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Preface

More than 100 years ago, Frederick Taylor moved forward applying scientific
methods to the engineering of processes. Analyzing and synthesizing workflows in
order to improve economic efficiency is a challenge we are facing again today when
digitizing production processes. However, this time labour force plays a dual role.
Besides being the affected, due to its knowledge and market pressure, it is required
for designing work, thus, redefining the role of management.

S-BPM has received attention for digitizing processes, while aiming to empower
stakeholders developing their organization. However, its application in managing
production processes still challenges management and operation. Several case
studies, presented in this volume, helped exploring the potential and experiencing
the limits of engineering a company from a communication-centred perspective.
It is not only about demonstrating capabilities and implementation, but also letting
people design their workplace while running the business operation.

In this volume, we have structured the latest findings in Industry 4.0 projects
utilizing S-BPM features. Developers, educators, and practitioners will find some
conceptual background and results from the field indicating the state of the art in
vertical and horizontal process integration.

The chapters have been carefully selected and thoroughly peer-reviewed by at
least two experts in the field. In order to get such job done, many people have been
actively involved, in particular,

• The authors of the various contributions documenting their findings for sharing
experiences,

• The project team supporting the developments and reviews, and
• The European Commission funding this SO-PC-Pro1 outreach activity

Finally, we cordially thank Ralf Gerstner and Eleonore Samklu from Springer
for their continuous support and assistance when publishing this volume.

Linz, Austria Matthias Neubauer
Christian Stary

1SO-PC-Pro is a European FP 7 project on subject orientation for people-centred production
supported under grant agreement no. 609 190 (Theme FoF.NMP-2013-3 Workplaces of the future:
the new people-centred production site “Factories of the Future”)—see also www.so-pc-pro.eu.
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1Introduction

Matthias Neubauer and Christian Stary

Abstract
This chapter frames the developments described in this book and gives an
overview of its structure. The background is provided with respect to the
difficulties of introducing innovation on technical and organization level in
well-established fields such as production industry. The nature of disruptiveness
is explained in light of the applied subject-oriented modelling and execution
approach. Thereby, disruptiveness motivates the process that guided the
developments, both on the conceptual layer, and in practice, aiming to establish
stakeholders as informed work place and process designers.

New digital technologies start changing production processes substantially.
Self-controlled vehicles, additive manufacturing, and semantic technologies open up
opportunities in business operation, which industry has never experienced so far.
Although in the industrialized countries labour force has increased due to such pos-
sibilities so far, this time the role of all stakeholders needs to be revisited due to the
disruptive nature of technologies and their exponential rate penetrating the market.

In “The Innovator’s Dilemma” Christensen (1997) has analyzed how companies
can be blindsided by high-end products from competing organizations. In “The
Innovator’s Solution” Christensen et al. (2003a) reveal how organizations can
create disruptions themselves rather than being blindsided by them. “Disruptive
innovations do not attempt to bring better products to established customers in

M. Neubauer (&) � C. Stary
Department of Business Information Systems – Communications Engineering,
Johannes Kepler University Linz, Linz, Austria
e-mail: matthias.neubauer@jku.at

© The Author(s) 2017
M. Neubauer and C. Stary (eds.), S-BPM in the Production Industry,
DOI 10.1007/978-3-319-48466-2_1
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existing markets. Instead, they introduce products and services that are not as good
as existing products, but which are simpler, more convenient, and less expensive
than existing items” (Christensen et al. 2003b). These findings match digitization
today, since utilizing innovative digital technologies and their capabilities requires
an adjusted sequence of changes in customer, product and organizational
management.

Starting with either low- or high-end disruption, processes and all related (re-)
engineering tasks will be affected. Managing them has become crucial for operating
a production business: “Processes are defined or evolve to address specific tasks,
and the efficiency of a given process is determined by how well these tasks are
performed. Processes that define capabilities in executing certain tasks concurrently
define disabilities in executing others. Consistency is key—processes are not as
flexible as resources, and must be applied in a consistent manner, time after time”
(Christensen et al. 2003b, p. 7). In that way, a learning organization is defined, as
business- and the knowledge-processing environment affected through these itera-
tive changes (cf. Firestone and McElroy 2003).

Due to technology capabilities, in particular the automated execution of business
process models, changes can be propagated directly to operation, while humans
take responsibility for organizing their own work tasks in the respective organi-
zational context. First estimates on the effects of automation in Switzerland reveal
that nearly 50 % of employees could be replaced by automation in the next few
years or decades (Jensen and Koch 2016). With the increase in total number of jobs
created in the past 25 years, automation is expected to open opportunities across all
skill levels, in particular with respect to creativity, social interaction, and quality
customer service. However, adaptation of business processes at an early stage
seems to be the key (ibid.).

As customers, network partners, management and workers are involved, pro-
cesses concern all stakeholders. Given the potential of subject-oriented business
process management (S-BPM) (Fleischmann et al. 2012, 2015) it involves them not
only according to their mutually interacting functional roles or in terms of net-
worked organizational units, but also as designers, and more particularly, engineers.
The engineering part is required since ad hoc dynamics of change are becoming
common due to concepts like demand-driven excellence (Aronow et al. 2016). Such
concepts shift organizational change management to the level of business operation.
Hence, management and workers need to have proper skills, techniques, and tools
to adjust or adapt business processes on the fly.

How should stakeholders develop these multifaceted skills? In a recent study
Pfeiffer (2016) demonstrated how the vocational system contributes to specific
economic strengths like innovativeness and exporting capability that are not only
relevant for production and manufacturing sectors but are also an essential asset for
the transformation towards Industry 4.0. Hereby, the key asset is e-skills as they
refer to a fundamental understanding of IT regardless of the domain (Bliem et al.

2 M. Neubauer and C. Stary



2014). Hence, the qualification profile in 2025 is expected to be a mix of domain
and cross-domain competencies (Pfeiffer and Suphan 2015; Pfeifer et al. 2016):

• Domain competencies:

– Cyber-physical systems/Internet of Things
– Additive manufacturing
– Robotics
– Web 2.0
– Wearables

• Cross-domain competencies:

– Data security/privacy
– Big Data handling
– Interdisciplinary collaboration
– Innovation design

The latter, interdisciplinary collaboration, and innovation design, are considered
methodological skills, challenging the means of communication and documenta-
tion. With respect to process design and engineering activities, both the notation
and modelling process, including stakeholder validation, need to be supported in a
human-centred way. Otherwise, stakeholder participation is likely to lead to
re-specifying existing patterns and behaviour rather than letting novel designs to
emerge (cf. Allmer et al. 2015). The chapters of this volume set the stage for
stakeholder-centred work redesign and process engineering, providing relevant
background in current Industry 4.0 and S-BPM, before reporting on various find-
ings from case studies performed in the field of production. The case studies reveal
various opportunities on how to trigger and perform people-centred production
projects aiming to digitize processes.

In Chap. 2, industrial challenges driven by the German “Industry 4.0” are
condensed, in order to document a concrete vision for future production industries.
The vision becomes manifest in terms of understanding production companies as
socio-technical systems. When redesigning production processes, humans and
organizational structures are of equal importance to technology. The digital pro-
duction of the future requires humans as drivers and carriers of further automation
steps. Concepts, such as digital readiness and digital literacy of involved stake-
holders, need to be practically implemented, in order to create value from Industry
4.0 developments. On the process level, restructuring production processes in terms
of vertical and horizontal adjustment needs be tackled.

