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Executive Summary 

This document represents Deliverable 1.4 “Detailed and Refined Industrial Chal-

lenges, version II” of the H2020 project “FACTS4WORKERS - Worker-Centric Work-

places in Smart Factories (FoF 2014/636778).  

FACTS4WORKERS will develop and demonstrate worker centred IT solutions that 

support the inclusion of increasing elements of knowledge work on the factory floor.  

In line with this mission, this deliverable (D1.4) first discusses the increasingly im-

portant role of knowledge in production processes, which is also reflected in new 

production strategies and models. Based upon a state of the art on knowledge-

intensive production this document describes four related industrial challenges – 

both from a general point of view and from a specific FACTS4WORKERS perspective, 

which includes illustrative case vignettes from four industrial partners. The pre-

sented state of the art and the analysis of the situation in the companies lays the 

ground for a further analysis of emergent themes and trends in manufacturing im-

pacting FACTS4WORKERS. We categorize these trends into three pillars, Technolo-

gy, People and Organization and discuss their implications for our project. 
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1 Introduction 

The environment for manufacturing companies has been considerably changing in 

recent years. The growing demand for new, innovative and high quality products 

and intensive competition leads companies to design more flexible and efficient 

production settings, facilitated by the emergence of new IT systems. This develop-

ment results in factory work becoming increasingly knowledge intensive. Conse-

quently, the skills and efficiency of shop floor workers are a decisive factor in order 

to ensure product specifications, meet deadlines, and keep the machines running. 

Human workers, as a critical resource for manufacturing processes, have to be flexi-

ble and motivated to utilize the possibilities of new technologies. For this reason, the 

FACTS4WORKERS project has adopted a worker-centric approach. Recent develop-

ments of digital technologies offer promising opportunities to empower knowledge 

workers, but lead also to new challenges companies and workers are facing. 

This deliverable (D1.4) focuses on the role of knowledge in manufacturing and 

thereby updates and refines the four Industrial Challenges (ICs) that the project 

FACTS4WORKERS addresses: 1) Personalized augmented operator, 2) Worked-

centric rich-media knowledge sharing/management, 3) Self-learning manufacturing 

workplaces, and 4) In-situ mobile learning in the production.  

In the next section the role of knowledge in manufacturing is focused and analysed. 

Concluding that each of the four industrial challenges as adopted in the F4W project. 

Next, Case Vignettes are presented where each of the four ICs is illustrated on a 

company-specific level. This aims at demonstrating how manufacturing companies 

cope with specific challenges they are facing. In section four emergent trends and 

themes that are not yet explicitly covered by the existing ICs are presented. They 

ensure staying up to date with recent developments and serve as a basis for further 

in-depth analyses. Section five includes a discussion of our results and closes the 

paper with a conclusion and an outlook. 
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2 Knowledge-intensive production: 
Challenging the industry 

Digitalization, various customer demands, changes in markets, society and regula-

tions drive the shift towards knowledge-intensive manufacturing. The role of 

knowledge in manufacturing companies has grown over the last century and innova-

tions and technologies have changed it radically a number of times. These changing 

drivers have influenced on the development of many production models and manu-

facturing systems during the last decades. This chapter summarises the drivers to-

wards knowledge-intensive production and the actual state-of-the-art of the produc-

tion models and the role of knowledge in these models for our internal develop-

ments in the project. 

 Drivers towards knowledge-intensive production 2.1

Previously in the last century, the goods were mainly manufactured in craft produc-

tion, where each product is designed and made for specific customer and the focus 

was on humans and had high skill demands. After that a transition towards auto-

mated mass production occurred, where the focus was more on machines and had 

low skill requirements. According to Tao et al. (2015), advanced manufacturing sys-

tems have promoted both information and process integration and helped compa-

nies to transform from mass production to mass customization.  Further, around 

2000s we faced personalised production systems, which have a strong focus on both 

humans and machines accompanied with high knowledge demands (Koren, 2010). 

Currently, the focus has drifted towards more knowledge-intensive and human-

centred production. The principal idea of smart factories highlights the importance 

of information and knowledge processes and the efficient utilization of knowledge 

on all levels of production operations (Hessmann, 2013). In addition, global future 

trends request for human-centred production environments (cf. UNIDO 2013). Thus, 

fully automatic production lines without a human involvement is not an option an-

ymore. Figure 2 highlights the drivers and the evolutionary process of the produc-

tion models and manufacturing systems in relation to the development of the com-

petitive factors, i.e. cost, quality, time, flexibility, environment, service and 

knowledge. 
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Figure 1: The development of production models and manufacturing systems 

Based on Tao et al. (2015) 

The importance of environment and sustainable manufacturing has raised to stay as 

one key competitive factors also in the future. Sustainable manufacturing uses natu-

ral resources in a way that creates products and solutions, which fulfil economic, 

environmental and social goals, and preserve the environment for improving the 

quality of life (Garetti & Taisch, 2012). In addition, the knowledge-intensiveness and 

new technological breakthroughs e.g. on data mining have enabled the predictive 

manufacturing. In predictive manufacturing the production data is processed into 

information which enables workers to make well informed decisions on predicting 

or preventing events and optimizing processes (Lee et al., 2013).  

Currently and in the future, human workers have an important role in manufactur-

ing environments, as they are capable of complementing modern technology and 

performing knowledge-intensive work tasks more effectively compared to solely 

technical approaches. However, this also will require more knowledge management 

skills from the workers and manufacturing environments. 

 State of the art: Knowledge-intensive production 2.2

Strategic choices and decisions on products, services and production guide strongly 

what kind of production models and related methods a manufacturing company is 
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applying. In different industries, there are different needs, e.g., an order-based, a 

product-variety -based, or a volume-based production model, which typically de-

termine the chosen method of production. In general, production methods can be 

classified as: 

• Project-based production: low volume products with high variety and 

complexity 

• Job production: one-off products for a specific customer usually done 

once or with low quantities 

• Batch production: Products are manufactured in groups or batches, not 

in a continuous stream, single production line can be used to manufac-

ture several types of products 

• Flow production / just-in-time production (JIT): Products are manufac-

tured in several stages, where items move continuously through the pro-

duction lines (high volume of similar products/items). 

• Continuous / mass production: Flow and mass production are used often 

in parallel (high volume products of low variety) 

In order to describe the relation of volume and variety, the high variety, may cover 

e.g. hundreds to thousands of active parts or components, a few with active estimat-

ed volume. A low volume lot size is dependent on the customer, e.g. usually a small 

order size. 

The strategic choices of production models are highly determined by the level of 

customization in the manufacturing company. The degree of customer alignment is 

determined by the customer coupling point and the amount of customer-oriented 

information (Forza et al., 2007), see Figure 2.  If the customer is involved already in 

the early phases of the business process (from design, manufacturing, assembly, to 

distribution), more customer connection and information is required.  

