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About this document

Executive Summary
This document represents Deliverable 1.1 (“Captured and structured practices of
workers and contexts of organisations”) of the H2020 project “FACTS4WORKERS Worker-Centric Workplaces in Smart Factories” (FoF 2014/636778).
At the core of this deliverable, we initially explore the practices of workers and the
contexts of organisations at six industrial partners with more than 100,000 employees in more than 50 countries. A deep understanding of workers’ individual practices will help us deliver suggestions (in the form of requirements) for sociotechnical
solutions that support smarter work. We structure the captured practices in the
form of eight contexts-of- use, i.e. four industrial partners have one context-of-use
and two industrial partners have two contexts-of-use.
This document also provides a detailed illustration of our methodical approach in
order to provide a high level of transparency to all readers. Our general approach is
human-centric, iterative and agile by nature, and has been inspired by well-known
and widely accepted frameworks and models from the Design Research and Scenario-based Development domains.
In addition, having presented the practices in detail, we then present a first evaluation of the anticipated impacts of the planned interventions on the previously identified contexts-of-use. To do so, we develop a framework with seven impact dimensions and take a closer look at each context-of-use as well as the intended impacts
on individuals (autonomy, variety, competence, relatedness, protection) and organisations (quality, time efficiency).
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Introduction

1 Introduction
The mission of the HORIZON 20201 project FACTS4WORKERS is to develop and
demonstrate solutions that support including an increasing number of knowledge
work elements into the work done on the factory floor. We see a great potential in
the use of information and communication technology (ICT) to provide production
employees with the information they need to perform their daily work at the right
time and in an appropriate manner. These smart ICT solutions should, inter alia,
improve decision making, support the search for problem solutions, and ultimately
strengthen employees’ position on the factory floor.
With FACTS4WORKERS, we want to contribute to the vision of a "smart factory" in
which smart workers play a central role in the production process and ICT solutions
support them in the best possible way. As the most flexible element, smart workers
are the focus of attention, and their role is extended far beyond factory work’s conventional automated storage routine activities. An autonomous work environment
will help them continuously improve knowledge sharing and effective knowledge
acquirement in the workplace.
FACTS4WORKERS thus raises the questions of how people work and learn, how
they interact with new technologies and how we can create attractive and challenging work environments, which will increase their satisfaction and motivation. The
answers to these questions are the key to successful sociotechnical solutions for
production processes.
As the result of an iterative process, we will design and refine an infrastructure that
enables (better decision-making ability, increased participation, increased autonomy) and protects (reduced stress levels, reduced cognitive overload, reduced monotonous, error-prone work) production workers. Although our guideline is to increase workers’ job satisfaction sustainably, our infrastructure will also increase
production quality and time efficiency.
This deliverable (D 1.1) reports on the first step of working package 1 (WP 1): The
identification of workers’ practices and the contexts of organisations at our six industrial partners in three countries with more than 100,000 employees in more
than 50 countries. The focus of this study are the individual practices that
emerge when workers carry out their daily routines, as opposed to previously topdown specified processes as a way to optimise business. A deep understanding of
workers’ individual practices will help us deliver suggestions (in the form of re1

Please cf. http://ec.europa.eu/programmes/horizon2020/
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quirements) for an ICT solution that supports smarter work. This approach also
implies continuous improvement rather than disruptive changes.
Our primary mandate and envisaged contribution are to empower the workers
and to elicit their needs. The available solutions’ implementation feasibility is subordinate to the project’s innovative potential. We acknowledge that there might also
be quick wins by merely adjusting already existing (and accepted) company solutions. In doing so, our goal is, of course, to consider individual and organisational
constraints and to align both points of view.
The project’s philosophy is that empowering the worker pays off, especially in
the long term, and is the most sustainable form of improvement. However, a company’s efficiency should never be compromised, which implies pareto-efficient solutions. User acceptance is the minimum viability criterion.
Content of this document:
Next, we will explain our general approach in WP 1, which comprises the datacollection and the development of a number of artefacts as the outcome of
an iterative, co-evolutionary process which has not yet ended (Chapter 2).
After that, we will present our six industrial partners and the contexts-of-use where
we want to implement the envisaged smart ICT solutions. The description of
the contexts-of-use and the therein contained practices should allow first
insights into the special conditions at our partners (Chapter 3).
An analysis across the contexts-of-use allows the reader to compare these and understand their communalities and differences (Chapter 4).

Please bear in mind that the focus of this deliverable is on identifying the current
practices and not on defining the requirements. This will follow in a further deliverable (D 1.2, project month 12).
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2 Method and Solution Design
The primary goal of work package one (WP 1) is to establish a shared understanding
of the use contexts and work practices across all the involved partners and the
stakeholders as well as to identify requirements based on that understanding. Thus,
the applied methods and created artefacts have to serve two purposes:
1. They provide the necessary instruments to elicit and capture the required information.
2. They serve as boundary objects and facilitate communication between the partners
(Levina and Vaast 2005). The resulting artefacts must be understandable in
order to help build a “common ground” for further investigation.
In the context of our project, we use the term artefact whenever we refer to all kinds
of digital and non-digital products that we create to support our development process. An overview of the artefacts created and their relations (in
WP1 so far) can be found in Figure 12.
Consequently, the method set applied in the project had to be negotiated between
the collaborating partners and further refined to accommodate everyone’s needs.
The following sub-sections cover the general approach taken (2.1), the approach
and outcome of the data collection (2.2 and 2.3) and an overview of the artefacts
ultimately created with this process (2.4).

2.1 General approach
Our general approach was inspired by well-known and widely accepted process
models, such as the ISO9241-210 standard for the human-centred design of interactive systems and Design Research’s process model (Peffers et al. 2007). Both processes build on the assumption that “wicked problems” (Pries-Heje and Baskerville
2008) cannot be solved in a linear process. Instead, an iterative and agile form of
Iterative and
the subsequent (re)-development and evaluation of the requirement is needed. agile approach
This approach accounts for the normally up-front, loosely specified goals and use
contexts. Further, it assumes that the solution success depends heavily on complex
interactions between the stakeholders and that proper solutions can only be arrived
at through a critical dependence on human cognitive and social abilities (Hevner et
al. 2004).
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However, the above-mentioned process models are generic and lack concrete procedures for specific situations. FACTS4WORKERS includes more than sixty collaborating persons from six industrial and nine academic partners from eight different countries as well as experts from various domains, like software engineering,
production management, knowledge management and engineering, with a broad
scope of working contexts. To consider these diverse backgrounds and allow the
highest possible degree of collaboration and interaction between the partners, we
did not specify the detailed methodological design up front, but developed it as we
went along. The constant feedback from the partners regarding the information
(formats) they would need, allowed us to ground the project progress in the
knowledge gained with each step.
Consequently. we developed and applied a refined (and less abstract) approach in
FACTS4WORKERS. One could also say that the method and the solution had to be codesigned to lead to successful solutions.
Figure 1 depicts our starting point, the applied requirement identification process,
on an abstract level.

Figure 1:

General requirement identification process in FACTS4WORKERS.

