, the development of new business 
models such as collaborating with other sectors is a key success factor for modern 
companies in the textile industry. (Tilebein 2017) 

The general development in the manufacturing industry towards lean processes 
and structures has resulted in highly specialized companies also in the textile in-
dustry. The expertise within the companies, which are often times SMEs, is limited 
to specific process stages. However, increasing customer requirements and in-
creasing complexity often require knowledge exchange across several process 
stages. (Artschwager et al. 2017) 
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Similar to other industries, the textile and clothing industry is in the midst of a 
digital transformation, which requires a fundamental structural change of organi-
zations, processes, and information and communication technology (ICT) infra-
structures. While the current ICT infrastructure of companies often is designed 
for specialized and self-contained activities within the organization, the digital 
transformation now also enables digital exchange with partners and customers in 
dynamic networks. Nevertheless, the current systems are neither designed for this 
nor do the employees have the corresponding competences. Furthermore, the de-
mographic situation within the textile and clothing industry together with the de-
cline in qualified workers requires new solutions for work-based competence de-
velopment. (Artschwager & Tilebein 2017) Thus, in the textile industry, just like in 
the producing industry in general as sketched in Section 2, there is a strong need 
for approaches towards competence development on organization as well as on 
individual level, and in the alignment of the two.  

3.2. Challenges on Organization Level: Product and Process Innovation  

High value-adding processes for knowledge-intensive textile products and services 
are facing growing complexity and therefore call for close partnerships. Especially 
for companies which are increasingly acting across sectoral borders functional as 
well as technical interoperability has become tremendously important. Only by 
trustful collaboration between partners, required knowledge and competence can 
be acquired, shared and used to develop targeted innovative products and services 
for new customers and target markets. However, even after including the right 
partners in the first phases of development, companies have to ensure that com-
petences gained in these early steps will be available throughout the whole product 
life cycle in order to guarantee the efficient and sustainable production of products 
and/or the delivery of valuable services. (Dooley et al. 2016) 

Furthermore, continuous work-based competence development is of great value 
also for the next generation of products and services, due to the extremely growing 
complexity of scientific, technical, and business requirements for high value prod-
ucts and services. Competence development has thus to be recognized and treated 
as valuable resource within textile companies and across their network of partners 
and should be supported by appropriate ICT structures. (Filos 2006) 

Consequently, significant challenges in particular for SMEs emerge. The first chal-
lenge is to establish a network for the development and production of knowledge-
intensive products and services. Therefore, the identification of the knowledge and 
competences needed throughout the product life cycle is crucial. The requirements 
towards partners can change due to the evolution of various needs and opportu-
nities. The network requires flexibility to handle such dynamics. Changes in part-
nerships or roles of partners should have no or very limited influence on the man-
agement of those collaborations. Therefore, the competence of leading employees 
should enable a robust and flexible organization. (Filos 2006; Matheis et al. 2017) 
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The involvement of customers in the development processes increases the com-
plexity of product and service designs. Without proper monitoring of the devel-
opment status and resources in a network, the efficiency of the development pro-
cesses can decrease and costs can increase dramatically (e. g. many development 
iterations due to permanently changing requirements). Networking and the idea of 
open innovation require a strong support of SMEs and in particular of their em-
ployees in all tasks arising in the product life cycle. (Du Chatenier et al. 2010) 

Another challenge for SMEs is to cope with the management and transformation 
of knowledge along the product life cycle. During the process knowledge and com-
petences from various partners are used to form new knowledge. Competence de-
velopment has to deal explicitly with the availability of the required competence at 
the right time but also with the conservation of new competences for later phases 
of development and production.  

3.3. Individual Level: New Challenges on the Shop Floor  

The ongoing transformation of the textile industry accounts also for fundamental 
intra-organizational changes in engineering and production. 

As an example, the Digital Textile Micro Factory features end-to-end integrated 
digital design and production processes and can therefore be regarded to as a mile-
stone for the textile industry on its way to Industry 4.0 (Tilebein 2019). However, 
the Micro Factory comes with a new set of challenges to be addressed. This new 
process provides a range of possibilities including completely new business models 
in the areas of individualization, sample production, reordering and event-driven 
production (Deutsche Institute für Textil- und Faserforschung 2019).  