In pure customization, the most intensive customer alignment is accomplished by 

the Engineer-to- Order (ETO) strategy and products. ETO strategy in production is 

suitable for unique products that have similar characteristics, and the production is 

initiated when receiving a customer order and developing technical specifications 

accordingly (Silventoinen et al., 2014). 
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Figure 2: Customization of product and production strategy 

Adapted from Forza et al., 2007 

In Manufacture-to-Order (MTO) strategy, the customer requirements influence di-

rectly the manufacturing activities, not the design process. The company usually 

offers to the potential customers a base product that is later modified according to 

the customer's preferences without modifying the basic design. So, the degrees of 

flexibility and the modifications that may change the base product are defined in 

advance.  

An important customer-centric strategy in manufacturing is Assemble-to-Order 

(ATO) or Configure-to-Order (CTO) strategy. In these cases, the customer require-

ments effect directly on the assembly activities, not on the design and manufacturing 

processes. Products are manufactured with a set of regular components and parts, 

but the assembly process of this set is customized to fulfil the detailed customer 

needs. (Forza et al., 2007)  

 

Manufacturing companies today are encountering a rising number of product vari-

ants along with personnel ageing due to the demographic change. These challenges 

necessitate companies to develop their employees’ competencies – in particular 

problem solving competencies on the shop floor. So as to support a value-driven 

material and product flow, shop floor management systems have been implemented 

in many manufacturing environments (see Figure 3).  In order to continuously de-

velop problem solving competencies, the integration of a competency management 

system has been introduced through shop floor management. 
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Figure 3. Shop floor management system and its links to other managerial systems  

Based on Abele et al. (2011) and Hertle et al. (2015) 

The aims of shop floor management are achieved by utilizing the different elements 

of the shop floor management system. Shop floor management components have 

been identified by a majority of authors.  Shop floor management is described by the 

Japanese word Genba, which is the place where value is created.  

Above mentioned production models and strategies have obviously different re-

quirements on the worker’s knowledge level. However, in today’s complex manufac-

turing environments it is not anymore the case that the knowledge requirements 

decrease with the level of automatization. Rather the topics of knowledge shift from 

purely crafts knowledge with no automatization towards knowledge about the tech-

nical aspects of the machines in fully automated systems. This corresponds to the 

shift in the worker’s responsibility from producing goods towards keeping technical 

systems in a production environment within defined conditions of operation. Addi-

tionally, optimization targets further increase the level of knowledge requirements. 

Ideally, production finds an optimal balance between efficiency, quality and cost (cf. 

Atkinson, 1999). 

 

As mentioned above, there are strong drivers that are affecting the role of 

knowledge management in production. The demands on knowledge levels and asso-

ciated skills still rise with the current trends in manufacturing, across all forms of 

production strategies and management methods. These knowledge management 

facets fall into different categories. While for example predictive manufacturing fo-

cuses stronger on the technological aspects of knowledge aspiration, human-centred 
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production rather focuses on the social aspects. The following figure shows four 

different quadrants of knowledge processes in manufacturing settings. 

 

 

Figure 4: Four facets of knowledge processes 

Based on Hannola et al. (2015) 

Based on technological advancements we see that all four quadrants could profit 

from ICT support. Therefore, FACTS4WORKERS have identified the four industrial 

challenges, guiding through the process of exploring smart factory solutions. Each of 

these challenges is capable of supporting a facet of the knowledge management pro-

cess, i.e. knowledge transfer, discovery, acquisition, and sharing. For instance, self-

learning manufacturing workplaces support discovering knowledge from manufac-

turing process data, which is relevant to workers for improved decision-making. In 

Figure 7 these industrial challenges are mapped into the quadrants of the 

knowledge processes.   

 

 

Figure 5 Industrial challenges in knowledge-intensive production environments 

Based on Hannola et al. (2015) 
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3 Industrial Challenges in 
FACTS4WORKERS 

The four Industrial Challenges will be realized in actual production environments 

and serve for demonstration and evaluation purposes. The application of the solu-

tions for each IC will always be led by one industrial forerunner and several follower 

organizations. The prototypes will be tested at the forerunners’ factories and then 

transferred to the factories of the followers. Taking such an approach will assure a 

working transfer of the developed smart factory building blocks into other manufac-

turing industries. 

To match the Industrial Challenges to the most appropriate production environ-

ments for testing their functionalities, a matching procedure has been created be-

tween the gathered needs of the industrial partners and the IC solutions as part of 

the requirement gathering and analysis work. As a result of this, the challenges are 

substantiated and demonstrated through eight real-life use cases at the industrial 

partners’ production environments. The graph on the following page displays the 

linkages between the identified use cases and Industrial Challenges. More infor-

mation about the practices of workers and use cases can be seen in Deliverable (1.1) 

of the project. 

 IC1 - Personalized Augmented Operator 3.1

3.1.1 General challenge 

The challenge of augmenting human work with digital technologies is created in 

contributing and effectively consuming information that is constantly more complex, 

combined from multiple sources and types, and is constantly changing. At the same 

time, workers are dealing with traditional demands of the production environment, 

such as two- handed operation. Supporting human workers with digitally augment-

ed tools means to provide them with an immediate and personalized provision of 

information at the shop-floor-level, which can be interacted (accessed and modified) 

according to their needs, roles, preferences and constraints.  

The most common technology term used in this context, augmented reality (AR), is 

defined by Nee et al. (2012) as human-computer interaction that encompasses com-

puter- generated information on the real-world environment. By ‘superimposing 

information into the real world’ (Chi et al. 2013) we expect AR and related technolo-



  IC1 - Personalized Augmented Operator  
 

 18 

3.1 

gies, to provide workers with illuminating information that helps to solve critical 

problems in simulating, assisting and improving manufacturing processes before 

they are carried out. This ensures that activities, e.g. design or machining, are done 

right at the first time without the need for re- work and modifications (Nee et al., 

2012). AR can be combined with human abilities to provide efficient and comple-

mentary tools to assist manufacturing tasks. The manufacturing applications of AR 

can cover assembly, maintenance, product design, layout planning, robotics, and 

machining (Yew, et al., 2016). However, AR in design and manufacturing is a rela-

tively new application compared to some of the entertainment applications, and this 

is mostly due to the accuracy required in tracking and registration in such applica-

tions, and a good alignment with traditional practices (Nee, et. al. 2012.) 

3.1.2 Case Vignette Hidria Rotomatika 

One common request of many assembly and manufacturing workers is to be more 

aware of the process status in order to have a more conscious decision making pro-

cess and increase their responsiveness to process breakdown/change. Often, the 

actual approach requires to the operator to seek actively the required information to 

carry out his task. This could be difficult due to the large number of data available in 

a modern factory: such richness could be a problem for an operator that must select 

the correct info and act accordingly. 

The main idea of this Industrial Challenge is to provide a tool and approach to create 

a “personal” information feed for a specific worker that could support its activity 

and empower him, supporting him to become a smart worker with more autonomy 

and problem-solving capabilities. The solution developed wants to provide also the 

correct tools not just to “see” the correct data but also to analyse them in the smart-

est and “personalized” way. Not only the access to data will be “personal” (focused 

on the specific need of each worker) but also the analysis will be developed and se-

lected in order to provide an understanding of the process that will be profitable for 

the specific worker. 