Figure 2 illustrates the relationship between the iterative solution and method design phases, which can be explained as follows:
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Figure 2:

Our approach of an artefact method co-design

On the highest level of abstraction (with the least knowledge available at the beginning of the project), we used textual descriptions of the rough context and vague
Co-Design Process
solution ideas that we shared and discussed within the project and with the industrial partners. The resulting document was then used as a boundary object to
communicate the identified contexts within the project teams; validating the text
with the industrial partners also ensured that a common understanding had been
established. Based on this context-of-use information, we planned the specific procedure of the contextual enquiry (see section 2.3.1 for details). This planning step
could not be done previously, as both quantitative (i.e. how many subjects from each
stakeholder group had to be included) and qualitative (i.e. specific methods of inquiry, i.e. semi-structured interviews, video-recording of work procedures) reasoning would not have been possible. Further, some companies may have restricted
certain types of data-collecting methods, like video-recordings or taking photos, to
protect intellectual property.
The gained information from the contextual enquiry was then aggregated into problem scenarios and into process models, which made the identified problems and
technological solutions better comprehensible. Creating these scenarios is part of
Scenario-based
the scenario-based development (SDB) methodology (Rosson and Carroll 2002). Development
Instead of describing a future system only in terms of its pragmatic dimensions
(i.e. functions) SDB focuses on the perspective regarding how the system is and
should be used by the relevant stakeholders (Rosson and Carroll 2002). Problem
scenarios are types of stories that describe how the relevant stakeholders act in the
current situation. Later, activity scenarios are created that describe how the envisioned system is used in the specific context. This enabled us to communicate and
validate the vision of the solution in the project’s very early stages. Once evaluated,
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these scenarios formed the bases for the upcoming design of the first mock-ups (i.e.
clickable screen mocks). This procedure of alternating building/evaluating cycles
was repeated in the next steps.
We applied the co-design method in parallel in all six industrial partners. Using the
same representation of the information (boundary objects) also provided the opportunity to compare and evaluate specific contexts, or to identify the similarities between the different contexts (to identify common solutions and problems). Further,
this approach enabled us to reflect on the fitness of the methods applied.
In the next sections, we will provide detailed information on the first two phases of
the design (see Figure 3).

Figure 3:

Two-step approach to collecting data from the industry partners.

2.2 Data collection Phase I
2.2.1 Defining context-of-use
The goal of this phase was to get to know the industrial partners and to identify the
possible contexts-of-use. Visits to the relevant workplaces’ shop floor helped establish a basic understanding of the production environment. These first visits all took
place in February and March 2015.
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Figure 4:

Impression of the first visits

Together with the industrial partner, we sketched the rough idea. The context-of-use
would comprise the following items:
1) A short description of the company and the environment in which the soDefinition “Conlution will be applied.
text-of-Use”
2) A short description of the problems in that area on an abstract level
3) A first idea of how a potential smart ICT solution could help diminish the
problem.

Figure 5:

Context-of-use in textual representation (left) and in PowerPoint format.

The prime artefact generated in the first step was a coarse-grained description of
the context-of-use in textual form, accompanied by a simple PowerPoint template
that had been used in similar projects and which was further refined (see Figure 5).
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By validating both documents with the industrial partners, we ensured a mutual
understanding of the application context and the rough organisational goals at this
level. We used the information gained to inform the methodological design in the
second step.

2.2.2 Impact analysis
Next, we deduced the dimensions of the impact on the workers and organisations.
We started with the initial project objectives and specified those further.
Initial project objectives
As initially explained, the mission of FACTS4WORKERS is to develop and demonstrate solutions that provide production employees with the information they need
to perform their daily work at the right time and in an appropriate manner. These
smart ICT solutions should, inter alia, improve decision making, support the search
for problem solutions and ultimately strengthen employees’ position on the factory
floor.
In the project proposal, we specified that we would develop smart ICT solutions for
four industrial challenges: personalised augmented operator (IC1), worked-centric
rich-media knowledge sharing/management (IC2), self-learning manufacturing
workplaces (IC3) and in-situ mobile learning in the production (IC4).
In addition, we specified the following measureable indicators in the proposal:
Increasing the problem-solving and innovation skills of the workers;
Increasing the cognitive job satisfaction of the workers participating in the pilots;
Increasing the average worker productivity of the workers participating in the
pilots by 10%;
Achieving TRL 5-7 in a number of worker-centric solutions through which workers will become the smart element in smart factories.
Specifying the impact further
During our analysis, we additionally structured the impact on the individuals and
the organisation into seven major dimensions, five for impacts on the workers and
two for on the organisations.2 These will later help us analyse the impact of the identified contexts-of-use.

2

We have deduced these dimensions from well-known scientific studies (see below).
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The workers’ impact dimensions are:
1. Autonomy - the freedom of choice regarding what to do when and the possibility to drive their own decisions without consulting various superiors or
colleagues.
2. Competence- subsumes three sub-dimensions:
a. The ability to make informed decisions. These decisions are often also
relevant in a problem-solving context.
b. The ability to solve problems individually or collaboratively form another sub-category.
c. The competence to produce innovations has been subsumed here.
However, successful innovation needs organisational frame conditions that allow for changes and workers’ individual abilities to persuade other people to adopt their ideas.
3. Relatedness -subsumes two sub-dimensions:
a. A worker’s general participation and involvement
b. A worker’s awareness
4. Variety - the diversity of the tasks during the employees’ daily work.
5. Protection - subsumes two sub-dimensions:
a. The reduction in stress levels.
b. The reduction in cognitive overload, resulting in less worker frustration during their daily tasks.
We have deduced these dimensions from well-known scientific studies: The first
three dimensions can be aggregated into the psychological empowerment concept
as expressed in the self-determination theory, which uses the exact same three dimensions (Spreitzer 1995; Deci, Connell, and Ryan 1989). In the empowerment
realm, the fourth category, variety, plays an especially important role in work contexts (Turner and Lawrence 1965). Hence, the core directions of the impact are the
workers’ empowerment and protection.
The impact dimensions for organisation are3 (Neely, Gregory, and Platts 2005):
6. Quality - aggregates all impacts which are relevant for quality monitoring and
traceability as well as for fault or deviation prediction and fault prevention.
3

Literature also differentiates two further dimensions: flexibility and costs (Neely, Gregory, and Platts
2005). We do not consider flexibility further, since it is an emergent property and requires
workers to be empowered in the autonomy and variety dimensions. Flexibility cannot exist
without these dimensions. A prime example of flexibility is the first EMO context of use. EMO
produces lot sizes of around one. Each product is therefore fully tailored to the customer’s
requirements. At EMO, this is due to the nature of the product. However, this way of production is
being increasingly adopted in other industries. For example, in the car industry, the customers
have increasing configuration possibilities and options, which make these cars largely unique.
Consequently, in industries that focussed on mass production, this flexibility is currently also
becoming very important, which it will also be in future. We do not further consider costs at this
time, since we do not have realistic estimates of the impacts as yet. However, we will again discuss
the impacts on costs later in the project.
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7. Time efficiency – subsumes improvements regarding decreased downtimes,
higher throughput and faster decision making as well as faster reaction time
The following figure visualises the dimensions of impact4:

Figure 6:

Framework of impact dimensions and terms

Please note that, in this phase, the identified impacts are independent of the specific
technology used for the implementation in later phases. Further, there are
only rough sketches of the human-machine interfaces.

2.3 Data collection Phase II
2.3.1 Analysing work practices
Based on the knowledge gained in the first step, we prepared the work practice
analysis. We selected problem scenarios as a representation of the current work
practices in order to simultaneously show the current situation, problems and
shortcomings. We selected process models (in BPMN - Business Process Model and

4

This framework may also be used in later project phases for the evaluation of the smart factory
solutions.
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notation5) to capture the coarse processes in order to embed the problem scenarios
in the organisational context. Both representations were used to disseminate the
knowledge within the project consortium.
Definition
“Problem
Scenario”

“A problem scenario is a narrative of current practice that synthesizes actors,
themes, relationships, and artifacts discovered in the field work.” (Rosson
and Carroll 2002)
In the project, personas achieved this synthesis of actors. “Personas are user models that are represented as specific individual humans. They are not actual
people but are synthesized directly from observations of real people”
(Cooper, Reimann, and Cronin 2007)

Definition
“Persona”

We selected a multi-methods approach to capture the knowledge necessary to create the scenarios and personas. The main instruments used to elicit the actual work
practices from the workers’ perspectives were semi-structured interviews, observations and additional documentation, such as photographs and video recordings.
When appropriate, a specially developed point-of-view (POV) camera was used to
directly capture the working environment from the worker perspective.
A word on privacy
FACTS4WORKERS sets very high standards regarding guaranteeing privacy and all the
related personal rights of the involved individuals.
Before we started a data collection, all responsible stakeholders (like working council)
were involved and we keep them continuously informed.
Whenever we introduced the project to individuals and started talking about the project details, we informed them that their participation in any data collection
was part of research activities carried out within the context of the EU‐
funded project “Facts4Workers ‐ Worker-Centric Workplaces in Smart Factories”. We further informed them that their data would be stored and used
anonymously for the project and that the raw data would remain confidential and would not be disclosed to third parties, including their factory. In
addition, we informed them that reports and publications based on these
data would not contain any personal data. Most importantly, we made very
clear that their participation was voluntary; consent could be refused and
withdrawn at any time.
At the end of this briefing, every individual involved in the data collection (no matter
whether for interviews, photos or workshops) has signed an “informed consent”.