In Chap. 3, we introduce the basic concepts of S-BPM and its capabilities, in
particular for supporting the restructuring of processes mentioned above. One of its
particularities is the claim to be usable by non-BPM experts in a straightforward
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way when representing process knowledge. Thereby, a stakeholder perspective
encapsulating specific behaviour, e.g. evaluating a customer change request, is
followed. Besides technical task accomplishment, all interactions with other
stakeholders are considered with equal importance in the course of modelling. For
digitizing production processes, stakeholder behaviour can be instantiated by
technological systems. Each representation can be executed in its networked
environment, thus allowing stakeholders to experience process designs immediately
after validating models. This capability is useful to integrate processes on different
automation levels, including planning, monitoring and real-time execution
(changing processes on the fly).

In Chap. 4, we report about the case implemented at an SME offering the
production of atypical, unique and special-purpose machinery, equipment and
technologically complex units useful particularly in the automotive and electronic
industries. The proposed subject-oriented solution targets to increase the worker’s
autonomy, the worker’s involvement and information transparency as well as
integration across organizational control layers. In this respect, subject orientation is
applied to integrate real-time information from the shop floor (e.g. location infor-
mation of parts, power consumption of machines) and business processes (e.g.
customer order). Within the design and implementation, a novel S-BPM modelling
approach has been developed that seeks to model subjects rather as fine-grained
behaviours of actors than roles. The revealed behaviours may be assigned to actors
(i.e. humans, machines) depending on their capabilities and skills. This allows for
dynamic allocation of tasks to humans and machines and process execution support
based on skill levels, revealing performed behaviours of actors and (de-)con-
structing organizational behaviours.

In Chap. 5, we report on a worldwide operating SME producing floor cleaning
machines. The SME distinguishes itself from its competitors by providing highly
customizable high-quality products. Employees are considered one of the “most
valuable resources” of the management. However, the initial situation reveals
significant improvement opportunities related to the employee involvement and
empowerment concerning workplace redesign.

The proposed subject-oriented solution aims to involve shop floor workers in
workplace (re)design by providing them structural empowerment means such as
social media for suggestion proposals, discussions, and negotiations. Furthermore,
the solutions are designed to allow for context-sensitive reporting of suggestions
and errors. In addition, this context-sensitive elicitation provides the basis for
analyzing the impacts of changes (e.g. the affected location, worker) and visualizing
potential improvement areas within the shop floor. The subject-oriented solution
represents a generic suggestions and error-handling process that can be tailored to
different organizations. Furthermore, the S-BPM process has been integrated with a

4 M. Neubauer and C. Stary
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semantic wiki allowing for context-sensitive workplace improvement elicitation
and change propagation analysis.

In Chap. 6, we address the well-being of workers in the factory of the future
from a situation-awareness perspective. Recognizing latest developments in the area
of wearable sensors well-being data can be captured by sensors in manufacturing
settings. These data can be used to adapt production systems behaviour. Existing
findings from adaptive systems design allow identifying triggers for adaptations and
dimensions for intervention. The latter enrich the design space of S-BPM based
process settings. In a laboratory setting, a respective system architecture and
S-BPM process design have been developed and evaluated in stressful situations.

The final chapters wrap up the achievements and experiences in terms of
learnings and envisioned actions in the future. It draws a realistic picture from the
existing findings to future activities to be set when aiming to establish
stakeholder-centred digital production systems.

In line with Adam Smith who was looking for a balance of opposing forces
(Smith 2009), we need to look for balancing capabilities of digital process tech-
niques and technologies with human needs when engineering organizations.
Striving for a balance means to look beyond “training the troops” (formulated by
Christensen et al. (2003a, b) as part of the innovator’s solution), since such an
approach might not lead to people-centred digital production processes. The fol-
lowing contributions are intended not only to provide a realistic picture from actual
settings in organizations, but also to open up space for promoting discussions on
how to actively engage stakeholders when developing digital production processes
with skills beyond engineering, namely socio-technical design skills.
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2Industrial Challenges

Christian Stary and Matthias Neubauer

Abstract
Recently, the German “Industry 4.0” initiative gained momentum, and sketches
a vision for future production industries. This chapter reviews industrial
challenges in the area of “Industry 4.0”. The findings are structured along the
fundamental understanding of production companies as socio-technical systems.
Socio-technical systems consist of three important aspects—(i) human, (ii) or-
ganizational structures and technology—and, most importantly their mutual
relations, and thus, the interdependencies of these aspects. The review reveals
that humans need to remain a vital element of future production and need to
drive organizational development efforts and continuous workplace improve-
ment. Organizational structures are challenged by changing business models of
production companies. Enabling organizational change requires an open
organizational culture (e.g., in terms of digital readiness), learning support and
digital literacy of all involved stakeholders. In order to create value from
Industry 4.0 developments, still technical challenges, in particular vertical and
horizontal process integration need be resolved.

2.1 Introduction

Today’s industry needs to survive in a volatile environment. Changing customer
demands, high degree of product individualization, increasing digitalization and
system integration, effective and efficient manufacturing operations to meet high
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quality at low cost, well-being of employees, etc., are just some factors that chal-
lenge daily work in industry. In general, an industry refers to the production of
certain goods or services within an economy (e.g., automotive industry in Ger-
many). Different Industry classification systems like the ISIC (2008), NAICS
(2012) or NACE exist that organize companies with respect to production processes
or similar products. (cf. https://en.wikipedia.org/wiki/Industry_classification).
According to the NAICS (2012) Manufacturing “comprises establishments pri-
marily engaged in the chemical, mechanical or physical transformation of mate-
rials or substances into new products. These products may be finished, in the sense
that they are ready to be used or consumed, or semi-finished, in the sense of
becoming a raw material for an establishment to use in further manufacturing.
Related activities, such as the assembly of the component parts of manufactured
goods; the blending of materials; and the finishing of manufactured products by
dyeing, heat-treating, plating and similar operations are also treated as manu-
facturing activities. Manufacturing establishments are known by a variety of trade
designations, such as plants, factories or mills”. Compared to the definition of
manufacturing, the understanding of “Production” is more generic in terms of any
conversion from input to output. This also includes intangible products like the
delivery of services in areas as government and health care or even knowledge
production.

In this book, production companies are understood as complex, socio-technical
systems of people, processes and machines that flexibly interact within a certain
context when generating goods. A “workplace” is defined as a physically or con-
ceptually distinguishable set of interactions between people, machines and pro-
cesses within their contexts. For example, workplaces may include the interactions
of individual workers in their immediate physical surroundings, and the interactions
of teams of workers that are distributed across different departments. Taking a
socio-technical systems point of view includes the consideration of three different
perspectives—human, organization and technology—as well as their interdepen-
dencies (cf. Botthof and Hartmann 2015—Industry 4.0 as socio-technical system).
In the subsequent section, industrial challenges for each of the given perspectives
are identified. They form the basis for describing the S-BPM potential to support
Industry 4.0 designs and implementation in Chap. 3.

2.2 The Vital Role of Humans in Production Industries

With the advent of initiatives like Industry 4.0, industrial internet, internet of things,
cyber-physical systems or smart factories a vision of a tightly connected real and
digital world has been evangelized in order to open new avenues for production and
workplace design. In addition to the development of technological enablers, the
vital role of the human beings for factories of the future has been emphasized by
research and industry (cf. EFFRA 2013). Humans remain an integral and essential
part of future production, since humans are of utmost importance for the overall
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production system flexibility and intelligence (Kärcher 2015, p. 49). However, the
range of activity will change for people in future production situations.
Human-centred workplace design has been an important aspect since the beginning
of the “Industry 4.0” project development. Fundamental design issues refer to the
elements of socio-technical systems and comprise aspects such as:

• Central or decentral decision-making; process and information transparency
across organizational layers [Organization]

• The role of humans and technology—does technology serve humans as support
means? Or do humans merely represent machine operators? [Human]

• Technology design—will technology substitute or support human work?
[Technology]

(cf. Kärcher 2015, p. 50).