The access to data and the specific analysis are approaches that can be easily im-

plemented in a company with a robust IT infrastructure. The most difficult point in 

the implementation of this solution is the understanding of the specific needs of 

each worker and the development of a new smart organization within the company 

that will enable the exploitation of the full potential of each worker. The new organi-

zation must enable and support the increasing autonomy of the workers, creating 

new opportunities for autonomous decisions and supporting the development of 

process analysis. In this picture, an important role will be played by the approach 

that will be developed in the other Industrial Challenges, like the self-learning and 

the knowledge sharing. The personalized augmented operator will profit from these 

solutions that will support its training and will create a supporting network to share 
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experiences, and the possibility to call peer for additional for support. The Industrial 

Challenges of the projects, like in this case, are often strongly connected.  

 

 

Figure 6: HIR - Immediate measurement results by using the measuring device in combination 

with AR glasses 

The case-vignette for this Industrial Challenge is the case of a Slovenian automotive 

tier-1 supplier that produces electric stators and rotors for automotive use (alterna-

tors, starters). The initial analysis has been focused on the operators of the machin-

ing departments, which must deal with turning and milling machines. A preliminary 

analysis of the workers needs has highlighted how some operations could be time-

consuming and require the acquisition of paper-based data. These data must be pro-

cessed manually in order to obtain a smooth process. In this application, both the 

access to required data than the automatic analysis and reduction of not value added 

phase of the process has been analysed and reengineered. In the proposed solution, 

the workers acquire automatically the data in a digital format and could obtain a fit 

solution to fix the process on the point of his fingertips. Moreover, the operators 

acquire more autonomy thanks to the implementation of trend analysis that could 

provide the information regarding a trend of the process, which usually means the 

degradation of some components or machines. In this case the operator become 

leader of a proactive analysis phase for the machine maintenance that its actually 

carried out using a traditional reactive approach (repair action when the process 
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stop due to a broken part) by the maintenance team. This allows the operator to 

gain more autonomy and take charge of advanced tasks that are beneficial both for 

the process (higher availability of the plant) and its satisfaction (higher autonomy 

and possibility to be the responsible for the process well-being). In this specific case, 

the worker will be supported also by a knowledge sharing system that will enable 

him to access the historical knowledge of his peers in order to have a suggestion 

about the possible causes and solutions of a production problem. His peers could be 

contacted also via chat or video-chat to have a more robust support in case of diffi-

cult issues to be solved. In conclusion, the environment created around the worker 

is focused on providing both the needed data and analyses but also the support for 

the due corrective actions thanks to a shared knowledge sharing system.  

 IC2 – Worker-centric rich-media knowledge sharing 3.2
and management (TKSE) 

3.2.1 General challenge 

Despite wide-spread acknowledgment of the importance of knowledge sharing of 

shop-floor workers, knowledge management research has not paid much attention 

to it so far (Nakano et al., 2013). The challenge is not only to equip workers with 

appropriate tools, but also to develop relating working models for utilizing these 

tools. Overcoming the challenges related to active knowledge sharing holds a great 

potential for the improvement of manufacturing work and worker satisfaction. It 

can empower workers to share their contributions openly in a communally updated 

pool of knowledge. Full utilization of worker-generated content and peer sharing 

about best practices, problem solving and ideas fuels organizational learning and 

even worker-driven innovation. This can remove productivity bottlenecks and im-

prove the pace and depth of on-the-job learning, while the worker feels more valued, 

more socially connected to the work community and better motivated – all adding to 

work satisfaction. 

 

In the last decade, many organizations have started to use Web-2.0-tools ‘behind the 

firewall’ to support knowledge transfer, sharing, and collaboration, what was per-

ceived as new ways of supporting employees (Koch and Richter, 2009, Richter et al., 

2013). Most notably, social software facilitates user participation in creating content 

and allows for new ways of connecting, interacting and communicating with other 

people on the Web. For the people involved, this did not come without challenges – 

mostly related to the integration of organizational structures and processes. These 

go beyond the requirements of Web platforms, which are primarily characterized by 

informal structures and have to be taken into account in sociotechnical tool design 

(Herzog & Richter, 2016; Pei & Grace, 2009). The greater awareness and willingness 
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of users to participate in a system that formalizes and shares knowledge opens a lot 

of new possibilities - also in the industrial sector. The greater inclusion of workers in 

decisions that could be taken at job floor level has the advantage to motivate people 

and create a better working environment (Richter & Wagner, 2014). 

3.2.2 Case Vignette ThyssenKrupp Steel Europe 

The following case vignette offers an insight into the challenges of fault repair and 

maintenance of ThyssenKrupp Steel Europe in the areas of air-conditioning technol-

ogy and electricity. The employees are responsible for the servicing and repairs of 

about 3,000 electrical and air-conditioning devices on the 9.5 square kilometre fac-

tory premises of the ThyssenKrupp Steel Europe AG in Duisburg. The ThyssenKrupp 

Steel Europe AG belongs to the world-leading providers of high-quality flat steel and 

employs about 19,500 people. For the ThyssenKrupp Steel Europe AG, the specialist 

workers' knowledge in production is a crucial factor for fulfilling the constantly in-

creasing requirements in quality and efficiency, which also result in increasing com-

plexity of work. The dwindling number of employees and shorter training periods 

demand ongoing professional support and development of employees' knowledge 

and competencies.  

The occurrence of a fault is reported via phone, email, or fax. Rough information on 

the type of fault and system is then passed onto the mobile maintenance employee 

in paper form. Frequently, neither the way to the site of the disruption is known nor 

does a clear floor plan of the site exist. Depending on the production area in which 

the disruption is located, different security measures as well as special processes for 

signing in and out must be followed. New employees require two years on average 

before they can sufficiently and independently orientate themselves on the facility 

premises and are familiar with the general conditions of most facility buildings, and 

are thereby able to repair faults on their own. The necessary knowledge is usually 

acquired through the accompaniment of an experienced colleague or through sys-

tematic trial and error, despite a structural knowledge transfer. Since the approxi-

mately 3,000 systems must be serviced and possibly debugged, and these systems 

contain the most varied components, employees rarely possess all the relevant in-

formation in order to solve a specific problem without a considerable communica-

tion effort or multiple journeys to acquire further information. Additionally, they 

must take a trip to the repair shop in order to procure the spare parts, since relevant 

information on availability of spare parts and on the ordering process is not availa-

ble in a mobile way. The direct communication in the process of fault elimination is 

currently supported by mobile phones without access to mobile data. The paper-

based, asynchronous data exchange between the employees involved in the fault 

process can lead to work that is carried out redundantly. Furthermore, knowledge is 

often missing on site, which another employee could deliver who is currently not at 
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the site of the disruption. In this case, the opportunities are lacking for several col-

leagues to directly communicate, in the best case supported by pictures and docu-

ments (rich media). The entire fault elimination process is thereby connected to 

obstacles through which individual employees must invest unnecessary time, multi-

ple journeys are required, and at the same time, a potential for frustration and stress 

is created. 