5

BPMN is a graphical modelling notation standardized by the Object Management Group
http://www.omg.org/spec/BPMN/2.0/
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Semi-structured Interviews

Figure 7:

Rough structure of the interviews

We designed semi-structured interviews, which ensured that certain aspects were
captured in a comparable way and depth across all the interview partners, while
also allowing us to do “deep dives” into interesting topics that arose during the interviews. The coarse structure included questions on individual work practices,
group work practices, the worker’s perspectives on an envisioned situation and on
the current situation’s potentials. The personal practices encompassed general
questions on the daily tasks, the difference between good and bad days, reasons for
being prevented from working and, specific, in-depth questions on the tasks identified. These specific questions included information on the tools, information needed
for the tasks and the social network required to complete tasks (i.e. the colleagues
involved). Questions on the group practices comprised asking who participates in
tasks in which ways and how the work in the team is coordinated. In addition, information was elicited regarding the communication behaviour and the tools. Figure
7 displays the interview structure.
Figure 8 below matches the interview structure and the artefacts we created from
them.
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Figure 8:

Mapping of interview modules and artefacts

Focus Groups
Focus groups were selected to capture the organisational context in more depth.
Here, we focussed specifically on the problems from the management perspective
and on their ideas regarding how to assess and control these issues in this project’s
domain. The focus group was planned to take approx. 120 minutes and used an electronic meeting support system called Group Systems6. The standard functionalities
of such systems encompass discussion, brainstorming, categorisation and voting
support (Nunamaker et al. 1991). In three cases (Hidria TC, Thermoloympics,
ThyssenKrupp Steel Europe) we could not use Group System and used a structured
approach that was very similar, but did not include software support.

6

The product was originally developed by the Ventana Corporation. Currently the product is sold by
ThinkTank. http://thinktank.net/

23

Method and Solution Design

Figure 9:

Focus group supported by the Group Systems (tm) GSS

The agenda was designed around the identified contexts-of-use in order to identify
the intended changes (start-stop-continue-change) and the criteria regarding how
and when to measure success (Project KPI) as well as the threats and weaknesses of
a smart factory solution from the management perspective.

Figure 10: Our Focus group agenda

Job shadowing
The third method applied in the data-collecting process was the contextual inquiry
technique. With this technique, people are observed while carrying out their tasks in
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their normal work environment. During the observation, notes are taken on anything special (as perceived by the observer) and whenever problems arise, or if the
performed action is unclear and needs further explanation. Questions can be asked
directly during the observation if something remains unclear. This technique also
allows for identifying people’s behaviour by commenting directly on the actors
whose actions are reflected in real time. Another positive aspect is that the observed
practices can still be reflected in a later data-collecting, analysis and knowledgedisseminating phase.
A job-shadowing prototype was developed to support the process of obtaining data
from the workers. A Raspberry Pi credit-card–sized, single-board computer forms
the basis, a camera module was added to this to provide a video feed. A USB headset
was added to allow for two-way audio communication. The system was fitted into
the smallest possible casing to ensure safe and pleasant wearing. A chest strap allowed hands-free operation. A continuous wireless uplink allowed remote observation. In parallel, a two-way audio link enabled communication with the worker
without interrupting his practices. Everything was recorded at a remote site (in this
case a laptop) for later investigation.

Figure 11: Job shadowing with point of view camera

A job-shadowing session could not take place at every company, mostly due to business-privacy issues. Figure 11, shows the job-shadowing operation at EMO Orodjarna d.o.o in Slovenia.

25

Method and Solution Design

2.3.2 Instantiation of the methods at the industrial partners
The following table shows how our approach was instantiated. During our visits to
our industrial partners (from February until June 2015), we carried out one focus
group session at each IP. Moreover, to date, we have conducted 44 interviews in four
languages (English, German, Slovenian and Spanish), have taken more than 100 photos and 20 (about 10 POV) videos. In addition, we had the opportunity to observe
many working steps in detail (even when no videos were allowed).
All interviews were conducted by the research partners (in five cases UZH, in Spain
together with ITA). In most cases the workers were interviewed in absence
of any industrial partners’ representatives that could influence them. In Slovenia we had interpreting support from the companies.
Table 1:

Overview of exploration

Focus groups

Interviews

Other

Dates
(2015)

EMO

4 persons
GS supported

6

Observ., Photo,
POV

1: February
2: April

HID

6 persons

1 (TC)
+ 4 (Dieseltek)

Observ., Photo

1: February
2: April

HIR

4 persons
GS supported

2

Observ., Photo

1: February
2: April

SCA

4 persons
GS supported

11

Observ., Photo

1: March
2: May & June

THO

4 persons

10

Observ., Photo,
Video, POV

1: March
2: April

TKSE

6 persons

10

Observ. (on site,
mobile), Photo

1: March
2: May & June

10h
of focus group
sessions

44 Interviews

> 100 Photos 20
videos
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2.4 Created Artefacts

Figure 12: Overview of the artefacts created and their relations (“artefact ontology”)

Based on the data collection and analysis, we created several artefacts which serve
as documentation and boundary objects for the communication within the project.
As explained above, the descriptions of the context-of-use in the form of texts and
process diagrams were the primary instruments for the communication of practices.
Figure 14 shows how the various documents relate to each other. The description of
the practices in the representation of problem scenarios always refers to specific
personas and focuses on the individual level of work. The collaboration diagrams in
BPMn notation represent a group perspective on the work practices. Here, the various sources of information and artefacts used are also taken into account. In the
future project phases, the requirements will also utilise the same notations with a
focus on future individual work practices and collaboration (activity scenarios and
“should-be” collaboration process models).
In the following three sections, the created artefacts are described in more detail.

2.4.1 Personas
As already mentioned, personas are user models that represent a fictional aggregated character based on the information gathered during the contextual inquiry. These
characters’ thinking, goals and reasons for striving to achieve them were mapped to
the persona (Cooper, Reimann, and Cronin 2007).
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Figure 13: Persona template used in F4W (based on Cooper, Reimann, and Cronin (2007))

The observed behaviour patterns were evaluated, which was then formalised in the
modelling phase. Four to five interviews can therefore be reflected in one to five
personas, as this always depends on whether the observed patterns can be aggregated in one composite archetype (one persona). Figure 15 displays the template
used to capture this information.