At the beginning of this process scanning devices and smart services allow for 
individualized product configurations (Artschwager & Tilebein 2017). Putting the 
customer in a central position and fostering direct communication directs the 
whole design process towards the customer and extends the value chain into the 
market. Customers are becoming prosumers, who are empowered to design their 
own products by themselves (Moltenbrey & Tilebein 2020). These individualized 
garments do not only cover different body shapes and sizes, but also play an im-
portant role when it comes to physical disabilities. Here, Digital Textile Micro Fac-
tories create the necessary diversity to outfit all individuals (Artschwager & Tile-
bein 2017). At the same time, the production systems themselves are becoming 
smart. Being equipped with a range of sensors, the production machines can inde-
pendently monitor their current status within the production process and manage 
their maintenance schedule with the help of predictive maintenance algorithms 
(Artschwager & Tilebein 2017).  

In spite of integrated digital technologies people remain at the center of all these 
developments. The digital transformation in socio-technical systems stresses the 
importance of skilled employees and their individual knowledge. In line with that, 
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the need for ongoing competence development through work-based learning is 
increasing steadily. (Artschwager & Tilebein 2017) 

3.4. Bridging the Gap from Individual to Organization Level  

The needs sketched above in terms of organizational competences, which are re-
quired for using the innovation capability of dynamic networks, and individual 
competences, that have to be acquired especially with regard to new digital tech-
nologies and individualized products, have to be addressed by competence devel-
opment activities on either level, be it individual or organization level.  

In addition, since a large part of organizational competences in the textile industry 
is based on personal competences of experienced staff, the individual and the or-
ganization level have to be aligned properly. This bears a specific challenge for 
firms not only in terms of their competence development strategies, but also in 
terms of their strategies for competence utilization. 

At the same time, the textile industry in Germany is experiencing a particular short-
age of skilled workers. Many experienced employees will retire in the next few 
years due to the industry’s age structure, while a lack of industry attractiveness 
leads to recruiting problems in Germany. The reason for this missing attractiveness 
is that the textile sector in Germany, despite its transformation into an innovative 
hi-tech industry, still struggles with a poor reputation and an outdated image from 
the perspective of potential employees. This is why textile companies face a broad 
range of diversity in their workforce, in terms of e.g. age, skills, cultural back-
ground, industry or workplace experience, affinity towards ICT etc.  

Against this background, companies in the textile industry need to rethink their 
strategies for competence identification, competence development and compe-
tence utilization and look for appropriate methods and tools supporting these 
strategies.  

4. Solutions and Open Research Questions for Collaborative 
Approaches for Self-Organized Competence Development for the 
Textile Industry 

4.1. Solutions on Organization Level 

The concept of collaboration in networks is already being used extensively in terms 
of cooperation between companies. Hereby, they work together in temporary and 
variable compositions. Especially for small companies with very specific compe-
tences this approach is a model for success. The concept of Smart Networks which 
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was developed in the EU funded project SmartNets1, describes an industrial model 
to support SME collaboration in the day-to-day business of SMEs. This model is 
applicable along the complete product life-cycle of different industry sectors. The 
implementation of this industrial model into practice is based on several methods 
and tools. Therefore, the methods have a clear focus on SME suitability consider-
ing a clearly described and easy to follow process complemented by examples. 
Furthermore, most of the developed methods are accompanied by tools which act 
as assistance systems that allow a self-organized learning of the methods during 
application. (Lau et al. 2015) 

The successful implementation of the role- and actor-based model within Smart 
Networks depends on the ability of SMEs to know their exact position within the 
process as well as possible next steps at any time throughout the collaboration 
project. The Smart Net Collaboration Model builds the frame for the Smart Net-
works industrial model by orchestrating activities within the process, actors within 
the network and methods to be applied. Thus, the Smart Net Collaboration Model 
provides answers to key questions like "What to do next?", "Who can do it?", 
"Which method could help me?". (Lau et al. 2015)  