Lüdtke (2015, p. 125) highlights the explicit and systematic recognition of humans
when designing and implementing automation support. He stresses that automation
may not be successful in cases where humans are neglected and argues for a flexible
assignment of tasks either to machines or humans. In his vision, the optimal task
sharing should not be determined a priori. Instead, at each point in time task sharing
shall be evaluated based on distribution strategies and situated requirements. Thereby,
Lüdtke (2015) takes a “Human-Machine Team” (HMT) perspective leading to a
collaborative task solving attempt between humans and machines. Taking such a
perspective requires shifting focus to a team perspective rather than to the mere
automation perspective. Thus, aspects such as communication among team members
(H2H, H2 M, M2H, M2 M), knowledge about abilities, skills, activities, roles and
plans of team members are vital for situation awareness and alignment between the
team members.

Lüdtke (2015) proposes a procedural model for developing human-machine
teams. This model structures development activities along four human-machine
team dimensions:

• Composition
describes the purpose of a HMT, the typical number and types of involved actors
as well as the number and types of required resources.

• Cooperation
describes who works with whom on a certain task and who might substitute the
required behaviour; also defines handover behaviour between machines and
humans vice versa.

• Interaction
defines the communication and modality among actors.

• Interface
defines the dedicated user interface for humans.

2 Industrial Challenges 9



For each dimension Lüdtke (2015) suggests to follow the traditional develop-
ment phases (1) requirements definition, (2) specification, (3) implementation and
(4) evaluation. However, he stresses the importance of people involvement by
participatory design techniques to meet human expectations and requirements.
Furthermore, Lüdtke (2015) recommends a model-based approach to support these
phases. Thereby, he proposes to apply different kinds of models which cover tasks,
the work domain, humans, machines and user interfaces.

The Involvement of people in the development of human–system interac-
tions represents an important aspect for any development attempt. System design
always serves a certain purpose, aims to reach certain objectives and addresses
actual user groups. Research and developments in the field of human computer
interaction (HCI) promote human-centric design processes to meet user’s expec-
tations and requirements. Standards such as ISO 9241-210:2010 promote approa-
ches and guidelines to integrate users in the design and evaluation of IT solutions in
order to improve adequate system design and adaptation. ISO 9241-210:2010
Ergonomics of human–system interaction—Part 210: Human-centred design for
interactive systems promotes the following key principles:

• The design is based upon an explicit understanding of users, tasks and
environments

• Users are involved throughout design and development
• The design is driven and refined by user-centred evaluation
• The process is iterative
• The design addresses the whole user experience
• The design team includes multidisciplinary skills and perspectives

Besides the explicit recognition of humans in design specifications and their
active involvement in development initiatives, humans themselves represent an
essential enabler for organizational improvement. Employees are considered to
be domain experts in their field of activity within a company. As such, employees
pose a valuable source for improvement ideas (Setiawan et al. 2011; Fairbank and
Williams 2001). Nevertheless, employees are often not involved in the innovation
process (Setiawan et al. 2011; Fairbank and Williams 2001). The idea of employee
participation in innovation processes is well-proven. Since the late eighteenth
century employee suggestion systems (ESS) provide means for employee engage-
ment and have been used to collect suggestions and ideas for improvements
(Fairbank and Williams 2001). Integrating employees in the innovation process has
the potential to lead to important improvements and financial benefits (Fairbank and
Williams 2001). However, empowering employees to take part in innovation and
improvement processes requires organizational structures facilitating employee
involvement as well as adequate tools supporting employee commitment (Fairbank
and Williams 2001). Considering the design of organizational structures enabling
employee involvement, requirements and principles have already been defined (cf.
Lawler 1986). Taking into account such design principles for organizational
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structures, the provision of adequate tool support to facilitate employee empow-
erment is still challenging organizational development.

Basically, two complementary views on empowerment at work and employee
involvement have emerged in literature: a sociostructural and psychological per-
spective (Liden et al. 2000; Spreitzer 2007). The sociostructural perspective
focuses on “conditions that enable empowerment in the workplace”, whereas the
psychological perspective focuses “on the psychological experience of empower-
ment at work” (Spreitzer 2007, p. 54). In general, sociostructural empowerment can
be subsumed as the sharing of decision-making power between superiors and
subordinates (Liden et al. 2000; Spreitzer 2007).

Parallel aspects of structural empowerment can be found in high-involvement
management (cf. Spreitzer 2007; Konrad 2006; Lawler 1986). High-involvement
management as well as structural empowerment focus on the sharing of
decision-making power within different levels in the organizational hierarchy.
Lawler (1986) identified that by providing power, information, knowledge and
rewards the building of a high-involvement work system is enabled. These enablers
are in line with Spreitzers’ understanding of facilitators for structural empowerment
(cf. Spreitzer 2007).

Providing power refers to sharing decision-making power between superiors and
subordinates (Konrad 2006; Lawler 1986; Spreitzer 2007). Sharing
decision-making power is not exclusively limited to granting final authority and
accountability for decisions but already starts at giving employees the possibility to
provide input and contribute to decision-making processes (Konrad 2006; Lawler
1986).

As Spreitzer (2007, p. 55) states: “relevance is key”, the focus lies on enabling
employees to make and influence decisions concerning their day-to-day work.
Transferred to the context of workplace improvement, the goal is to enable
employees to take part in improving processes, tools and artefacts and interactions
in which they are involved in their everyday work (Lawler 2008).

Sharing decision-making power is necessary but not sufficient to facilitate
employee involvement (Lawler 2008; Macduffie 1995). In order to contribute to
improvement and innovation processes, employees need to know how their actions
influence their environment and affect the organization’s performance (Gibson et al.
2007; Konrad 2006; Spreitzer 2007). This can be done by explicitly providing
information on performance indicators (e.g., output/throughput, revenues, costs)
relevant for the particular work process (Konrad 2006). This information allows
employees to reveal how their actions or planned changes in their workplace affect
the organization. Furthermore, the provision of additional information supports
employees when making decisions and suggestions (Spreitzer 2007).

Knowledge, in terms of an employee’s skills and abilities, is essential when it
comes to making right decisions and taking action (Lawler 2008; Konrad 2006).
This includes not only knowledge about a certain work task but also interdepen-
dences and economical aspects within the organization (Lawler 2008).
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Additionally, financial rewards are seen as a compensation for additional
involvement beside the day-to-day work (Spreitzer 2007) and, furthermore, are seen
as a method to ensure that employees use the given power and information for the
organization’s advantage (Konrad 2006).