2.4.2 Problem scenarios
A problem scenario describes how the actors perform their work in a described context and the activities in which they are engaged (Rosson and Carroll 2002). The
scenarios are represented as textual stories, whose characters are based on the personas, as described in the previous subsection.
The following box shows two examples of such a problem scenario. It describes a
worker in the context of assembling a product. Not only the factual knowledge is
described (such as the decisions that are made), but the individual’s intention and
considerations are also shown. In later steps, this can help derive statements (Rosson and Carroll 2002) regarding the positive and the negative features of this context, which can in turn inform the later list of requirements.
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Two example excerpts of a problem scenario:
After his walk across the shop floor, Ivan realises that a part required for the assembly
procedure was missing. Ivan now has to decide whether to work on another
product, or to resolve the missing part problem. There are normally four
lines of production in which he can decide to engage. Before switching to
another line, he has to inform the group leader, who then has to solve the
problem if Ivan does not (or cannot) resolve it himself, or he can talk to the
relevant machine operator. Ivan is not the type of person who likes changing
between the lines, as frequent switching between the lines wastes a lot of
time.
Another excerpt of a problem scenario:
[…] With the help of the BOM, Martha checks the status of the assembly process and
ensures that material and machines are available for the upcoming tasks.
This takes half an hour to an hour each day. If Martha identifies missing
parts that should have been produced in-house, she speaks directly to Marjan, the production manager. He rearranges the production order for the
next day to deliver the parts. This agility helps the company react very quickly if there are mistakes. But if some externally produced parts are missing,
or even raw material is missing, it is probably due to a delay in delivery, or
to communication problems with the procurement department. It is impossible for Martha to check all parts and stock in advance, because each project requires very many pieces, the schedule changed recently and the parts
also change from product to product […]

2.4.3 Collaboration Diagrams
In addition to the creation of personas or problem scenarios, it is important to understand the interpersonal and organisational workflows. These diagrams offer a
holistic view of the interaction of the workers, the used artefacts and the flow of
information.
As the commonly known BPMN syntax was used to depict and document the processes, it was used as a prime artefact to communicate the processes within the project and to communicate with the industrial partners. These process models also
offer a clear way of describing the change in the processes that future solutions will
produce in terms of as-is and should-be models in the later project phases. This direct comparison allows a fast-forward view of what the imagined solution will
change and helps anticipate the implications for the specific industrial partner.
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Figure 14: Example BPMN of one context-of-use showing the complex communication and
interaction practices between the relevant employees
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3 Contexts-of-use at the industrial
partners
We describe the workers’ practices and the organisations’ contexts at six industrial
partners (IP). As initially explained, this in-depth understanding of workers’ individual practices will help us provide suggestions (in the form of requirements) for
an ICT solution that supports smarter work. We structure the captured practices in
the form of eight use contexts, i.e. four IPs have one use contexts, two IPs have two
use contexts. These contexts have been validated with the industrial partners. During the creation of these contexts, we received constant feedback from the IPs during regular phone calls, as mark-up and comments in the text documents and in face
to face meetings at the industrial partners’ sites.
The contexts-of-use of Hidria Rotomatika, EMO Orodjarna and Schaeffler have also
already been published in a scientific journal (Richter et al. 2015).
Please bear in mind that the focus of this deliverable is on identifying the current practices and not on defining requirements. Consequently, the main part of the textual
description describes the situation at the start of the project. Nevertheless, we end
each description with a short outlook. In some cases, this outlook might cover the next
few months, in others there might already be a clear vision.
Please note that these textual descriptions are high-level descriptions of the practices
(as can be seen in the overview of the artefacts created and their relations (artefact
ontology). We cannot disclose detailed knowledge due to privacy concerns and as such
knowledge may include company secrets.
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3.1 EMO Orodjarna
EMO Orodjarna d.o.o. (EMO) produces tools for metal stamping (progressive and
transfer tools). The company’s main customers are the automotive and aviation industries and their suppliers to which EMO delivers tools for large presses. Most of
the tools’ components are manufactured in-house. These components are later assembled into the final product (progressive and transfer tools) that is delivered to
the customer. The company aims for maximum production quality and works in
close cooperation with its customers from the simulation and design activities to the
actual manufacturing process and, finally, to the quality control and shipping.

Figure 15: Typical stamping tool for sheet metal transformation produced at EMO

3.1.1 Awareness for flexible production workers
The assembly procedure embraces the core activities of mounting the transfer, progressive and individual tools for medium and large part production that uses aluminium alloys and other high-strength materials. The tools produced are usually
unique, as they are individually aligned to the precise customer requirements.
Hence, even if the structure and the modules of tools are similar, each tool is usually
built only once. This requires a high degree of worker agility. Several tools are built
in parallel and the components are manufactured just-in-time to allow for a high
degree of resource utilisation. On one hand, this implies that the employees need to
continuously adapt their working procedures to the current situation in the shop
(i.e. the worker needs to regularly consult the mechanical drawings and part lists to
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coordinate the assembly process). On the other hand, the de-centralised selforganisation within this production environment does not notice this agility. Processes are only present in a coarse-grained manner, but need to be dynamically negotiated between the workers for the fine planning. The detailed assembly process
depends on the individual tool workers who utilise their experience to infer the procedures from the mechanical drawings, and negotiate the delivery or manufacturing
of components with the machine operators. Components required for the assembly
are then stocked below the metal cast frame at the beginning of the assembly process. Under normal conditions, one crew builds the tools from the beginning to the
end.
Whenever a worker cannot resolve a situation himself (i.e. parts are missing or do
not fit), the project leader is informed and ensures the delivery, or repair, of these
components. In the case of missing components, these have either already been produced, but are not at the correct place, or they still need to be manufactured. Furthermore, not all components are produced in-house. Some of the parts (standard
parts) must be ordered from suppliers and this may require additional expenditure
if the missing parts are noticed this late in the production process. Depending on the
product’s deadlines, the production can be prioritised to deliver such missing components quickly. Regardless of the cause and actions taken, these interruptions in
the assembly are time-consuming and dissatisfactory for the tool-workers on the
shop floor.

Figure 16: Large CNC 3axis milling machine workplace (left), large progressive transfer tool
built at EMO (right)

The mentioned high demand for agility should also be reflected in a supportive ICT
environment that aims to retain the benefits of self-organising assembly teams,
while diminishing the negative effects. Mobile ICT solutions could, for example, potentially strengthen the workers’ networking and interconnection capabilities, thus
providing them with more transparency and awareness. The workers’ perceived
frustration is currently primarily caused by lacking or insufficient information about
other workers’ current work status, and about the parts they produce. Here, an ICT
tool could offer simple means of communicating the current work status to other
workers, for example, regarding what employees are currently working on, or what
they are waiting for that prevents them from continuing. Such a system would fully
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retain the self-organising character of the shop floor, but would simultaneously reduce the communication effort drastically. In addition, such a solution would help
plan the individual schedule and would provide all interested stakeholders with a
coherent picture of the tool production’s current project status.

3.1.2 Machine maintenance skills for operators
Highly skilled workers utilize a large machine park to produce parts according to
specifications. CAD drawings and CNC programs guide the production steps. The
workers are assigned to a specific machines that they operate. They have detailed
and specific knowledge of these machines and are generally the first ones to realise
that there are problems or deviations. Currently, a special maintenance team, which
periodically checks the machines and does repairs whenever necessary, does the
maintenance. The worker just does smaller maintenance jobs, such as topping up
the cooling liquid, or changing an air filter. The aim of this context-of-use is to upskill
the workers so that they can also perform preventive maintenance tasks on their
machine in order to prevent damage and can thus increase the overall machine utilisation by making the machine more durable.