One of the tools to support the implementation of the collaboration model is the 
Smart Net Navigator which supports the self-organization of specialists and man-
agers across company boundaries as well as self-organized learning and application 
of the underlying innovation process. This digital assistance system helps actors to 
navigate through the ongoing innovation process by monitoring their current po-
sition within the innovation process and finding the answers to the above men-
tioned key questions on "actors to involve", "methods to apply" and "steps to 
perform". Thus, the Smart Net Navigator fulfills both the function of a project 
cockpit, which determines and displays the current project status, and the function 
of an advisor and trainer, who points out possible next steps in the process and 
suggests the methods required for this and other actors to be involved. (Matheis 
et al. 2014) 

In addition to engaging in the self-organized application of a given innovation 
process as well as navigating through one, configurating a generic innovation pro-
cess in an assisted but self-organized and needs-based approach presents the next 
step. To address this need was the goal of the project InnoQuality2. As a result of 

                                                      

1 The European research project „ SmartNets – The Transformation from Collaborative Knowledge 
Exploration Networks into Cross Sectoral and Service Oriented Integrated Value Systems” (CP-FP 
262806; SmartNets) aims to establish and to prove ‘Smart Networks’ as a holistic industrial model for 
sustainable and efficient production in cross-sectoral SME collaboration both in development and pro-
duction of knowledge-intensive products and services. 
2 The collective research project " Improving the Quality of Innovation Projects in the 
Field of Interior Textiles " (IGF 116 EN; InnoQuality) aims at optimizing the innovation funnel at 
interior textile companies. 
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this project, for the textile industry and in particular for the home textiles sector 
an interactive guideline was presented that supports and accompanies companies 
in the home textile industry in the description, evaluation and processing of devel-
opment projects. With the guide, managers from the development area can design 
the development process themselves depending on the particular technical and 
organizational challenges of their respective framework conditions in order to en-
sure innovation quality even with complex requirements. The interactive guide fol-
lows a case-study based approach to identify success factors for innovation and 
the associated process configuration. In this context, the transfer of knowledge 
from past successful, but also from unsuccessful innovation projects plays a deci-
sive role in the success of future innovation projects. Beside the implicitly trans-
ferred knowledge through suggestions of the guide, this concept uses the method 
of storytelling to explicitly explain why considering specific success factors is cru-
cial for specific project designs. (Matheis et al. 2017) 

In line with the benefits of this approach on organization level, the principles of 
collaboration in networks and of self-organized problem-specific process config-
uration can also be transferred to lower organizational levels. Implementations can 
take place on all levels including the shop-floor level to establish a work-based 
competence development through self-organized learning paths. 

4.2. Solutions for Digital Assistance Systems for Work-Based Competence De-
velopment on Shop Floor Level 

The German industry and in particular the textile industry currently experience a 
development in value creation towards increasing knowledge work while at the 
same time routine activities are becoming less frequent. This ultimately leads to a 
scenario in which every order is unique and requires a specific process solution as 
laid out in the context of the Micro Factory in Section 3.3. Employees performing 
the processes therefore need to be equipped with opportunities to work out indi-
vidual solutions immediately. The concept of lifelong learning is still applicable in 
this context. However, instead of taking place off-site during educational trainings, 
this new form of learning happens directly during the value creation process. This 
way value creation and learning merge into work-based learning making continu-
ous competence development the preferred approach. Being referred to as "learn-
ing on demand" this new approach requires not only self-determination, but also 
self-direction from the learners. The opposing idea of "learning ahead" on the 
other hand is losing importance. Since the content and time frames of compe-
tences to be acquired differs from individual to individual, self-organized learning 
paths provide an optimal solution to that. (Hertle et al. 2015) Within the textile 
industry there are some new concepts for work-based learning in pilot scale already 
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elaborated and evaluated. The first concept which was developed within the Eu-
ropean research project TexWIN3 applies a case-based reasoning method mainly 
to combine human experience with information from other sources to improve 
the stability of production processes even for individually designed products. The 
underlying digital assistance system supports the employees in their work through 
pre-selected information while the decision-making authority remains with them. 
Case-based reasoning as an assistance system can be integrated easily into the pro-
duction processes of textile companies, because the process of case-based reason-
ing has long been part of the daily work of many employees also in a non-digital 
form. It is the process of using former experiences and adapting them to new, 
similar situations. In the textile industry it is applied, for example, to determine 
initial machine settings for new or modified products or the adjustment of machine 
settings during operation in the event of poor performance or frequent process 
downtimes. Even if workflows using ICT-supported case-based reasoning are 
hardly different from conventional workflows, their implementation in the day-
by-day business in not trivial. The employees have to be convinced to share their 
individual knowledge with their colleagues to individually benefit from the 
knowledge within the company. Thus, a living case-based reasoning system sup-
ports the workers on the shop floor in their individual competence development 
through the collaboratively filled case base. (Weiß et al. 2017) 