Taking into account the importance of humans within socio-technical develop-
ment as well as their empowerment in organizations, a context sensitive under-
standing of workplaces is essential. There has been considerable research in the
notion of context in business processes and context awareness of business process
management systems (Rosemann et al. 2008; Saidani and Nurcan 2007; Wieland
et al. 2007). Context can be generally defined as “any information that can be used
to characterize the situation of an entity. An entity is a person, place or object that is
considered relevant to the interaction between a user and an application, including
the user and applications themselves” (Dey 2001). Context in the domain of
business processes has been more narrowly defined as “the minimum set of vari-
ables containing all relevant information that impact the design and execution of a
business process” (Rosemann et al. 2008). In accordance with this definition, most
work on developing context-aware systems in business process management
focuses on the adaptation of processes to changes in the context (Rosemann et al.
2008; Saidani and Nurcan 2007). This aims at increasing the effectiveness and
efficiency of processes, by reducing the gap between desired process behaviour and
the workers’ interactions afforded by specific contextual conditions.

Including the views of human workers in context-aware systems requires a
dynamic, people-centred notion of context. Based on Dourish (2004), Kan-
nengiesser et al. (2014) define interactional context as “a process that generates
subjective views of a workplace. The workplace is the environment a process
participant interacts with; it can include the technophysical environment (tools,
business objects, physical layout, etc.) and the sociocultural environment (values,
norms, organizational structures, etc.)”. The subjective perspective of interactional
context provides a suitable basis for developing context-aware process applications
that are adaptive to the individual psychological and physiological needs of human
actors. For context-aware processes to be labelled people-centred, it is not so much
the specific information dimensions (e.g., technophysical, sociocultural etc.) of
context that matter but the way in which context information is captured and used
for the benefit of workers.

In this book people-centred context awareness is understood as the ability to
adapt workplaces to the workers’ needs so that the changes are perceived as ben-
eficial by the workers. Thereby two important aspects are differentiated:

• Capturing context

– Direct sensing by workers
– Indirect sensing via facilitators (Observer, Contextual Inquiry, Contextual

Design)
– Physiological Sensor systems
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• Adapting Processes to context:

– Process instances
– Process models

Summarizing, requires a novel, integrative perspective on system design.
Although the fundamental understanding of can be applied, the constituents,
relations and contextual factors of these systems need to be revisited. In particular,
the roles need to be redefined in terms of active actors operating on concrete work
tasks as well while at the same time rethink the structure and arrangement of these
work tasks. Dynamic development of processes seems to be crucial for meeting the
demands of today’s production companies. Since management can only represent
regulative power in terms of standards and legal frameworks, workers need to be
empowered to develop design force. Adapting and designing production and
business processes across organizational layers requires interactive tool support. It
needs aligning previously isolated areas to enable novel concepts such as serviti-
zation delivering value to customers.

2.3 Organizational Challenges of Future
Production—“Servitization”

Digitization is driving many organizations, both in service and manufacturing
industry. The impact of digital technologies on services and products are so severe
that organizations in all sectors have started revisiting their business models and
production processes. In manufacturing industries, traditionally developing and
producing tangible goods, providing customers with services such as maintenance
and repair, have not played a significant role in business strategies. When taking
them into account these services as part of value-driven operation, “servitization”
conceptualizes the idea of manufacturers becoming service providers (Lay et al.
2014). Thereby, the role of IT as an enabler for digitization has to be recognized
(Abolhassan 2016). Since the integrated digitization of manufacturing and service
industries is likely to have similarly far-reaching impact as the industrial revolution
in the nineteenth century, a crucial question for manufacturing companies is not
only how products are going to change in a digital world, but also what challenges
arise from those developments for organizing work and production processes
(Baines et al. 2013).

Products in a digital world are likely to become hybrid as physical goods
increasingly integrate digital elements. Entire sectors, such as automotive heavily
rely on digital components embedded in physical products. The benefit of such a
shift are intelligent functions for customers affecting essential areas of human liv-
ing, such as in case of healthcare through networked medical devices. Digital
systems facilitate the development of hybrid products, so-called “digicals”. Their
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effective use depends on high connectivity and real-time data processing capabil-
ities enabling situation awareness.

Although digital information systems have formed the backbone of business
operations now over several decades, many manufacturing and production orga-
nizations are still reluctant to digital integration tasks (see also two of the case
studies in this volume—Chaps. 4 and 6). However, such an endeavour requires
rethinking their organizational structure and processes (cf. Rigby 2014). While
customers increasingly become digitally literate, organizations still are trying to
cope with transformation tasks due to the socio-technical nature of that process and
its adjacent challenges (cf. Rigby et al. 2015).

2.3.1 Changing the Business Model

For organizations a chance to compete in the realm of increasing digitization is
cooperation with customers and companies outside the sector, and competition, as it
brings about opportunities for them to design a digital business model in the realm
of innovating it (cf. Roos 2015). Business indicators reveal growing technology
sectors, see, e.g. TechCity et al. (2016) for the UK. Stakeholders are interacting
with multi-sided platforms going beyond B2B and B2C, and proliferated rapidly
with the Internet. They lead to the development of new business models to monetize
innovative value propositions in digital markets. Internet intermediaries are con-
sidered as resource integrators, involving consumers and business partners in a
process of co-creation of value, thus establishing an integrated, two-sided business
model (Muzellec et al. 2015). Business models of respective Internet ventures
reveal a clear pattern of evolution from inception to an integrated combination,
B2B&C and B2C&B. This development can be accounted to a shift in the relative
influence of different business stakeholders (ibid.).

The emerging concept of servitization has been recognized as trigger for changing
business models of production companies. However, the expected benefits from
servitization have not been measured so far on the business model level. As Cai et al.
(2014) point out when analysing empirical evidence, manufacturing companies still
encounter challenges when implementing servitization concepts. They could identify
risks for each element of the business mode, in particular service strategy, -offering,
-process and a variety of environmental factors. Today’s managers still need guid-
ance for service business development, in order to handle the process of introducing
servitization and to develop respective organizational capabilities (cf. Paiola et al.
2012). For instance, organizations selling through distributors (indirectly) to cus-
tomers, with functional structuring, are likely to achieve servitization “through four
distinct phases: (1) rearranging collaboration with distributors, (2) enlarging the
service competence of distributors, (3) modifying potential distributors into sub-
sidiaries and (4) job enlargements in subsidiaries” (ibid.).

Recently, Tsou et al. (2015) could show that openness of organizations accel-
erates changes of business models. It concerns (i) the technological context
(openness of technology) when adopting systems, (ii) the organizational context
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(i.e., openness of corporate culture) triggering innovation, and (iii) the environ-
mental context (i.e., openness to the external environment) when opening bound-
aries to the external environment. In particular, openness to service co-production
fosters organizational performance. In addition, knowledge reach/richness, and also
process reach/richness plays a crucial role (see Fig. 2.1). Greater process
reach/richness significantly increases the effects of service co-production on orga-
nizational performance. Process reach/richness is an explanatory variable that
accounts for important differences in organizational performance. The latter clearly
indicate that the process design is crucial for implementing servitization in manu-
facturing industries Fig. 2.2.

Fig. 2.1 Service co-production increasing organizational performance (adapted from Tsou et al.
2015, © Elsevier Ltd. All rights reserved)

Fig. 2.2 Learning orientation (adapted from Calantone et al. 2002, © 2002 Elsevier Science Inc.
All rights reserved)
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The study has revealed several practical implications for managing business
models:

• Top management needs to actively transform an organization’s business models
to an open model, in order to stimulate its ability to manage collaboration.

• Managers should remain highly sensitive to competition and the
macro-environment while encouraging service co-production with partners.