Due to the above-mentioned mobility and the numerous and varied challenges 

which the maintenance personnel faces, it is important that he is provided with the 

necessary information in a bundled, contextual and mobile way. This will be realised 

in the project through the implementation of a mobile employee-centred knowledge 

management which places the maintenance staff at the centre of attention as a mo-

bile knowledge worker.  

 

Figure 7: Employee-centred knowledge management solution 

The solution can provide necessary information on maintenance in two ways: 

1. Context-specific information on all systems with the potential for disruptions can 

be called up by the employee through a mobile information system. 

2. Additionally, it is possible for the maintenance staff to access colleagues' practical 

knowledge through collaborative knowledge exchange when required. This can be 

realised through a chat with the possibility of exchanging images.  

Through these two components, the maintenance employee (as can be seen in Fig-

ure 8: TKSE - On site – progressive planning and quick fix) becomes a smart worker 

who has access to the necessary knowledge on fault elimination on the site. Through 
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this form of knowledge networking, the communication between colleagues can be 

increased, practical knowledge exchanged and the process of eliminating faults 

thereby designed in a more efficient way. Due to the accessibility of relevant infor-

mation, unnecessary journeys can be avoided and the certainty in the employees' 

actions increased. 

^ 

Figure 8: TKSE - On site – progressive planning and quick fix 

The case vignette of mobile maintenance shows a possibility of how the employee 

can be moved in the centre of the industry 4.0. While necessary information is fre-

quently not all available at one glance or at different sites, mobile accessibility of 

information can be achieved through ICT. Through an information management 

model that supplies the maintenance employee with context-specific information on 

the one hand, and enables mobile collaboration with colleagues on the other, han-

dling security in the employee's actions is increased. In this way, situations are 

avoided that could lead to inefficiency, stress and frustration at work: unnecessary 

journeys, missing information, etc. This also leads to a greater autonomy and free-

dom to design the daily working. routine. Both will increase employee satisfaction. 
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 IC3 – Self-learning manufacturing workplaces (HID) 3.3

3.3.1 General challenge 

Self-learning manufacturing workplaces are established through linking heteroge-

neous information sources from the worker’s environment and beyond, extracting 

patterns of successful and unsuccessful production from them, and transferring the 

result as decision- relevant knowledge to the worker. A self-learning workplace 

seeks to optimize Overall Equipment Effectiveness (OEE) by following three key 

performance areas: availability, quality and performance. However, the manufactur-

ing knowledge and information is currently scattered across a plethora of infor-

mation silos without a centralized platform to connect, combine, analyse and organ-

ize the information according to the present needs of the shop-floor worker. Master-

ing the complexity of manufacturing data and information through the linking of 

data and information sources and documents requires sophisticated semantic and 

data mining technologies to discover the relationships between different sources of 

manufacturing data (Zhong et al., 2015), allowing intelligent search and exploration.  

With the implementation of advanced IT solutions, IoT -technologies and sufficient 

knowledge management procedures, new possibilities for leveraging the manufac-

turing knowledge arise. One such concrete advance is the creation of a self-learning 

manufacturing workplace. Utilizing detailed and consistent data from manufacturing 

operations, enterprises are able to implement e.g. predictive maintenance and ma-

chine- assisted decision making for calibrations that allow reducing unplanned pro-

cess disruptions and maintaining a smooth workflow. 

3.3.2 Case Vignette Hidria Technology Centre  

The Hidria Technology Centre designs and manufactures a wide spectrum of partial-

ly or fully automated assembly lines, ranging from simple conveyer belt designs that 

support manual assembly to fully automated lines equipped with state-of-the-art 

instruments ensuring that the products will meet their specifications. These sophis-

ticated machines are tailor-made, i.e. designed from scratch for specific customer 

needs (Engineer-to-Order). The main customer needs in this case vignette context 

are derived from one of the customer’s sites: Hidria Dieseltek plant. Hidria Dieseltek 

produces glowplugs and pressure sensors (Mass production, Assemble-to-Order). 

Self-learning manufacturing workplaces support workers discovering and sharing 

knowledge during production, enhancing their competencies and worker satisfac-

tion. Self-learning manufacturing workplaces also seek to optimize OEE by following 

three key performance areas: availability (operating time in % of the machine 

scheduled time), quality (good units produced as a % of the total units planned for 
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production) and performance. The proposed F4W solution is based on the general 

OEE principle and the solution will monitor real-time the following three areas cov-

ered by the OEE metrics: availability, quality and performance. However, in general 

the direct connection with OEE metrics and worker satisfaction is challenging to 

validate. The automated assembly lines of HID are equipped with programmable 

devices to control the process, and once installed at the customer’s site, these as-

sembly lines show a typical efficiency of only 65% (OEE). These complex and auto-

mated production lines incorporate lots of fault conditions. The loss in efficiency is 

due to either time-consuming setup and maintenance activities or lacking supplies. 

In such cases, the line comes to a halt or produces parts that have not been specified. 

The increase of operating time and the reduction of maintenance time of the assem-

bly lines are in the focus of this case vignette. 

One of the challenges in this case is that operators at shop floor cannot predict up-

coming problems or breakdowns, but instead they work mainly on tasks related to 

reactive maintenance. Thus, supporting tools for shifting operators’ workloads to-

wards more predictive maintenance tasks are desired. Further, operators have to 

react quickly to resolve problems during production. The team of operators aims to 

directly fix small problems like the replacement of defective parts, such as simple 

pneumatic and (or electrical) actuators or sensors. With larger defaults or more 

complex problems, the internal maintenance team helps to bring the production up 

to speed again as quickly as possible. Thus, one challenge in this case is how to bet-

ter support the problem-solving activities of the line operators by a new integrated 

knowledge base of the production line fault analysis. In addition, the solution finding 

to a problem/breakdown is highly dependent on the experience of the worker, and 

this knowledge is important to be shared also to less experienced workers for en-

hancing peer-learning at workplaces. The information and knowledge of production 

processes, technologies and solutions is currently scattered across the factory with-

out a centralized platform to store, share and analyse the information according to 

the present needs of the worker at the shop floor. 

As a solution, we propose a self-learning approach applied to the Hidria Dieseltek 

manufacturing plant that will monitor a combination of human, process and ma-

chine parameters, and supports human-machine interaction. The solution offers: 1) 

a reactive (alarms), 2) predictive (warnings) and 3) proactive (maintenance) deci-

sion support to shop floor workers. Alarms must be carried out immediately, 

whereas warnings could be scheduled by the operator during the shift. Maintenance 

actions are done by the maintenance team based on the decisions of the mainte-

nance manager in order to maximize operating time by minimizing alarms and 

warnings in the future. Reoccurrence of problems will be minimized by storing and 

sorting the problems systematically and combining it with user generated solutions 

into the Machine Book – thereby enabling self-learning workplaces. The solutions to 

a specific problem can also be rated by the Rating Tool, where the provided solution 
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is ranked by the worker on the five scale. In addition, worker can generate new solu-

tions in forms of e.g. comments, videos or pictures.  