Figure 17: Typical CNC machining operation of press part
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Figure 18: Lubrication, a typical maintenance operation on a CNC machine

Possible future improvements could be to guide the workers through the maintenance process by offering them the right amount of information when they need it to
undertake an activity. This can be done by means of IT solutions tailored to this environment and to the worker’s knowledge demands. This could include a mobile
device that helps during maintenance activities by providing specific instructions
and guidelines.
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3.2 Hidria Technology Centre: Problem-solving
support for production workers

Figure 19: View of the assembly line production workshop. A complex assembly line has been
built and is ready for shipment

Hidria Technology Centre d.o.o (HID) designs and manufactures a wide spectrum of
partly or fully automated assembly lines, ranging from simple conveyer belt designs
that support manual assembly to fully automated lines equipped with state-of-theart instruments that ensure products will meet their specifications. These sophisticated machines are tailor-made, i.e. they are designed from scratch for specific customer needs (built-to-order).
Since the machines are equipped with programmable devices to control the process,
the development is a co-design effort by mechanical, electrical and software engineers. However, once installed at the customer’s site, these assembly lines show a
typical efficiency7 of just 65%. The loss in efficiency is either due to time-consuming
set-up and maintenance activities, or to lacking supplies. In such cases, the line
comes to a halt, or produces parts that have not been specified. The reduction of setup and maintenance time is the focus of this context-of-use.
We assessed the practices of the set-up and maintenance activities at Hidria Dieseltek, a division of the Hydria company and an internal customer of the assembly
lines. At this site, assembly lines support the final assembly steps and quality checks
of glow plugs for diesel engines8. To achieve a high quality and time efficiency, oper7

This is called the overall equipment efficiency (OEE). ISO 22400-2:2014 Automation systems and
integration -- Key performance indicators (KPIs) for manufacturing operations management - Part
2: Definitions and descriptions

8

These lines are up to 24 m long and house numerous apparatus to incrementally manufacture and
check the glow plugs. The typical capacity of such a line is tens of thousands of parts per week.
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ators have to react quickly to problems during the production. If the glow plugs lose
their tight tolerances, the line is halted and the source of the problem needs to be
found, evaluated and fixed. Line operators and line owners (supervisors of the operators) work together to quickly resolve the issue. This team directly fixes small
problems like the replacement of defective parts, such as simple pneumatic (or electrical) actuators or sensors. With larger faults or more complex problems, the internal maintenance crew helps bring the production up to speed again as quickly as
possible. However, switching to another product that has to be assembled and tested at these lines is the most typical and time-consuming event. In today’s environment, which demands ever smaller lot sizes and fast delivery, this flexibility is key
for competitive production. Further, a reduction in in-house stock requires the capability to engage in just-in-time production, which in turn requires a rapid shift to
other products. Here, the essential goal is to adjust and calibrate the machine so that
the new parts will be produced according to their specification. These set-up procedures often require several hours of labour until all the problems have been resolved and mass production can start. These set-up times certainly play a significant
role in the OEE of the assembly lines.

Figure 20: Production line during construction

At HID, these demands are well understood and novel approaches in assembly-line
control help the operators resolve issues quicker and more autonomously. However,
owing to these machines’ complexity (assembly lines), it seems futile to identify every possible problem or fault condition as well as a relevant procedure for resolving
them. The customers of these machines also update and change them constantly
throughout their lifetime to support new product designs.
Consequently, HID aims to manufacture a new assembly line generation that applies
self-learning techniques in order to continuously adapt its support for the crew that
operates such a line. This support is twofold: (1) The line helps the operators document new problems. The procedures applied to resolve the issues are also documented. Hence, the knowledge adapts dynamically to the occurring faults and problems and is externalised so that it can be shared with new or less experienced operators. In respect of known or recurring problems, the system helps by troubleshooting. (2) By applying machine learning and big-data analytics, the machine can pre-
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dict fault conditions and inform its operators timely. The problems are therefore
addressed even before they manifest in an unexpected line standstill, or in deviations from the product’s specifications.

Figure 21: Typical production cell, demonstrating the complexity of each apparatus

In summary, in this context, the vision is to transform the currently isolated realms
of machine control and worker duties into a socio-technical entity that allows flexible production and continuous improvement. The knowledge management capabilities will also offer the flexible allocation of additional staff to these lines. In addition,
the increasing problem-solving competencies of such a human-machine system
would also mean that the line supervisors and maintenance team members no longer have to deal with recurring issues.
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3.3 Hidria Rotomatika: Augmented decision making
for production workers
Hidria Rotomatica d.o.o. (HIR) produces electrical steel laminations and die-cast
rotors for automotive and other industrial applications. The company produces
parts in the desired quantity according to its customers’ designs and specifications.
One stream of products are die-cast rotors with shafts that are used in electric motors. These die-cast rotors are compound components consisting of electrical steel
laminates and aluminium that form the basis of these squirrel-cage rotors of electric
motors. In a later processing step, a precision machined steel shaft is inserted into
the rotor to complete the assembly. The process from the raw material to the completed product is spread out over the plant, as it involves numerous processing steps
at the factory’s different workplaces (i.e. steel stamping, laminating, die-casting of
aluminium and the final assembly). The practices that the workers apply are manifold and involve various forms of human-machine interactions, ranging from manual
tooling to robot collaborations. The production activities are fully managed and controlled.

Figure 22: CNC machining of the rotor shafts

The workplace of the final rotor assembly is the locus of our investigation, i.e. the
context-of-use in this company9. The main activities in this specific part of the production involves pressing a shaft into a rotor, machining that compound component
and assessing the dimensional properties of the finished good. It is the operators’
responsibility to ensure that the produced parts meet the specification. To ensure
this, they assesse all critical dimensions of each piece produced, using handoperated measuring devices, such as gauges, callipers and dial indicators. If the parts
are no longer as specified, they are thrown away or re-machined if possible. However, in such cases the cause of the deviation has to be identified and resolved. This
9

This gives the project the possibility to focus intensely on a single worker’s perspective and to explore
how to further support him by providing appropriate information. In later phases, this knowledge
can be multiplied to other workplaces in the company.
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mainly involves a correction of the program parameters in the CNC machine controller. Based on his experience, the operator estimates the parameters for the next machine run. Cycling through subsequent measure-adjusted activities leads to the desired result of parts machined to fully comply with their specifications.
This can be a tedious process, ranging from 30 minutes to several hours. This happens especially when the production switches to different parts, as many dimensions will be affected simultaneously. The operator’s only source of estimates of the
parameter correction is his experience at this workplace and the specific machines
involved. Hence, the efficiency of the production depends on his ability to quickly
resolve these dimensional deviations in order to minimise the parts wasted during
this process.

Figure 23: Worker’s desk for manual quality control

The vision of this context-of-use is to support the highly skilled workers with helpful
information while they perform their tasks. The operator’s monotonous and labourintensive tasks could be improved by automated electronic measurements. Further,
big data analytics could process this information, which is more accurate than
pass/fail testing, together with the information from the CNC machine. The outcome
could be fed back to the workers to provide them with parameter estimations or
fault predictions so that they can take appropriate action.
Overall, this context provides the potential to provide a skilled worker with appropriate and helpful information, while keeping him an integral and non-substitutable
part of this delicate control loop.
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3.4 Schaeffler AG
Schaeffler AG (SCA) is an automotive supplier with a world-wide network of manufacturing locations, research & development facilities as well as sales offices. With
more than 82,000 employees at approximately 170 locations in 50 countries, SCA is
one of the world's largest family-owned technology companies. At the plant that we
examined, SCA produces various engine components. Recently, the plant has
changed its production process paradigm from “workshop series production” (i.e.
production is separated into several workshop areas) to a modern “value stream
production” (i.e. the production of one part is organised in one integrated process).