• “With regard to IT service co-production project managers need to ensure that
(1) project objectives are clearly defined in terms of openness aspects from both
the market (i.e., external environment) and the organization’s (corporate culture)
perspectives, (2) the involvement and support of top management (i.e., the chief
executive officer) are secured, (3) standard project management processes are
used to mitigate the failure of service co-production practices, and (4) sufficient
technological resources and capacity (i.e., digital resources) are dedicated to
completing the service co-production project in the time allotted. This sequence of
resource picking and capability building may serve as an effective roadmap for IT
firms that are contemplating service co-production implementation” (ibid., p. 11).

• Digital process management for service operation is crucial, in particular when
managing the increased amount and flow of knowledge related to customers.
Moreover, “customers demand more information and knowledge about organi-
zations with which they co-produce products or services”. Digital process man-
agement is thus necessary to ensure that this need can be fulfilled (ibid., p. 12).

• Open collaboration channels are required for value networks supporting digital
innovation. They are essential membranes for knowledge diffusion to partners
and customers and vice versa.

As Raja et al. (2015) have found, value from servitized offerings will be derived
differently by buyers and users. Buyers tend to value cost savings and innovation as
key attributes, whilst users tend to value control over working processes. Hence,
manufacturing management has to tackle attributes according to stakeholder roles,
focusing internally on control issues organizing work processes.

2.3.2 Focusing on People and Learning

Continuous growth of digital tech work force has been identified in traditional
industries. For instance, for UK TechCity et al. (2016) found that, of the 1.56
million jobs in the so-called digital tech economy, 41 %—representing 648,000
digital jobs—are in traditional industries. Between 2012 and 2015, the number of
adverts for digital jobs across traditional industries grew 34 %. The skills it needs
are not coming from traditional education, even when recognizing that educational
triggers are required. It will take another generation of scholars to regain these
skills. For instance, the recent “Computer Science for All” initiative in the US,
enacted by the Every Student Succeeds Act (ESSA) into law, is a fundamental step
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forward for K-12 education, as computer science needs to be considered a new
basic skill required for economic opportunity and social mobility.

In addition, there is the need to link technical skills with business skills. In
particular, for product and service innovation, up-to-date technical skills need to be
complemented with business know-how (TechCity et al. 2016). Technical skill
development to that respect may require dedicated learning formats (cf. Willett
2007), as industrial product-service systems for lasting customer retention require
new development methods). Herzog et al. (2013) identified cross-domain thinking
to be essential for the developer’s mind setting. Thereby, gamification can help
engineers not to think in separate service and product domains.

Calantone et al. (2002) findings revealed, based on in-depth interviews with
senior executives and a review of the literature, four components relevant for
learning orientation: commitment to learning, shared vision, open-mindedness and
intra-organizational knowledge sharing. Learning orientation affects the innova-
tiveness of organizations, which in turn affects their performance.

Picot et al. (2013) have detailed skills required for organizing work in digitized
societies. According to their findings the potential of digitization can only be
leveraged when content, process, organization of work and collaboration are con-
sidered as design entities. Such an understanding goes beyond the provision of
digital systems for organizations and their stakeholders. It requires rethinking
processes and the technological infrastructure. They lay ground for increasing
flexibility in work design, with respect to locality, time, connectivity and distri-
bution of knowledge. The authors identified a set of competences that need to
become part of qualification schemes:

• Networking skills to form communities and units in a more self-organized way
• Leadership based on social skills, such as conflict resolution in real time
• Comprehensive digital literacy, even leading to first time users
• Dynamic adaptation of regulations including business rules and

decision-making procedures, in order to meet requirements from an organiza-
tional perspective, such as letting robots control production lines, and letting
customers change orders up to production time

• Value responsiveness revisiting work-life balance

Finally, the involvement of employees in digital workflows leads to a higher
visibility of the work activities. A flood of employee-related data needs to be
screened with respect to preserving workforce protection. Transmitting workforce
data requires approval when measuring performance or dispatching resources in
real time. A gain in flexibility can be accompanied with the trade-off of self-control
for workers.
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2.3.3 Digital Service Provision

Traditionally, manufacturers use services to differentiate their products and trigger
sales. Although they have different service strategies, three categories of service
offerings were identified by Raddats et al. (2014): product-attached services,
operations services on own products, and vendor independent operations services.
Consequently, manufacturers follow different service strategies. The service offer-
ings refer either to customers, products or services themselves, and can be differ-
entiated further (ibid.):

• Services supporting the supplier’s product versus services supporting the cus-
tomer’s processes

• Transactional services versus relational services
• Individual services versus bundled and/or integrated services
• Standardized offerings versus customized offerings
• Input-based services versus output-based services
• Product-attached services versus product-independent services
• Services on own products versus services on multivendor products

The relationships between categories of services are additionally depicted in
Fig. 2.3.

Of particular interest for process design are all links to operational issues on the
organization’s value creation activities. “Despite the high level of interest in how
organizational structures facilitate service orientation in capital goods manufac-
turing companies, researchers have neglected this field” (Gebauer et al. 2009). They
have explored distinct categories of organizational approaches contributing to
service orientation:

• Product-strategic business unit
• Product-service strategic business unit
• Service-product strategic business unit
• Service strategic business unit and product strategic business unit

Although each organizational approach reflects a unique degree of service ori-
entation and thus, leads to different levels of performance outcome, it can be noted
that of main interest has been the static anchoring of service orientation rather than
the dynamics of business operation in relation to organizational structuring.

Organizational considerations so far seem to focus on either the integration or
the separation of product and service business. However, manufacturing is shifted
increasingly towards distribution and cloud-based services. Hence, not only core
processes of production, but rather business model and architectures need to be
revisited and restructured, emphasizing service orientation, high degree of collab-
oration, knowledge management, eco-efficiency. Current manufacturing involves
all activities ranging from product design, production, fabrication, testing, main-
tenance and all other stages of a product life cycle (Li et al. 2010, 2011).
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While not evident from its beginning collaboration and service orientation are
playing fundamental roles in becoming agile and stay in business (Tsou et al. 2015).
From empirical evidence it can be concluded that is positively linked with
increasing service networking activities of manufacturing companies (Bikfalvi et al.
2013), however, depending on the servitization strategy of an organization (see
above). Consequently, interaction between organizations or business unit plays a
crucial role in digital production. Manufacturers establish inter-firm collaboration
for service operations. However, the results indicate that the mere existence of
service networks does not guarantee success in servitizing (Bikfalvi et al. 2013)
“Despite the existence of a parsimonious set of standardization efforts addressing
product-related services, manufacturing firms have not reached a common under-
standing of the product-service system and the corresponding business processes
and IT systems” (Neff et al. 2013, p. 1).

Servitization needs to rely on an intelligent and collaborative manufacturing
service model. Distributed resources, such machines, computer-aided design and
engineering tools, models repositories, and capabilities for design, fabrication,
assembling, simulation, and testing need to be interconnected through process
specifications and workflows for operation support (cf. Alexopoulos et al. 2011).
They form a shared pool in servitized manufacturing, establishing a platform which
can itself be considered as a service. Stakeholders (including customers) need
access to services which are part cloud settings, in particular, encapsulating.

• Design as a service (Wu et al. 2012)
• Social networking as a service (Wu et al. 2013)
• Simulation as a service (Ren et al. 2011)
• Production, test and assembling as a service (Cohen et al. 2015)
• Logistics as a service (Holmborm et al. 2014)

Fig. 2.3 Framework of
service categories (adapted
from Raddats et al. 2014,
© Taylor & Francis Group)
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Due to actor- or organization-specific requirements service manufacturing plat-
forms need to provide intelligent service composition facilities. They allow cus-
tomized settings including collaboration support. Finally, a service manufacturing
platform should encapsulate not only a variety of physical resources but also
knowledge categories in terms of operationalizing aggregated information, such as
broker services or intelligent information agents (cf. Wu et al. 2013). Business
processes could build the relevant boundary for building such platforms, as they
provide operational procedures which can be embodied into various contexts rel-
evant for an organization, including manufacturing and business model
development.