Within the framework of TELL ME4 a second solution for work-based learning 
was developed, which focuses on the assessment of different technologies and 
learning methodologies. The framework aims at variable processes with knowledge 
work in various industries and tested ICT applications and assistance systems at 
the production level in helicopter and yacht construction as well as in the textile 
industry. In helicopter construction in particular, the consortium developed and 
tested a specially developed ICT-supported process model for knowledge work in 
the area of maintenance and services, which focused on demand-oriented learning 
when leaving routine processes. In the textile industry, software supported preci-
sion teaching for fabric inspection and the detection and correction of faults in 
particular - especially new types of faults from different fields of application were 
addressed. Using the method of precision teaching employees learn appropriate 
correction measures when certain faults occur as well as basic correlations and 
technical vocabulary. Compared to conventional training methods, this approach 
leads to a significantly shorter training time and better comparability of learning 

                                                      

3 In the European research project "Textile Work Intelligence by closed-loop control of product and 
process quality in the Textile Industry" (CP-FP 246193-2 TexWIN), textile research institutes as well 
as textile companies and textile machinery manufacturers were involved as users of the solutions de-
veloped. of the textile machinery industry were involved as users of the developed solutions. 
4 The European research project „Technology-Enhanced Learning Livinglab for Manufacturing Envi-
ronments” (CP 318329 TELL ME) aims to develop and trial an innovative cross-enterprise methodol-
ogy and IT platforms for continuous education and training in small and medium manufacturing envi-
ronments for work-based competence development. 
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results. A second technology-based approach tested with in the textile industry was 
an augmented reality application for the set-up of weaving machines. Since setting 
up weaving machines is knowledge-intensive and time-consuming, the use of aug-
mented reality (AR) facilitates the set-up-process and the retrieval of specific in-
formation. The process steps and explanations are simply superimposed on the 
AR glasses and the worker is guided through the entire process in this way. 
(Winkler et al. 2015) 

Since assistance systems and human-machine collaboration have to be adapted to 
specific workplace requirements, individual and customizable designs are essential. 
Additionally, systems need to be able to evolve in line with changing conditions 
and different user demands. Central questions in this regard that remain to be an-
swered include how to deal with topics of liability and servantship in socio-tech-
nical systems.  

4.3. Open Questions Regarding the Alignment of Individual and Organiza-
tional Competence Development  

As sketched above, companies in the textile industry need to rethink their overall 
strategies for competence identification, competence development and compe-
tence utilization. Specific solutions and tools already exist both on organization 
and on individual level. However, these are not aligned. Strategies are needed that 
balance top-down central approaches with self-organized bottom-up decentral ap-
proaches and fit to and align different organizational levels. Additionally, these 
strategies should integrate and support aspects of human interaction and collabo-
ration, as it is the case in interorganizational innovation processes, as well as hu-
man-machine collaboration, and largely digitalized knowledge-intensive processes 
just like in the Micro Factory. 

The respective strategies should build upon and make use of staff and competence 
diversity as a resource. The focus ultimately lies on the cognitive diversity of em-
ployees which arises from their different skills and talents. This diversity and its 
interconnectedness make innovative and creative solutions possible in the first 
place. 

These strategies also require a new understanding of leadership. Similar to the shift 
from centralized information processing and control towards decentralized deci-
sion-making in technical systems that is one of the basic ideas of Industry 4.0, there 
is a need for corresponding models for the human-related parts of the socio-tech-
nical systems that are involved in any of the industry's processes.  