3.4.1 Quality control expertise for workers
The change to value stream production led to a redesign of the existing quality management processes, specifically of the operational quality assurance. We next discuss
these changes in detail:
First of all, an operational quality assurance (QA) employee is no longer only responsible for a subfield of the production process, but for all of the manufacturing
steps of a value stream and all of the related technologies. This means greater demands on a QA employee’s already comprehensive qualification profile: A QA employee currently requires additional expertise on a larger number of production
machine types and the associated measuring devices. Furthermore, the change to
value streams means that the production area is responsible for the QA. Thus, a QA
employee is organisationally subordinate to the production value stream and acts as
a service provider within this stream. As such, the QA staff supports the production
staff with daily problem solving, for example, troubleshooting a malfunctioning
measuring station.
In addition, QA employees support new product type launches by, for example, testing and approving new machine settings in a timely manner. Further, they have other regular tasks, such as reviewing and archiving all the relevant inspection documents, creating action plans (including shutdown measures) for defective equipment as well as doing measurements to re-evaluate possibly incorrect measurement
devices. Integrating QA and production employees as well as the associated employees who are jointly responsible for QA and production, leads to a closer and better
cooperation, but the trade-off between the greatest possible number of pieces produced and the quality remains the primary tenet.
The changed situation has not only increased the standards of QA employees’ qualifications, but also the standards of production employees’ QA qualifications. The
QA’s increased task range and the generally prevailing demand for efficiency challenge both sides to acquire the needed skills besides doing their daily work. If the
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production staff is not sufficiently trained, this rebounds on QA employees, who will
receive additional support requests. In addition, as a service provider, QA has a
strong interest in helping the production staff to execute their quality-related tasks
as best and as quickly as possible. A high level of targeted coordination is needed
between the production and the QA employees to achieve this while minimising
their number of unplanned support tasks (e.g. approval of settings during restarts).

Figure 24: Two of several quality control test sites

As shown above, there is a high demand for skills acquisition and for a close exchange between QA staff and production staff. The variety of necessary processes
and tasks as well as the related document types should be jointly collected.
It would be helpful to provide both sides with improved access to action-related
knowledge. In addition, the centralised documentation of shift handovers and problem-solving processes may be supported, while simultaneously reducing the paperbased documents. Improving the problem-solving skills should contribute to a reduced number of support requests and, ultimately, to QA employees experiencing
reduced stress. Moreover, the time saved can be invested in preventive and strategic
measures to further improve the production quality. The time saved could, for instance, be used to analyse defective manufacturing parts. The insights gained from
such an analysis could contribute to an even better calibration of the equipment and
reduce the proportion of scrap material even further. In addition, there will be more
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time for processing the actually planned principal activities, such as creating process
maps and capability maps.

3.4.2 Paperless information management for assembly workers
The second SCA context-of-use focuses on the value stream of chain spanner production processes. The production is divided into several groups, each of which produces items for the final product and is part of the value stream. One of the main challenges is the just-in-time production, thus establishing compliance with the quantities and timelines without creating large stocks.

Figure 25: Automated production line

The production runs 24 hours in a three-shift operation. The operator, (tool) setter
and team leader roles basically describe the task within a shift. Operators work directly on the machines and maintain the production process. Setters monitor the
quantities and quality of the multiple machines, set up and retool the machines if
necessary and support the operator when required. Team leaders coordinate the
operators and the tool setters in each production area and report to the product
managers.
A typical day begins with the shift handover, which involves operators, setters and
team leaders. During the handover, they orally and in writing exchange important
information for the subsequent shift. Owing to the large number of documents and
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their decentralised storage, information management is a major challenge - especially across multiple shifts or over longer time periods. For example, there are several
physical and digital shift logs that document any occurrences during the shifts.
After the shift handover, the setters carry out the necessary maintenance procedures and document them. In addition, the machines are calibrated and retooled to
meet the requirements of the current orders. Subsequently, the setters measure
whether the parts currently being produced are within the value ranges a priori
specified.
During the production, the operation of the machine is monitored continuously and,
if necessary, materials are replenished. In addition, as part of a regular series production monitoring, the operators constantly check each semi-manufactured product for the defined quality. If shortcomings are detected the setters recalibrate the
machine. The team leader records the product quantities several times a day and
compares these with the nominal number of production orders. Counting pieces is
partially redundant, very time-consuming and prone to errors due to media breaks.
If the required product quantities are reached, the machines must be retooled for
the following order. At the end of the shift, the handover to the next shift takes place.
The requirements regarding parts’ quantities are very high. Deviations from the
budgeted number of individual components have far-reaching impact on the value
chain. This requires a smooth and efficient operation of the internal processes. Nevertheless, there will always be unpredictable material and machine problems that
threaten the well-timed production operations. In addition, the documentation processes are usually not digitised and are partially inefficient. The exchange of information between employees mostly occurs orally and is not well structured, which
means the sharing and traceability of important information over longer periods
cannot be guaranteed. Furthermore, it is not possible to access relevant information
centrally and efficiently.
Potential solutions will contribute to improvement in the current situation, support
the employees in their daily communication and provide easy access to information.
Thus, each employee’s competencies can be increased significantly, which will in
turn have a positive effect on the efficiency and attractiveness of the workplace.
.
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3.5 Thermolympic: Paperless information
management for production workers
Thermolympic S.L. (THO) is a specialist in the field of thermoplastic injection moulding as well as in the design and construction of the moulds used in this process.
THO’s customer base extends from original equipment manufacturers (OEM) in the
automotive industry (e.g. fittings for cars) to suppliers of end consumer products for
supermarkets (e.g. thermos flasks). Most of the injection moulds are produced inhouse. These components are assembled into an intermediate or final product and
shipped to the customer. THO works closely with its customers from the design activities to the actual manufacture of the moulds, their quality control and shipping.
In the following, we briefly summarise the various challenges that THO employees
face in the current production process: Operators either manufacture work pieces,
or process prefabricated work pieces. Depending on the work, this process requires
part-specific knowledge. Colleagues and paper-based documents provide this
knowledge directly to the workbench. If the employees have specific questions, they
have to contact the appropriate team leader. If the employees have ideas for improving the manufacturing process, they have to rely on face-to-face communication with
colleagues or superiors.
In addition to their manufacturing activities, the employees are also tasked with
fulfilling the handling of data on the work pieces’ continuous quality assessment.
Even before they execute their own production step, the operators have to check
that the incoming work pieces meet their specification. Quality managers, in close
cooperation with the customer, define the quality requirements. During the production run, the employees manually record the throughput per hour, the number of
errors and the types of errors on a flip chart, sometimes communicating the information directly to the team leader. If there is a serious error, the entire production
line has to be stopped and re-adjusted. In order to undertake the quality control of
the produced parts, the operator relies on a variety of manual checking procedures,
for example, visual inspection of the forms and comparison with the specification.
This quality control step is particularly error prone, because it is a rather monotonous task. If a deviation requires a readjustment of the production line, the team
leader consults paper-based configuration instructions and also documents the
changes on paper. Currently, this documentation is only rarely processed in the later
process.
The quality management data are noted on a flip chart, which quality managers
transfer to an Excel document for further processing. In this process, a hierarchical
folder structure and a variety of Excel spreadsheets are used, but these are additional sources of errors and have to be maintained with a great deal of manual effort.
The preparation of the tables also requires a high level of background knowledge

45

Contexts-of-use at the industrial partners

about the production, about the file itself as well as requiring previous experience
with the folder structures and tables. The data are made available to decisionmakers with a delay that may extend to a day, which means that the planning and
decision making are based on non-current data.
On the one hand, the current process is monotonous, as the operators have to perform the same steps repeatedly. These steps could easily be automated and carried
out by machines (i.e. automated quality control and documentation). However, the
operators cannot solve problems autonomously. Hence, they only carry out prescribed work steps and have no decision competency. On the other hand, the current
process results in a high work load with very limited time for strategic actions (like
suggesting innovations) and also comprises long delays, which means the decisionmakers have to rely on outdated information.