 

Figure 9: HID - Real-time machine status and future projections of the machine performance 

As a conclusion, self-learning manufacturing workplaces are able to provide to the 

workers the knowledge required for carrying out specific task, in order to enable 

them to perform new task and increase their autonomy and competence. The pro-

posed approach for this case vignette also supports the other industrial challenges. 

For instance, worker-generated solutions to a specific problem are crucial for shar-

ing information, best practices, and implicit knowledge in specific tasks. In addition, 

the usage of digital technologies, e.g. mobile devices, for quickly resolving problems 

during production enhances in-situ mobile learning and augments digitally human 

work.  

 IC4 – In-situ mobile learning in production (SCA) 3.4

3.4.1 General challenge 

The increasingly needed flexibility of workers leads them to perform a wider range 

of tasks and share more responsibilities in production. This causes the pervasive 

need of overall on- the-job knowledge, available at the right time in the right place. 
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Furthermore, knowledge is subject to continuous change as work practices evolve 

and requirements change. So far, declarative and often abstract generic knowledge 

is acquired “off-the-job” to qualify learners for production work, and it appears that 

this gap can be bridged by mobile learning in the right context. Various terms are 

applicable for mobile learning, such as mLearning, in-situ learning, and mobile 

workplace-based learning (Frohberg et al., 2009). In the field of work-based educa-

tion and workplace learning, mobile technologies, such as smart phones, tablets and 

most recently, digital data glasses are gathering considerable interest, as they can 

provide learning content in an intuitive way to the worker.  

Workers need context-aware learning in real-life situations (in-situ, pervasive learn-

ing) for continued education and training. The establishment of pervasive learning 

environments has to be based on a successful combination and re-configuration of 

inter- connected sets of learning objects, databases, data-streams, visualization de-

vices, and relevant HCI concepts. Peer-generated content will be crucial to sharing 

best practices and implicit knowledge in specific tasks. Since in-situ learning is new 

to production environments, the challenge includes finding the optimal way to uti-

lize contextual and real-time machine-generated data, and to design and deliver the 

learning service so that it is effective, efficient and widely accepted. 

3.4.2 Case Vignette Schaeffler Technologies 

Nearly in every company, regardless if it is small, medium or large, the qualification 

requirements of the employees have increased in the past and are continuously in-

creasing. Employees are in a situation where they have to obtain professional 

knowledge in fast changing contexts and for using a growing number of working 

tools. The largely formal training from the past, needs to be replaced by dynamic, 

individual and life-long learning. The question here arises, how this can be accom-

plished and how employees can be supported in their learning activities. 

The following case-vignette will give an overview of the situation of a large German 

automotive supplier that recently changed the shop floor organization towards a 

new scheme. They applied value stream design to improve the former functional 

shop floor organization. Along with these organizational changes came changes to 

the role of the individual worker. Formally deeply specialized personnel now works 

in diversified areas requiring a variety of skills and knowledge. On the other hand, 

expert knowledge is still needed to solve challenging problems.  

Currently there are three steps for competence development within the company: 

formal training settings for learning factual knowledge, mentoring for the transfer of 

expert knowledge from well experienced employees to new or less educated em-

ployees and the learning directly on the shop floor within real working contexts 

right at the machines. In these settings and along the practices applied therein, sev-
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eral problems surface: (1) The knowledge transferred in formal trainings in groups 

is not directly related to specific workplace requirements anymore. It is detached 

from the current activities and is held in a different context (usually a specially pre-

pared room) making it difficult for the employee to directly profit from the training. 

(2) The mentoring scenario raises the issue, that the learning content is defined only 

through the currently occurring circumstances and problems. That means on the 

one hand there is a knowledge transfer related to the problems that will occur dur-

ing the mentoring period only. On the other hand the knowledge, that was trans-

ferred, will be available for the participating people only, so that it will not be avail-

able for others. (3) Learning directly on the machine (i.e. through problem solving) 

is difficult, too, as the complexity of the problem often requires an expert onsite 

which induces a resource problem. 

 

Figure 10: SCA - Problem-solving support via checklists and live chat 

As a solution, we propose a mobile learning approach that enables the company to 

detach knowledge transfer from formal contexts and enables the learner to consume 

the knowledge when needed (situated learning). We identified four core compo-

nents that will allow individual, context specific learning and therefore facilitate a 

sustainable learning arrangement. As a first component (Component 1) the learning 

systems includes a sensory interface to the workplace, sensing the machine state as 

well as the operator. An automatic evaluation of the incoming sensory data (Compo-

nent 2) provides context- and situation-sensitive problem-solving and learning con-
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tent. In case of an unknown or currently unresolvable problem, expert assistance is 

necessary. In such cases the expert would be included into the situation virtually 

first using audio/video tele cooperation (Component 3). With the usage of wearable 

AR devices (Component 4), such as data glasses, the learning context becomes com-

pletely immersed into the work place and the current work situation. As the worker 

has both hands free, true parallel working and learning is possible. 

As we see in this case-vignette there is a need for informal context-sensitive learning 

for both the initial and continuing education. With the introduction of appropriate 

learning systems, the transaction costs for identifying and consuming necessary 

information can be reduced. Also, the breakthroughs in mobile device technologies 

over the past years now allow the design of new and innovative learning arrange-

ments whereby the boundaries between working and learning will disappear in the 

future. 
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4 Emergent themes and trends in 
manufacturing impacting 
FACTS4WORKERS 

In order to meet current demands and prepare for future challenges, companies 

from the industrial sector need not only to react on current trends but also can con-

tribute to shaping these. FACTS4WORKERS aim at supporting companies to reach 

that goal and therefore continuously analyse emergent themes and trends in manu-

facturing. In the following, some current issues are presented that will likely trigger 

changes in technical, socio-technical and humanistic perspectives (cf. Nurminen, 

1987). These issues have recently been focused and frequently discussed by indus-

try experts and researchers in the public media as well as in scientific publications. 

Although FACTS4WORKERS is not technology driven, it closely observes the trends 

in all three layers, in order to harness the potential of information systems in creat-

ing a worker-centric industrial environment. In times of fast development cycles 

there is a huge number of possible areas to focus on. Potential gamechangers for the 

industry might be blockchain or additive manufacturing. However, to limit the 

scope, this deliverable takes a focus on areas that may directly affect aspects of the 

project. In order to structure this section, we look at the themes and trends from the 

perspective of (1) technology, (2) people, and (3) organization.  

 Technology 4.1

New technological developments can serve as drivers for organizational change. In 

the following, some recent trends are described which have the potential to substan-

tially affect the workers’ situation on the shop floor.  