2.4 Technological Challenges of Future Production
Systems

With the advent of the Internet of Things (IoT) and its application in the industry
sector (cf. Kagermann et al. 2012), not only the communication among technical
IoT devices (e.g., sensors, actuators) and humans became vital to reach organiza-
tional goals but also the integration of different organizational levels (i.e., vertical
integration of business processes with production planning systems and production
control systems) has become an important aspect (cf. Meyer et al. 2013; Schüller
and Elger 2013; Bassi et al. 2013; Kagermann et al. 2012). The vertical integration
of business processes and technical manufacturing processes targets towards the
need of production companies to be able to flexibly change requirements, recon-
figure processes, get immediate feedback about the current state of production
processes for the management, and to reach information integration between all
process levels (Schüller and Elger 2013; Kannengiesser and Müller 2013).
Accordingly, Haller et al. (2009) identify two paradigms from which business value
out of IoT can be derived. First, real-world visibility which addresses the increased
information on what is going on within the real world and thus allows to increase
accuracy of timeliness of information and to support the identification of opti-
mization opportunities. Second, business process decomposition is identified as a
paradigm to gain added value out of IoT. The benefit of business process decom-
position is described as following by Haller et al. (2009):

The decomposition and decentralization of existing business processes increases scalability
and performance, allows better decision making and could even lead to new revenue
streams through entitlement management of software products deployed on smart items…
Edge processing and business process decomposition allows applications to make (part of
their) decisions locally in a decentralized manner and act accordingly. It thereby extends the
real world visibility concept with real world interaction.

To implement such decomposed, distributed systems a design environment is
required which allows to take into account “all business objects, business processes,
services, as well as processing, sensing and communication capabilities of smart
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items” (Haller et al. 2009, p. 17). Such an environment should allow for modelling
and executing organizational processes in an integrated and distributed way. Fur-
thermore, it should support the adaptability of a model during deployment to
support self-organization and optimization during runtime (Halleret al. 2009).

However, even if a vision of future production systems is well established, the
design and implementation of such systems remains a challenging task. Subse-
quently, further characteristics, challenges and requirements related to future pro-
duction systems are summarized based on literature findings.

Vogel-Heuser (2014, p. 37ff) describe the following fundamental technical
characteristics of CPS:

• (Reference) Architectures allowing for the integration of diverse, heterogeneous
system architectures

• Communication and integrated data flow among diverse stakeholders in terms of
heterogeneous systems as well as different human target groups

• Intelligent products and production units, e.g. flexible units that may be adapted,
products know where to go and consider changes in production environment,
this typically requires a modular product structure and a model-based engi-
neering approach which allows to adapt products at runtime. Thus, a specifi-
cation of required (product) and offered (machine) capabilities is necessary

• Human-centred system design in terms of understandable data aggregation and
integration and assistance.

In addition, Bauernhansl (2014, p. 26) envision a shift from the hierarchical
automation pyramid to a service-oriented network. It will lead to encapsulating
services within the different traditional automation layers and their provision in a
service network. In such an environment, software, infrastructures, platforms may
be offered as services which can be flexibly combined, e.g. software services to
apps which may be used to support the value chain. In the context of modelling
cyber-physical systems Derler et al. (2012) identify challenges like:

• Modelling interactions of functionality and implementation
• Modelling distributed behaviours
• System heterogeneity requiring the combination of multiple models
• Methodologies bridging the gaps between the disciplines involved (e.g., control

engineering, software engineering, sensor networks) (Derler et al. 2013)
• Modelling service semantics

From the technological requirements given above, the following design chal-
lenges of future production systems can be derived:

• Handling the heterogeneity of system components
• Loose coupling of system components
• Case-based, flexible application composition
• Late binding of system components
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• Providing means for modelling decomposed, distributed behaviours of organi-
zational processes

• Modelling (message) semantics

2.5 Conclusive Summary Industrial Challenges

The aim of this chapter was to review industrial challenges in the area of “Industry
4.0”. The review has been structured along the fundamental understanding of pro-
duction companies as socio-technical systems. Socio-technical systems consist of
three important aspects—(i) human, (ii) organizational structures and technology—
and the interdependencies of these aspects.

The review reveals that humans will remain a vital element of future production
situations and need to become involved in organizational development efforts and
continuous workplace improvement. Organizational structures are challenged by
changing business models of production companies. Enabling organizational
change requires openness to adaptation and innovation, digital readiness), learning
support and digital literacy of all involved stakeholders. In terms of adequate
technology design for people in organizations, technical challenges have still to be
tackled, in particular, developing adequate design and implementation environ-
ments for vertical and horizontal process integration to generate value from the
Industry 4.0 concept.

The contents of this chapter frame the description of the S-BPM potential in the
area of “Industry 4.0”. In the following chapter this potential will be discussed and
current developments from the S-BPM community will be summarized.
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Abstract
S-BPM targets Business Process Management and has been applied in various
business domains to model business processes and implement workflow support.
This chapter investigates S-BPM’s capabilities to support workplace and process
design as well as process execution in production companies. Thereby, industrial
capabilities of S-BPM are structured along the three dimensions of
socio-technical systems which need to be considered for Industry 4.0 develop-
ments. Technological capabilities address the ability to integrate processes on
different automation levels (planning, monitoring, real-time execution, etc.).
Organizational capabilities discuss the potential of subject orientation for
organizational development, and human capability development investigates
how humans in production companies could be supported when involving them
in workplace (re)design.
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3.1 S-BPM’s Technological Capabilities

Subject-oriented Business Process Management (S-BPM) represents a generic
approach to modelling, execution and improvement of business processes, with a
particular focus on the involvement and empowerment of the people in the process.
S-BPM has been applied in many business domains for a variety of process
applications, such as “service order and delivery in the banking area”, “manage-
ment of the development and maintenance of complex processes” or “incident
management” (Konjack 2010; Nakamura et al. 2011; Walke et al. 2013). These
application cases have focused on providing workflow support for SMEs and large
companies.

However, business processes are just one part of the process landscape in production
companies; and while business processes are certainly important for these companies,
they are not considered to be “core” processes. It is the physical processing and
movement of materials on the shop floor, with associated manual or automated
activities, representing the predominant concern of production managers and produc-
tion workers alike. Therefore, the application of S-BPM in the production domain
requires expanding the scope of process management. Thereby, not only business,
planning and logistics but also shop-floor activities need to be captured.

Processes in production enterprises have traditionally been represented at dif-
ferent levels of abstraction and granularity. A well-known framework defining these
levels is the IEC 62264 control hierarchy depicted in Fig. 3.1. It comprises four
levels: Field Instrumentation Control (Level 1), Process Control (Level 2), Manu-
facturing Operations Management (Level 3) and Business Planning and Logistics
(Level 4).