Figure 26: Tool set-up

As a first step in this context, it seems viable to help the operators by automating at
least the reporting procedures and by bundling the information required for the
context. This can be achieved in the short term by installing and implementing a
company-wide manufacturing execution system (MES). With the help of such a MES,
all quantitative data created during production are recorded automatically. These
data are then available to all the employees, quality managers and decision-makers
in real time. This eliminates much of the manual reporting and allows communication on the basis of real-time figures. In addition, the creation of standard reports is
automated and is therefore less susceptible to errors, is less time-consuming and
less monotonous.
In a next step, the partially automated system should help production workers with
the quality control. The result of the quality assessment of the individual parts
should be maintained in the MES database to enable further (big data) analysis to
identify trends and patterns. This information can help predict defects, proactively
control production parameters and prevent errors.
This information could also be used as a basis for the decision-makers’ strategic
planning of the production on medium-term time scales. Furthermore, the distribu-
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tion of work-piece requirements within the company should also be automated and
supported with smart ICT solutions. Here, a solutions is envisioned that allows them
to work without paper-based documents (i.e. specification). This also facilitates operators’ feedback to project and quality managers. The system should present the
intended information tailored to the specific needs of the different functions associated with the quality control process. This human-machine interface could be implemented by using tablet PCs, or larger touch screens mounted in close proximity
to the workbench, to ease data entry and perception. Besides speeding up the processes and reducing errors, one of the most powerful use cases for these digital tools
would be to set up an automatic training program. This would allow the operators to
develop their level of background knowledge. This would also develop their autonomy to further enhance the processes.
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3.6 ThyssenKrupp Steel Europe: Problem solving
support for mobile maintenance workers
ThyssenKrupp Steel Europe AG (TKSE) is one of the world's leading suppliers of
carbon steel flat products. With approximately 19,500 employees, it manufactures
high-quality steel products for innovative and demanding applications in various
industries. Customised steel material solutions and services complement the business activities. TKSE values the knowledge of skilled workers as a crucial factor in
meeting constantly increasing demands for quality and efficiency. Simultaneously,
these demands also increase the work complexity. A decreasing number of employees and shorter familiarisation phases require continuous operational and extraoccupational development of the employee knowledge and competencies. In this
context, we focus on maintenance in the fields of HVAC (Heating, Ventilation and
Air-Conditioning) and electricity. In this maintenance division at TKSE, employees
service and repair electricity systems and air conditioning equipment at the 9.5
square kilometre factory premises in Duisburg, Germany.

Figure 27: Electrical substation (left) and furnace (right) at TKSE in Duisburg

While troubleshooting, these employees face a number of challenges: Initially, faults
are reported via telephone, e-mail or fax. Subsequently, this coarse-grained information on the type of fault and system is handed to the mobile maintenance staff in
the form of a paper document. Frequently, neither the direct route to the fault’s location is known, nor is a map available on the fault’s surroundings. Depending on the
location of the faulty part, personal protective equipment might be necessary
and/or special entry and exit procedures have to be executed. New employees need
an average of two years’ experience before (1) they know their way around in this
environment, (2) they are familiar with the conditions in most of the factory buildings and (3) they can troubleshoot autonomously. Despite a structured knowledge
transfer, the necessary knowledge also has to be acquired through experience. Usually, this happens through mutual assistance that experienced colleagues provide, or
through systematic trial and error iterations over time.
With over 3000 units to be serviced and possibly repaired, maintenance employees
rarely have all the relevant information at hand to solve a specific problem. This
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results in a significant effort to gather more information. Similarly, when spare parts
are needed, the workshop has to be contacted, or personally visited, as information
on the availability of these parts and the status of order transactions are unavailable
to the maintenance personnel when they are mobile.
Feature phones (not smartphones) without access to mobile data services currently
support the whole troubleshooting process. As the rest of the fault management
process is strongly paper based, the information exchange is hampered and problems can thus occur. For example, employees may engage in repair processes that
other employees have already started. Additionally, specific knowledge is often lacking, but the employee with that knowledge is not available, or not present at the
fault’s location. Here, a communication infrastructure that connects two or more
colleagues would be helpful, but has not yet been deployed. These obstacles hamper
the maintenance process, which means individual employees have to invest unnecessary time, driving to certain areas multiple times and develop frustration and
stress.

Figure 28: Paper-based (left) and witheboard-based (right) documentation

Owing to the above-mentioned mobility and the wide range of challenges that the
maintenance staff face, it is important that the information they require can be provided anywhere and at any time. Context-specific information (i.e. documentation
covering the failed system) should also be available in these situations. This could
potentially be realised by implementing a mobile knowledge management platform
with the maintenance worker (as a mobile knowledge worker) at the centre of attention. Furthermore, as we have pointed out, the maintenance staff needs to access
collaborative knowledge and their colleagues’ experience. Through these solution
elements, the maintenance engineers become smart workers. With this form of
knowledge work, the communication between the colleagues can be increased, experience and knowledge can easily be exchanged and the fault elimination process
can be made more efficient and more satisfactory.
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4 Analysis across the contexts of use
This section presents a first analysis of the anticipated impacts of the planned actions on the previously identified contexts-of-use. In Chapter 2, we already deduced
the dimensions of the impact on the workers and organisations that we want to use.
In the following subsections, we take a closer look at each context-of-use and the
intended impact (4.1) and draw an interim conclusion (4.2) with an aggregated view
on all contexts-of-use. The following impact analysis is a forecast of the envisioned
enhancements’ impact.

4.1 Impact analysis per context of use
In the following, we analyse every context-of-use along dimensions developed in
Chapter 2. We present them in the form of a spider web diagram to provide a visualisation of each context’s characteristics along these dimensions. To aid visualisation,
we used the following codes for each dimension10:
No or no distinct change: 1
Distinct change: 2
Major change: 3
Based on this scale, the figures in the following subsections represent the envisioned
changes relative to the current situation in the contexts-of-use.

10

A value below 1 would express a negative effect on the dimension. We do not expect such an
outcome. However, all evaluations will be non-biased in respect of this assumption. Lower values
could therefore potentially appear in the later project phases.
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4.1.1 EMO 1: Awareness for flexible production workers
Autonomy
3
Time efficiency

2

Variety

1
0
Quality

Competence

Protection

Relatedness

Figure 29: Dimensions of the impact on the “awareness for flexible production workers” context-of-use

In the first EMO context-of-use, the autonomy of the assembly workers will be improved, not because they gain new skills, but rather because they can plan their daily work in a more self-directed way. Basically, changing the current practice of
event-driven work planning (i.e. a worker detects a lacking part) to the tactical
planning of activities provides improved autonomy. A better supply of tailored information will enable new forms of decision making and thus increase the workers’
competencies in this respect. The envisioned solution will also support a better understanding of the individual process steps’ contribution to the greater whole. This
would be due to the planning of the activities then being directly derived from higher-level organisational goals instead of from events caused by failures or direct production orders without any visible semantic connection. We thus expect an increased relatedness between the activities. All these measures would contribute to
reducing individual workers’ levels of frustration and cognitive load. In this new
environment, the workers should be better protected from such strains. Efficiency
will be increased by bundling the multitude of scattered, event-driven task assignment into condensed and well planned activities.
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4.1.2 EMO 2: Machine maintenance skills of operators
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Figure 30: Dimensions of the impact on the “machine maintenance skills of operators” contextof-use

In this rather small context-of-use, only the variety of the work is expected to be
significantly increased from the workers’ perspective. This is due to the envisioned
situation in which the machine operators participate in smaller, proactive maintenance activities. From an organisational perspective, efficiency would increase due
to fewer machine downtimes. This is very common in SMEs, which are in the same
situation as EMO. Solving these problems is, consequently, a FACTS4WORKERS goal.
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4.1.3 HID: Problem solving support for production workers
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Figure 31: Dimensions of the impact on the “’problem solving support for production workers”
context-of-use

In this context-of-use, the key dimension to be improved is the assembly-line workers’ competence. The envisioned solution should empower them to solve more problems on their own and faster. This requires an extended autonomy from the currently fixed production procedures to a self-directed engagement in problem-solving
activities. Sharing the knowledge with other colleagues supports the sense of relatedness and helps spread the competencies as new problems arise and are solved
over time. The production lines’ efficiency should increase as downtimes and set-up
times are reduced.
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4.1.4 HIR: Augmented decision making for production workers
Autonomy
3
Time efficiency