Internet of Things (IoT): According to a recent PWC report about industrial manu-

facturing trends (Bono & Pillsbury, 2016) the linking of machines, sensors, comput-

ers, and also humans, via the Web is rapidly moving towards the idea of the con-

nected factory. It allows devices to communicate automatically. Companies are ena-

bled to monitor, collect, process, and analyse huge amounts of data, which may lead 

to more precision and the chance to get deep insights into production processes. The 

benefits of IoT technologies include reduced down time, increased quality and less 

waste due to the fact that machines can send notifications about defects and re-

quired maintenance as well as greater visibility of the manufacturing floor. Connec-

tivity, which describes the ability to smoothly connect industrial infrastructure 



  IC4 – In-situ mobile learning in production (SCA)  
 

 32 

3.4 

(machines, humans, products, work pieces, and IT) via Cyber-Physical Systems 

(CPS) may enable companies to leverage the value of their plant floor information 

and promises an increase in productivity, improved utilization of assets, and better 

decision-making (Bradley, 2015). Interoperability describes a product or system, 

whose interfaces are not only connected but work seamlessly with other products or 

systems without any restrictions. It is characterized by highly flexible control of 

production via CPS that are networked in real time. Recent technical advances in 

interoperability have resulted in higher maturity of product and process models 

(Tibaut et al., 2016). Companies face the challenge of building coherent services 

when the individual components are technically different and managed by different 

units.  

Big data: Recent technological developments have led to a strong increase of com-

plexity that not only but to large parts results from the evolution of big data, in-

teroperability, and connectivity. Measuring and monitoring real-time data from 

across the factory leads to rapidly growing data sets that are increasingly gathered 

by cheap and numerous sources and often so large or complex that traditional data 

processing applications are inadequate to deal with. However, to capture business 

value and meet the demands of smart manufacturing, companies need to be able to 

manage these large data sets and extract meaning out of them (O’Donovan et al., 

2015). This large quantity of data leads to new challenges concerning especially the 

analysis, search, sharing, updating, and visualization. Advanced analytics in the 

form of predictive analytics, user behaviour analytics, or certain other methods that 

extract value from data, are needed to cope with this great amount of data (Wambaa 

et al., 2015).  It offers possibilities to make extensive use of analytical tools often 

capable of providing diverse reporting on any device, anytime. These tools are able 

to deliver data about companies’ productivity and security as well as supporting 

decisions according to product configurations, service bundles, and pricing options. 

The utilization of metrics is evolving at a rapid pace and will become even more per-

vasive in the future (Van Herreweghe et al., 2015). In its Analytics Trends report 

(Danson et al., 2016), consulting company Deloitte states that “industrialized analyt-

ics” is increasingly influencing business strategy and commanding substantial in-

vestment and connecting analytics capabilities is crucial for manufacturing compa-

nies.  

Data security and privacy: Digital technologies have been transforming the global 

economy for decades, but the pace of change is quickening. Data security has always 

been an important issue for companies. However, the wide spread of WWW, con-

nected technology and increased complexity is undeniably vulnerable to hacking 

and has confronted them with new challenges. The emergence of a whole hacker 

industry increases the threat for manufacturers to experience losses in value and 

reputation. According to an IDC study about manufacturing trends, by the end of 

2017, 50% of manufacturers will exploit the synergy of cloud, mobility, and ad-
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vanced analytics to facilitate working on the shop floor. Many companies will take 

use of the cloud to establish company-wide platforms (Van Herreweghe et al., 2015). 

At the same time, these cloud-based services as well as open APIs significantly in-

crease the threat surface for an organization. Recent reports on industry trends, (e.g. 

Gartner (Pemberton Levy, 2015) or Booz Allen Hamilton (LaBarre, 2016) state that 

detecting and responding to threats by fulfilling an adaptive security architecture 

was one of the main future challenges. While companies aim at deriving benefits 

from the huge amount of data and the possibility to retrieve, connect, and analyse 

them, concerns about privacy issues are growing. Remarkably, almost 30 years ago, 

Shoshana Zuboff (1988) predicted three scenarios about how companies will be 

dealing with emergent technologies. Those are: First, everything that can be auto-

mated will be automated. Second, everything that can be informated will be infor-

mated. Third: Every digital application which has the potential to be used for sur-

veillance and control will be used for surveillance and control. These early state-

ments not only meet today’s utilization of data but also very well reflect privacy con-

cerns and reason the critical stance of employees towards the possibilities these 

new technologies offer (McAfee & Brynjolfsson, 2012). Companies are advised to 

heed and incorporate their employees concerns. A feeling of prevalent control af-

fects the perceived autonomy of employees and is likely to reduce their commit-

ment, motivation, and performance (Spector, 1986). Therefore, a well-balanced 

trade-off between the employees’ protection and the maximal utilization of data has 

to be found. To protect their plants, data, and intellectual property from cybersecuri-

ty and to gain the trust of employees and customers, companies will have to show 

that they are able to actively pursue improvements in privacy and security. It may 

involve analysing past hacks as well as conducting systematic and continuous prob-

ing of the organization’s own defences and employ predicting approaches (Danson 

et al., 2016). 

 People 4.2

As with any new way of working, or even more general - of doing - people need to 

learn and adopt it, get used to it, and in the best case benefit from it. Striving to-

wards a smart factory may have an enormous impact on work practices on the shop 

floor. Employees face changed processes, they need to handle new technologies and 

accomplish different tasks. As one out of three trends for the future of manufactur-

ing the World Economic Forum, therefore, identified the focus on the workforce’s 

skills (McNelly, 2016). With the spreading and growing importance of technology in 

the manufacturing sector, the need to be able to acquire new skills to get the work 

done properly increases. Therefore, the education in dealing with new technologies 

and processes gets a new significance. However, people are not only facing new 

technologies and changed processes but also – and at least as important – the enor-

mously increasing complexity which not only includes technical issues but also so-

cio-technical aspects such as the “right” dealing with an increasing overlap of pri-
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vate and business life and the “juggling of multiple conversations in the workplace 

(Cameron & Webster, 2013). Garter argues that the “Device Mesh” connects an ex-

panding set of endpoints to access applications and information, or interact with 

people, social communities, governments and businesses (Pemberton Levy, 2015). 

What that buzzword does not explicitly show but implicitly include is that the 

boundaries of private and business life have become increasingly blurred. People 

bring their own devices which is both a major opportunity and significant challenge 

for organizations. Employees often use privately owned devices for work by which 

they experience difficulties in realizing their individual way of dealing with it (Köffer 

et al., 2015). Uncertainty about legal and work-related issues as well as stress 

caused by an increase in the perceived workload are two potential areas of conflict. 

Consequently, training people in finding the right balance and making the manage-

ment of work and private life spaces more feasible as well as choosing communica-

tion channels that fit best are an important challenge workers and companies are 

facing (Cameron & Webster, 2013; Köffer, 2015). 

People who were not born into the digital world have learnt to use different kinds of 

technology at some stage in their adult lives and are likely to experience some diffi-

culties in accepting technology related changes at work. Conversely, the “digital 

natives” have grown up with diverse information technologies such as computers 

and the WWW. The entering of digital natives into the workplace might mark a par-

adigm shift (Vodanovich et al., 2010). The way people process information funda-

mentally differs and depends from how and when they grew up. Thinking patterns 

have changed and it is very likely that even their brains have physically changed. It 

could be shown, that this implies an ease with which digital natives learn to make 

use of unfamiliar technologies. They need, however to be provided with the oppor-

tunity to use them for meaningful purposes (Ng, 2012). In order to remain competi-

tive, companies need to take this into account. Instead of waiting to emerge technol-

ogy savvy people from the market, they have to prepare their employees and train 

their skills accordingly.  