As these levels impose distinct requirements on processes with respect to real-time
processing, data storage, safety and security, the development of models and systems at
each level has been undertaken rather independently. This has resulted in poorly
integrated applications especially between Low-Level Control (LLC, i.e. Levels 1 and
2) operating in real-time and High-Level Control (HLC, i.e. Levels 3 and 4) operating
in non-real time. Systems developed for LLC include Programmable Logic Controllers
(PLCs), and systems for HLC include ERP, MES and BPM systems. The vertical
integration of processes across the different levels and systems has been considered
essential, since none of the processes of an enterprise operates in isolation. It is rather
triggered by others and, vice versa, other processes rely on the output of another
process. For planning, executing and monitoring this network of processes effectively
and efficiently, all processes need to be seamlessly integrated.

A major objective of the EU-funded project “Subject-Orientation for
People-Centred Production” (SO-PC-Pro) has been seamless process integration via
S-BPM. The SO-PC-Pro approach for vertical integration is depicted in Fig. 3.2. It
is based on using subject-oriented process models as a uniform representation of
processes at all levels of the IEC 62264 control hierarchy, including HLC and LLC
processes. The theoretical feasibility of this approach has already been demon-
strated by Müller (2012). Data between processes at the different levels may be
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Fig. 3.1 The IEC 62264 control hierarchy (adapted from IEC 62264-3 © 2007 IEC—All rights
reserved)

Fig. 3.2 Vertical integration of processes based on S-BPM and existing data standards including
OPC UA (extended based on IEC 62264-3)
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exchanged using existing automation standards, including OPC UA (IEC 62541)
and B2MML (IEC 62264). OPC UA is a communication protocol that is imple-
mented in most modern PLC environments. OPC UA includes specifications of
semantic data models that can be exchanged via web services or binary protocols.

In the course of the SO-PC-Pro project, interfaces for an S-BPM-based process
integration have been developed and tested. The developments are based on the
Metasonic Suite software for modelling and executing S-BPM processes. They
comprise:

• A B2MML interface
• An OPC UA interface
• An extension for transforming S-BPM behaviours to executable IEC 61131-3

conform PLC code

3.1.1 Exchanging Process Data via B2MML

B2MML (MESA 2013) stands for “Business-to-Manufacturing Markup Language”
and provides a vendor-, platform- and company-independent format which allows
handling the data of a process to be exchanged between Level-3 and Level-4
applications (Scholten 2007; Gifford 2011). B2MML represents an XML imple-
mentation of the ISA-95 (IEC 62264) standard and consists of five parts:

1. Models and terminology
2. Object model attributes
3. Activity models of manufacturing operations’ management
4. Object models and attributes for manufacturing operations’ management

integration
5. Business-to-manufacturing transactions defining transaction verbs for data

messages, e.g. cancel, confirm, change, get or show

In the S-BPM methodology, individual chunks of functionality are represented
as so-called subjects that are interlinked via messages. Every subject encapsulates
its individual behaviour specification defining sequences of tasks that produce,
consume and/or modify data provided by specific applications such as Enterprise
Resource Planning (ERP) systems and Manufacturing Execution Systems (MES).
The exchange of data between the different applications is thus mediated by
communicating subjects, providing the “glue” for integrating applications both
vertically (e.g. across an MES on Level 3 and an ERP system on Level 4) and
horizontally (e.g. across an ERP system and a project planning tool, both of which
are on Level 4). The interfaces between the S-BPM process and the specific
applications are defined using B2MML, as shown conceptually in Fig. 3.3.

The integration via S-BPM processes can be modelled and executed using the
Metasonic Suite. This tool provides a number of ways to establish and configure
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mappings between the data objects stored in the Metasonic Suite and the data
structures provided by external applications. However, as currently there is no
support for common data standards, the definition and maintenance of these
mappings is usually a tedious effort. This hampers the agility needed in modern
factories, as the mappings need to be reconfigured every time a new application is
integrated or a change occurs in its data requirements. Using the B2MML standard
as a basis for defining the mappings of the Metasonic Suite and B2MML-compliant
applications helps overcoming this challenge.

On a technical level, a B2MML interface has been implemented in Metasonic’s
S-BPM process modelling suite by means of two extensions:

Ext 1. An import wizard for selecting the B2MML schemas needed in a particular
process model and transforming them into data objects

Ext 2. A graphical user interface (called “refinement template”) for configuring
the exchange of data objects with B2MML-compliant external applications

These features support a best practice related to the B2MML application for
Level-3 and Level-4 data integration. This best practice means to first “identify[…]
the context and content of the information that needs to be exchanged” (Pipero and
Manjunath 2006). These aspects are commonly provided by process models, in
terms of task structures, communication between process participants and the data
objects handled in the process. Thus, connecting B2MML with an S-BPM process
(and workflow engine) requires the following two steps:

1. Generate S-BPM data objects (called “business objects”) according to the
B2MML schemas relevant in the respective process (by applying Extension 1
given above)

Fig. 3.3 S-BPM as the glue for integrating processes across Levels 2 and 3 (OPC UA interface)
and Levels 3 and 4 (B2MML interface) in the IEC 62264 control hierarchy
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2. Configure the exchange of the data objects (read/write) between the S-BPM
process and the external applications involved (e.g. MES, ERP) (by applying
Extension 2 given above)

Business-to-manufacturing integration is a challenge since the early days of ERP
and MES systems (Gifford 2011, p. 184). The standardization efforts related to
B2MML target the reduction of time spent, costs and increase of successful ERP
and MES system integration. However, Gifford (2011) states that Level-4 and
Level-3 integration projects initially require to “understand and document the
business reasons for the integration” (e.g. gaps in information exchange, media
discontinuity). Furthermore, the selection and definition of the processes involved is
vital.

In general, Level-4 and Level-3 integration projects include one of the following
process types (cf. Gifford 2011, p. 186):

Production order management; Production response management; Maintenance operations
management; Laboratory operations management; Warehouse, tank farm, and other
inventory operations management; Operations capacity management; Receiving manage-
ment; Shipping management; Manufacturing master data management (MDM); Key per-
formance indicators (KPI) and overall equipment effectiveness (OEE) calculation,
monitoring and management.

The implementation of such integration projects typically requires a middleware
that enables the interaction, for example through schema conversion, data con-
version or intelligent routing (cf. Scholten 2007, p. 190). The developed B2MML
prototype for S-BPM enables case-based modelling and execution of the behaviour
of such an S-BPM based middleware. The middleware behaviour can be shown
using the S-BPM interaction diagram in Fig. 3.4.

Depending on the individual application case the integration solution may differ
in terms of relevant B2MML data structures to be exchanged, and internal subject
behaviours of the ERP/MES subjects. Sample cases for enabling the interoperability
of different existing ERP systems and MES are (cf. Vieille 2012):

• Case 1: ERP and MES are not IEC 62264 compliant
• Case 2: ERP is IEC 62264 compliant
• Case 3: MES is IEC 62264 compliant

Fig. 3.4 Generic S-BPM model for ERP and MES behaviour integration via B2MML
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• Case 4: ERP and MES speak B2MML
• Case 5: B2MML mapping

For each of the cases relevant processes and data need to be defined at first.
Based on the selection further integration steps can be taken. In Case 1 neither the
ERP system nor the MES apply B2MML. However, B2MML may act in this case
as intermediary language between given ERP and MES elements. In such a situ-
ation, the modelling approach could be structured as follows:

1. Select relevant B2MML elements for actual integration case and create a cor-
responding intermediary business object (BO) in the Metasonic Suite.