2

Variety

1
0
Quality

Competence

Protection

Relatedness

Figure 32: Dimensions of the impact on the “augmented decision making for production workers” context-of-use

The aim in this context-of-use is to minimise the production time while retaining the
quality assessment of each part. However, today’s pass/fail quality assessment does
not offer the possibilities that modern data analytics do. The envisioned workplace
would therefore automatically record and store all the measured dimensions, which
will enable continuous monitoring of the parts’ quality and enable predictions regarding deviations. This will allow the operators to respond to problems faster and
before they manifest in faulty or rejected parts. This will also strongly influence the
workplace efficiency. In addition, the envisioned solution would help the workers
set up the machines for a new part or batch by supporting their decision-making
competencies, which will in turn result in an increase in efficiency when the set-up
time is significantly reduced.
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4.1.5 SCA 1: Quality control expertise for workers
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Figure 33: Dimensions of the impact on the “Quality control expertise for workers” context-ofuse

In this context-of-use, the employees’ autonomy increases directly and indirectly. On
the one hand, it increases the production staff’s capacity building, which extends
their scope for maneuver. On the other hand, the fewer interruptive support requests give QA employees the freedom to autonomously plan long-term activities,
such as the analysis of quality defects. Moreover, the capacity building also contributes to higher quality and efficiency. This case further shows how smart ICT can lead
to a greater wealth in the variety in employees’ daily work. Owing to the reduced
number of support requests, they can enlarge the scope of their practices with activities like preventive and strategic measures, which improve the production quality
even further.
On the whole, this context-of-use is a good example of the close relationship between the individual needs. Simultaneously, the above-mentioned increase in competence leads to the production staff being more autonomous and increases the employees’ active relatedness and knowledge sharing.
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4.1.6 SCA 2: Paperless information management for assembly workers
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Figure 34: Dimensions of the impact on the “Paperless information management for assembly
workers” context-of-use

The second SCA context-of-use is characterised by a distinct growth in competence
and relatedness. As the described problems show, the workers need a sociotechnical
solution to help them communicate more efficiently and reduce the huge number of
paper-based documents, but still provide them with the information they need. This
solution might specially focus on mutual awareness, which is illustrated in the shift
handover example. Improved awareness will not only enable closer collaboration,
but will also reduce redundant task operations. All this will reduce the workers’ perceived level of stress, will help them work more efficiently and contribute to a better
work quality. Since the assembly practices as such will not change significantly, we
anticipate the task variety to remain on more or less the same level.
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4.1.7 THO: Paperless information management for production workers
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Figure 35: Dimensions of the impact on the “paperless information management for production workers” context-of-use

The THO context-of-use has a clear focus on the employees concerning their competence and the relatedness of their activities as well as also driving the second line of
protection, variety and autonomy. The most desired impact is for the workers to
learn the needed knowledge during work and to use this competence autonomously
in their daily work tasks. Further, the management should accept the need for a related work style and will therefore want to offer their workers an infrastructure.
As THO is a classical family-owned, small-sized company, the owner also has his
organisation in mind with this use case, which should drive the quality and efficiency aspects further.
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4.1.8 TKSE: Problem-solving support for mobile maintenance workers
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Figure 36: Dimensions of the impact on the “problem-solving support for mobile maintenance
workers” context-of-use

The context-of-use has been set up with a clear mandate to improve the situation for
the workers by means of four dimensions that add great value for these workers. An
interesting aspect is that, after defining the use case with a clear focus on the workers, it has become clear that the organisation itself will also profit in terms of the
added value to the quality and efficiency dimensions.
In sum, this use case drives a high-level impact on nearly every dimension with a
focus on the workers having freedom of choice regarding what to do when, the possibility to drive their own decisions, their increased awareness of their colleagues
with whom they work and the machine for which they are responsible.
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4.2 Overall view
The chart below shows that the selected contexts-of-use cover all relevant aspects in
a balanced way. Nevertheless, as the companies and their goals differ, the envisaged
technical infrastructure has to support all of these scenarios in a similar and
balanced way, and should not focus too much on certain aspects.
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Figure 37: Overall view of the context-of-use analyses
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5 Summary and Outlook
Based on a brief introduction to the FACTS4WORKERS project’s context, we have
illustrated three entities in this document:
-

-

-

Our human-centric, iterative and agile methodical approach, which includes knowledge from Design Research and Scenario-based Development
and has been co-designed to accommodate all of the project stakeholders’
needs.
The practices of workers and the contexts of organisations at six industrial partners (IP), which we have structured in the form of eight contexts-ofuse.
An evaluation framework, which allows ― in terms of each of the previously identified contexts-of-use ― an understanding of the anticipated impacts
of the planned interventions on the individual (autonomy, variety, competence, relatedness, protection) and the organisational (quality, time efficiency) levels. This framework may also be used in later project phases for the
evaluation of the smart factory solutions.

This document is the first step towards achieving our project aim of developing and
demonstrating sociotechnical solutions that support smarter work, i.e. providing
employees with the information they need to perform their daily work at the right
time and in an appropriate manner in order to improve decision making, support
the search for problem solutions and ultimately strengthen employees’ position on
the factory floor.
In this document, we have also briefly outlined our next steps (see especially 2.1 and
2.4): Based on our roughly drafted description of the current situation at the companies, we are currently developing concrete requirements to address the identified
issues. We believe that we have sufficiently shown why these requirements cannot
be collected in a decoupled form (like a table), but should always be kept in the context-of-use. We are therefore collecting the specific requirements for each contextof-use in the form of activity scenarios, should-be processes, mock-ups and demonstrators. We will illustrate all this in the next deliverable (D 1.2).
During our current progress, constant feedback from the industrial partners, especially the workers, will be essential. Over the last months and during at least two
meetings at the partner sites, we have developed strong bonds with the scientific
and industrial partners. These bonds will form one of the core foundations of our
project’s future success. At the time of writing this outlook, we have already presented and discussed the first scenarios, the should-be processes and mock-ups.
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Simultaneously, we are collecting possible processual and IT constraints that we
have to consider when later piloting the sociotechnical solutions and are learning
how the companies want to further develop their production processes. Whereas we
are still in the middle of the project’s first year, the feedback we have received from
the industrial partners so far (during regular phone calls, as mark-ups and comments in documents as well as in face-to-face meetings at the industrial sites) shows
that we have not only built a solid trust basis, but have also found ways to communicate on a level the enables effective feedback and progress.
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6 Appendix
6.1 Informed Consent (in the languages of the
industrial partners: German, Slowenian,
Spanish)
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6.2 Interview guideline for the semi structured
interviews (in German language)
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About the project
Captured and structured practices of workers
and
contexts of organizations

This document represents Deliverable 1.1 (“Captured and structured practices of workers and
contexts of organisations”) of the H2020 project
“FACTS4WORKERS - Worker-Centric Workplaces
in Smart Factories” (FoF 2014/636778).
At the core of this deliverable, we initially explore
the practices of workers and the contexts of organisations at six industrial partners with more
than 100,000 employees in more than 50 countries. A deep understanding of workers’ individual
practices will help us deliver suggestions (in the
form of requirements) for sociotechnical solutions that support smarter work. We structure
the captured practices in the form of eight contexts-of- use, i.e. four industrial partners have
one context-of-use and two industrial partners
have two contexts-of-use.
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This document also provides a detailed illustration of our methodical approach in order to provide a high level of transparency to all readers.
Our general approach is human-centric, iterative
and agile by nature, and has been inspired by
well-known and widely accepted frameworks and
models from the Design Research and Scenariobased Development domains.
In addition, having presented the practices in
detail, we then present a first evaluation of the
anticipated impacts of the planned interventions
on the previously identified contexts-of-use. To
do so, we develop a framework with seven impact dimensions and take a closer look at each
context-of-use as well as the intended impacts on
individuals (autonomy, variety, competence, relatedness, protection) and organisations (quality,
time efficiency).