Another perspective on the same phenomenon is that some employees may be faced 

with fears about whether digital natives and smart machines will soon take over 

their jobs. However, humans with most diverse skills and competencies as well as 

with valuable experience have always added value to manufacturing processes and 

this is likely to continue. There is a variety of possible ways in which people and 

machines will work alongside each other. Of course, some will build, implement, 

maintain, and operate upcoming technologies. Others will be in roles that machines 

can’t perform well, such as those involving high levels of experience, intuition, crea-

tivity, or empathy (Danson et al., 2016). Therefore, manufacturing companies should 

not overvalue digital skills at the expense of “traditional” skills. Instead, they are 

advised to recognize and promote experience and handicraft talent, too. Focusing on 

all different kinds of skills is a great challenge but it may create advantages for man-
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ufacturers, and also positively impact workers’ employment and incomes (Daugh-

erty et al., 2016). When facing this challenge appropriately it is important to rethink 

and develop group specific learning arrangements and individual work place de-

signs (Köffer, 2015). Organizations will need to examine knowledge-intensive pro-

cesses and determine which tasks can best be performed by machines and which by 

humans. Early training and supporting employees to prepare for a collaborative 

future with smart machines is essential (Danson et al., 2016). 

 Organization 4.3

The exponentially growing amount of data and the convergence of different afforda-

ble technologies are transforming organizations. Key infrastructures are currently 

underlying considerable changes that play a vital role in securing competitive posi-

tions in the manufacturing industry. Anytime retrieval, monitoring and operating of 

technology infrastructures, even over huge physical distances, enables simultaneous 

control and coordination of complex technological processes. Consequently, a shift 

can be observed, away from centrally controlled processes towards decentralized, 

distributed structures and processes. As a result, today’s strategies, value chains and 

business models will come under increasing pressure (Kagermann, 2015). Compa-

nies need to decide whether to react on emergent demands or to proactively con-

tribute to a transition’s design or they can choose between an incremental change 

versus a radical change (Ullrich et al., 2015). In each case an appropriate change 

management is crucial which only can be successful if an organization clearly states 

its goals, align with them as well as introduce and follow a thorough and well-

designed change management.  

The prevailing view of IT strategy has mostly been that it is a functional-level strate-

gy that must be aligned with a company’s business strategy. The business infrastruc-

ture has become digital, though, with increased interconnections among products, 

processes, and services. The arrival of IoT, CPS and others allows everything to be 

networked in order to create a smart environment where people and machines com 

municate with each other naturally (Kagermann, 2015). This has led to fundamen-

tally transforming not only business processes, products and services but also busi-

ness strategies. Accordingly, the role of IT strategy has to be rethought, from that of 

an aligned but subordinated functional-level strategy to one that reflects a fusion 

between IT and business strategy. Key themes to guide this are, the scope, the 

scale and the speed of digital business strategy, as well as the sources of future value 

creation and capture in digital business strategy (Bharadwaj et al., 2013).   

When addressing a change in strategy, it is not only about ticking off a checklist of 

technology capabilities. Instead, success strongly depends on people and a compa-

ny’s ability to evolve its corporate culture. Thereby, winners not only take ad-

vantage of emerging technologies, but also, critically, embrace the new business 
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strategies that those technologies drive. Enterprises must focus on enabling people 

to accomplish more with technology. They will have to create a new corporate cul-

ture that looks at technology as the way to enable people to constantly adapt and 

learn, continually create new solutions, drive relentless change, and disrupt the sta-

tus quo. In times where the focus is locked on technology, the true leaders will, in 

fact, place people first (Daugherty et al., 2016). Thus, it is the task of managers to pro 

mote an organizational climate that supports decentralized and self-responsible use 

of information assets. For this, many leaders are likely required to develop new 

skills, resulting in training recommendations for supervisors, who have a prominent 

position in digital workflows (Köffer, 2015). 

The rise of the generation of digital natives, as stated above, brings a new kind of 

employee not only with different attitudes towards technology but also with differ-

ent outlooks, aspirations, and expectations regarding their employer, their work-

places, and about how work should be organized. Pervasive collaboration technolo-

gies are reconfiguring long-established norms of employment. Instead of careful 

adaption, digital natives rather expect their workplaces to be equipped with modern 

IT, already. Generally, the group of digital natives places more emphasis on the digi-

tal aspect of life and is used to having constant access to information as well as re-

ceiving immediate responses to their requests.  It appears that preferences are shift-

ing towards aspects such as connectivity, information or entertainment (Hanelt et 

al., 2015). The push towards new forms of working challenges organizations. On the 

one hand it is important to thoroughly plan and execute the change, on the other 

hand, there is strong competition between manufacturers for new employees. A 

successful employer branding would create sustainable competitive advantages. 

With the right engagement strategy, companies can leverage the excitement for 

technology, teamwork, and digitalization of younger employees to push forward the 

business (Daugherty et al., 2016). 

 Discussion 4.4

Technical infrastructures have become sophisticated in the last years, with large 

bandwidth networks, affordable software solutions and large storing capacities. At 

the same time, more and more people are open to innovative IT solutions, especially 

with more and more digital natives entering the workforce. Consequently, the time 

seem to have come that manufacturing companies start to pay more attention to 

their employees by designing people-centred workspaces. As shown in this chapter 

new trends and themes are coming up, the development is very likely to further ad-

vance, even with increasing speed. Figure 8, below, summarizes the emergent 

themes as described above. Companies need to accept the challenges they are facing 

in order to take advantage of them and counter the risks appropriately. 
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Figure 11: Emergent themes and trend in the manufacturing sector 

Creating an environment that contributes to workplace satisfaction requires more 

than just appropriate technical solutions and changes in the organization. As tech-

nology matures, the focus of information system development can shift from a large-

ly technical perspective to a humanistic perspective. So, rather than focusing on cen-

tralized computer systems and treating the worker as an entity, not jet replaces by 

machines, the humanistic view focuses on human-human interactions where infor-

mation systems serve as tools to deliver support for specific tasks (Nurminen 1987). 

When we accept that through the ever rising demand in complexity, knowledge 

work and decision making the human worker keeps a preferred role in future pro-

duction systems (Bauernhansl, 2014), the humanistic perspective might even be the 

only sustainable point of view to take. With this approach, it also seams easier to 

design for basic human needs on autonomy, relatedness and competence (Gagné & 

Deci, 2005; Spreitzer, 1997) as well as on variety (Turner & Lawrence, 1965) in the 

first place, as these can be formulated as core project objectives enabling a top-down 

humanistic design approach. Hence, the FACTS4WORKER-Project is oriented to-

wards humanistic goals of job satisfaction and innovation skills. However, advances 

in technology and organizational themes as well as changes in the society are im-

portant input variables into the project that stimulate the creative process of design-

ing future work environments. Although called “industrial challenges” they have one 

common theme: Supporting the worker “in the loop” with appropriate information. 