Complex adaptive systems are agent-based systems that exhibit emergence. This 
term describes the generation of macro-level properties arising from self-organized 
micro-level interactions without them being planned or foreseen. Complexity sci-
ence's theoretical perspective is far from generating a comprehensive and ready-
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to-use solution for the challenges described above. However, it can provide a use-
ful integrative framework and complex adaptive system models offer a valuable 
theoretical approach towards new insights into self-organized competence devel-
opment. Complexity leadership theory (CLT) describes the corresponding leader-
ship theory which allows to use the principle of emergent qualities from self-orga-
nized interactions throughout all organizational levels and with their respective 
organizational actors (Uhl-Bien et al. 2007). 

In the CLT framework, which is explicitly depicted as a new leadership paradigm 
for knowledge-generating organizations, a distinction is made between three basic 
leadership functions that are called administrative leadership, adaptive leadership, 
and enabling leadership. Administrative leadership includes classic management 
tasks such as planning, coordination, goal setting, resource allocation, conflict res-
olution and the like. Adaptive leadership ensures the adaptability of the system 
under consideration. This function focuses on the emergent quality of leadership 
and its emergence from interaction processes of actors. The drivers of these pro-
cesses are the actors' heterogeneity and asymmetries, which are present not only 
in the classic sense in terms of power, but also in terms of knowledge, skills, and 
so on. In relation to adaptive leadership, enabling leadership finally has a catalytic 
function and thus has the task of creating framework conditions in which adaptive 
leadership can show itself and develop. The possibilities from the spectrum of 
administrative leadership can also be used for this purpose. 

In the area of administrative leadership, certain aspects like fostering an integration 
in the organizational hierarchy and goal system, support the necessary alignment 
of individual learning on the shop floor level with external goals addressed. Turn-
ing to the adaptive leadership functions, on the other hand, links to self-organized, 
informal and collaborative learning processes and learning paths that are embed-
ded in networks can be observed. Finally, enabling leadership contains the tasks of 
shaping, moderating and handling the area of tension emerging from the previous 
two leadership functions, depending on the situation. 

The CLT framework can support the idea of using diversity as a resource and 
enabling self-organized collaborative learning and the emergence of new compe-
tences while aligning the respective processes throughout organizational levels. 

5. Summary and Outlook 

The ongoing digital transformation radically transforms work and production en-
vironments. For the manufacturing industry this means major adaptations become 
necessary to secure their competitiveness. For the textile industry, which mainly 
consist of SMEs and the German textile industry in particular, this implies the need 
to face the emerging challenges on top of the traditional challenges coming from 
global competition and rapid changes in trends and markets. 
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Facing these challenges, the textile industry in Germany in particular will, due to 
an increasing number of retirements in the next years, face a broad range of diver-
sity in their workforce. Consequently, solutions to promote the development of 
individual competences are necessary. In addition, personalization and increasing 
complexity of products or shortened technology and product life cycles influence 
traditional production activities on the shop floor. This ultimately leads to a sce-
nario in which every order is unique and requires a specific process solution. Thus, 
a breaking of routines that typically lead to the learning of new workflows is the 
consequence. In particular lean and highly specialized SMEs in addition to their 
competence in developing specialized products increasingly need competences 
that go beyond their organizational borders. Therefore, focusing on core compe-
tences without supplementing them with organizational and individual compe-
tences for collaboration is no longer sufficient.  

Hence, collaborative approaches for self-organized competence development ac-
cording to individual needs on any organizational level are required. The industry 
needs concepts, methods and tools (e.g. digital assistance systems) to establish self-
organized learning paths on every organizational level, from the organization level 
to the individual level on the shop floor, and to manage their alignment.  

This paper presents some already existing solutions for work-based competence 
development on the shop floor as well as solutions for the development of organ-
izational competences such as the capability to collaborate in networks. Neverthe-
less, there are still open questions to elaborate on. Future research topics include 
personalization and optimization of assistance systems, collaboration scenarios 
that consider all parts of socio-technical systems, as well as methods and tools for 
self-organized collaborative competence development throughout all organiza-
tional levels. They have to be complemented with leadership models that are able 
to bridge the gap and support the alignment of the different organizational levels. 
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