Moreover, the challenges aim to extend the natural sensory reach and information 

processing capabilities of a single human worker (self-learning manufacturing 
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ed human work) and further aim to strengthen knowledge absorption capabilities of 

individuals (in-situ mobile learning) and knowledge distribution within communi-

ties (worker-centric knowledge sharing). Using advances in human-machine-inter-

faces (see Deliverables 2.1 and 2.2 to date for details) the projects aims at providing 

the technological means facilitate both the individual and collective distribution and 

exchange of information. By taking an evolutionary approach (as suggested by the 

humanistic view on information system development) the project strives for dimin-

ishing the risks of rejection (c.f. Davis, 1989) and technostress (c.f. Ayyagari et al., 

2011), please find details in the Deliverable 6.1.  
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5  Conclusions 

 Key Learnings 5.1

The ultimate goal of the H2020 project “FACTS4WORKERS – Worker-Centric Work-

places in Smart Factories” (FoF 2014/636778) is to develop and demonstrate socio-

technical solutions that support smarter work, i.e. providing employees with the 

information they need to perform their day-to-day work at the right time and in an 

appropriate manner in order to improve decision making, support the search for 

problem solutions and strengthen employees’ position on the factory floor. 

Following a brief introduction and based upon a state of the art on knowledge-

intensive production we have described four related ICs in this document – both 

from a general point of view and from a specific FACTS4WORKERS perspective, 

which includes illustrative case vignettes from four industrial partners. These four 

ICs are 1): Personalized augmented operator, 2) Worked-centric rich-media 

knowledge sharing/management, 3) Self-learning manufacturing workplaces, and 4) 

In-situ mobile learning in the production. The presented state of the art and the 

analysis of the situation in the companies laid the ground for a further presentation 

of emergent themes and trends in manufacturing which are likely to affect the 

FACTS4WORKERS project in the future. These trends have been categorized into 

three pillars, Technology, People and Organization. It was shown that new opportu-

nities and challenges have the potential to transform how companies organize, op-

erate, and create value.  

After having evaluated the requirements in multiple loops, the key learnings can be 

summed up as follows: 

 Each of the ICs is capable of supporting different facets of the knowledge 

processes in manufacturing companies, namely knowledge transfer, 

knowledge discovery, knowledge acquisition, and knowledge sharing. Tak-

ing into account different knowledge management facets helps to better un-

derstand and meet the needs and requirements as expressed by prospective 

users.   

 Workers from all different IPs insist on solutions that are easy to handle and 

can be applied intuitively. This includes a smooth integration of different 

functionalities not only into the system but also into the whole manufactur-

ing processes. 

 Workers expect new IT solutions to draw on what they already are familiar 

with from their private lives, e.g. designing comment, searching or network-

ing functionalities in the style of well-known solutions.  
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 The need for continuous and agile requirements’ engineering and develop-

ment is underlined by each loop of intervention. Keeping the software on a 

beta development stage ensures to respect upcoming and changing workers’ 

needs and thereby, to discuss and assimilate existing concepts.  

 It is essential to verify the technical environment at each IP. If not existent, 

an appropriate infrastructure (e.g. network access, WIFI with adequate data 

transmissions rate, required hardware) that enables advanced technologies 

to smoothly run, need to be set-up.  

 Concerning the evaluation, it is remarkable, that IT more and more seems to 

play the role of a hygiene factor that supports the workers in a quite “invisi-

ble” way. This implies that the pure existence of a new solution is hardly able 

to give positive satisfaction or to lead to higher motivation, though dissatis-

faction results from its absence or inadequate design. 

 Taking the long-term perspective of future deployment strategies into ac-

count helps to clarify open issues and address risks at an early stage. E.g. 

questions concerning the technology readiness, where to run and how to 

possibly migrate the system. 

 Outlook 5.2

Until today, only a few companies take full advantage of the possibilities offered by 

the digitalization. These are typically the ones that are experiencing direct rewards 

from their data, but it’s far from being the norm (Mayhew, Saleh and Williams, 

2016). We aim at exploring how to address current trends and themes within the 

FACTS4WORKERS scope by linking these issues to the worker-centred approach as 

adopted in this project. Therefore, we want to enrich this deliverable’s considera-

tions with valuable empirical data gained from the IPs. The results are planned to be 

presented in the next deliverable (D1.5). Of particular interest is 1) whether and in 

what way the described themes affect (or even change or conflict) requirements on 

the F4W solutions; 2) how the IPs plan to face upcoming challenges, and 3) how 

these issues may affect the IPs beyond the project duration and hence, the future of 

work. Interoperability, for instance, is one of these current issues, that actually had a 

great influence on the project decision to set up all building blocks within the project 

on RESTful APIs. This makes us able to seamlessly connect different services. It is, 

however, necessary for long-term interests to ensure a smooth integration also with 

other systems, such as external solutions or older machines, which have been built 

before the concept of the IoT was created. Concerning our next steps, this means, 

that we need to deeply analyse the company specific situations. We are currently 

about to develop a conceptual framework for approaching these questions in a well-

structured way. During the progress, constant feedback from the industrial partners’ 

management and workers, will be essential. After having successfully completed the 

situation and requirement analyses, we see our main tasks in connecting all parties 
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involved in the project and particularly ensuring to keep the focus on the project 

goals, and therewith on the workers’ interests. During our past activities, we have 

developed strong bonds with the industrial partners. These bonds show that we 

have not only built a solid trust basis, but have also found ways to communicate on a 

level that enables effective feedback and progress. This will form one of the core 

foundations of our project’s future success.  
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About the project 

 



 

 L 

 

The ultimate goal of the H2020 project 

“FACTS4WORKERS – Worker-Centric Work-places 

in Smart Factories” (FoF 2014/636778) is to devel-

op and demonstrate sociotechnical solutions that 

support smarter work, i.e. providing employees 

with the information they need to perform their 

day-to-day work at the right time and in an appro-

priate manner in order to improve decision making, 

support the search for problem solutions and 

strengthen employees’ position on the factory floor. 

In line with this mission, this deliverable (D1.4) 

first discusses the increasingly important role of 

knowledge in production processes, which is also 

reflected in new production strategies and models. 

Based up on a state of the art on knowledge-

intensive production this document describes four 

related industrial challenges – both from a general 

point of view and from a specific FACTS4WORKERS 

perspective, which includes illustrative case vi-

gnettes from four industrial partners. These four 

Industrial Challenges are 1): Personalized aug-

mented operator, 2) Worked-centric rich-media 

knowledge sharing/management, 3) Self-learning 

manufacturing workplaces, and 4) In-situ mobile 

learning in the production. 

The presented state of the art and the analysis of 

the situation in the companies lays the ground for a 

further analysis of emergent themes and trends in 

manufacturing impacting FACTS4WORKERS. We 

categorize these trends into three pillars, Technol-

ogy, People and Organization and discuss their im-

plications for our project. 

This is the second version of the detailed Industrial 

Challenges and the deliverable will be refined after 

each year of the FACTS4WORKERS project as the 

Industrial Challenges evolve. 
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