2. Model the ERP behaviour in Metasonic Build and fill the defined B2MML
object with the corresponding information from the ERP system
(ERP -> B2MML mapping), e.g. fill the B2MML BO via Metasonic’s existing
“DBReader” refinement template with data from the ERP database, fill via data
requested from a web service

3. Model the MES behaviour in Metasonic Build and apply the B2MML business
object when exchanging data with the MES, e.g. via a MES web service, MES
specific messages. Since the MES is not B2MML enabled in this case, addi-
tionally, a transformation is required from B2MML to a MES interpretable
format

In Case 2 and 3, either the ERP or the MES is able to receive/send B2MML
messages. For the system not being B2MML compliant, a transformation needs to
be implemented within the S-BPM middleware (compare Step 2 and 3 of Case1).

Case 4 describes a situation in which both systems are B2MML compliant and
could exchange B2MML data directly. In such a case S-BPM might act as an
intelligent router. However, due to possible, custom B2MML extensions or sup-
ported transaction, errors might occur in the communication. Therefore, Case 5 is a
more convenient solution, which considers individual XML extensions and maps
the custom XML extensions to B2MML messages. Here the mapping functionality
needs to be implemented by the subject (ERP or MES) providing the extensions. In
general, the mapping may be defined in S-BPM within refinements of function
states by writing Java code to be executed at runtime.

In addition to Level-4 and Level-3 integration support, S-BPM can be applied to
support the integration of processes across the Levels 3 (Manufacturing Operations
Management) and 2 (Process Control) via the OPC Unified Architecture (UA).

3.1.2 Process Communication via OPC UA

OPC UA represents a standardized communication protocol (cf. IEC 62541)
enabling the vendor- and platform-independent communication within and between
Level-1 and Level-2 processes executed by Programmable Logic Controllers
(PLCs). To enable runtime communication among Level-3 and Level-2 processes,
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the data exchanged need to be defined according to the OPC UA standard. As this
needs to be done at design time (i.e. before the actual execution of the processes),
the process modelling editor Metasonic Build has been used as a basis for a
OPC UA data definition prototype. Specifically, a graphical user interface as part of
this editor has been developed to guide the S-BPM process modeller through the
steps required when specifying OPC UA interfaces.

The basic features of the interface have been derived from the structure of the
OPC UA standard (IEC 2008). OPC UA applies the client–server concept to
implement the interaction between different communication partners, e.g. a work-
flow engine and a shop-floor PLC. To allow requesting services provided by an
OPC UA server or within a network of OPC UA servers, OPC UA defines an
Address Space model. In such an Address Space an OPC UA server defines which
contents (i.e. nodes representing objects, variables, methods etc. related to dedi-
cated objects) are visible/editable for clients. Servers also allow clients to monitor
attributes and events on the server. Each client can subscribe to the attributes and
events it is interested in and will then be notified accordingly.

Figure 3.5 shows the basic functions of the OPC UA refinement template using a
schematic representation for the interplay between the behaviour of the “PLC”
subject in the Metasonic Suite and a PLC addressable via an OPC UA server. The
refinement template allows (1) configuring the endpoint of the server, (2) config-
uring the relevant node (e.g. variable, method and event), (3) reading/writing
variables from/to business objects, (4) invoking methods on the server and
(5) subscribing to data changes or events provided by the server.

The concrete OPC UA refinement template shown in Fig. 3.6 allows (i) reading
values from a PLC and storing them in a business object, and (ii) writing concrete
values of a business object to variables of a PLC. The template thus facilitates
configuring the concrete OPC UA server endpoint that provides the desired

Fig. 3.5 Basic functions of the OPC UA refinement template
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variables. Furthermore, one needs to choose the action and the relevant business
object before mapping variables to each other. The refinement template shown in
Fig. 3.6 allows mapping multiple PLC variables to different fields of business
objects. It is associated with the function state “Set lights” within the SBD of the
“Light Controller” subject in a lighting control process.

3.1.3 Executing S-BPM Models in Real Time via IEC 61131-3

The B2MML and OPC UA interfaces allow using S-BPM as the glue for integrating
processes at any location of the vertical control hierarchy. This is depicted conceptually
in Fig. 3.3. Current implementations of this approach are based on using Metasonic
Flow as the workflow engine that controls the execution of all subjects in the process.
This has an important limitation: The execution times of subjects located at Levels 1
and 2 are too slow to meet the “hard” real time constraints of many control tasks,
because Metasonic Flow was designed for office-based processes where time is usually
measured in days, hours and minutes—not in milliseconds or microseconds, as typi-
cally being the case in automated factory processes. To fully apply the S-BPM
approach to production processes, a different workflow engine is needed that is capable
to execute real-time behaviours of S-BPM processes.

Today only Programmable Logic Controllers (PLCs) can execute real-time
control tasks on the shopfloor. However, PLCs are not commonly thought of as
“workflow” engines because they deploy specialized programs (often based on
automation standards defined in IEC 61131-3) rather than general workflow

Fig. 3.6 Refinement template for reading/writing values from/to an OPC UA server variable
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descriptions. In the SO-PC-Pro Project, a prototype of a real-time workflow engine
resulting from the transformation of S-BPM workflows into IEC 61131-3 programs
that can be read and executed by PLCs has been developed. Thus, S-BPM beha-
viour models can be used to describe PLC behaviour similar to IEC 61131-3
Sequential Function Charts, and to map and deploy them to concrete PLCs.

The ability to transform S-BPM into IEC 61131-3 and vice versa is based on the
close similarity between the Abstract State Machine (ASM) formalism of S-BPM
(Börger and Fleischmann 2015) and the Sequential Function Charts (SFCs) lan-
guage of IEC 61131-3. A set of mappings between individual S-BPM constructs
and IEC 61131-3 constructs has been developed in the SO-PC-Pro project and
encoded in the Metasonic Build functionalities. A conceptual model for the S-BPM
based PLC model creation and deployment is given in the following figure. It
depicts build-time dependencies (PLC logic export/import; PLC behaviour
deployment) as well as run-time dependencies (Metasonic flow may access PLC
logic via OPC UC Server) (Fig. 3.7).

Summarizing, the technical developments in the SO-PC-Pro project include
interfaces for S-BPM that connect different levels in the IEC 62264 control. These
interfaces comprise:

• OPC UA interface for integrating processes across Levels 2 and 3
• B2MML interface for integrating processes across Levels 3 and 4
• Mapping S-BPM onto IEC 61131-3 to reuse S-BPM behaviours and deploy

them on PLCs for real-time execution

Metasonic 
Flow

OPC UA 
Server

PLC

Metasonic 
Build

Metasonic 
Backend

Metasonic 
Runtime 
Database

S-BPM Model 
Deployment

JDBC

RMI

PLC 
Open 
XML

PLC logic 
export

PLC logic 
import

PLC 
Development 
Environment

PLC behaviour 
deployment

reads and writes 
OPC UA variables

is connected

Fig. 3.7 Conceptual mapping architecture
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The application of the above given technical developments will be illustrated
within the case studies presented in the subsequent chapters. Especially, within the
lot-size 1 case the focus has been seamless integration. Thus, this case will describe
the application of the interfaces.

3.1.4 S-BPM as Communication Model for Process
Integration

Aside to structuring the developments along the ISA 95 automation pyramid, an
alternative point of view may be taken as described below. The shape of the IEC
62264 model reflects two distinguishing characteristics. First, this automation
architecture is strictly hierarchical. Systems at the same hierarchical level share
similar functions and need to satisfy similar constraints regarding real-time pro-
cessing, data storage, safety and security. Second, the automation pyramid reflects
the amount of data being processed at the different levels. Towards the bottom end
(or wider end) of the pyramid large amounts of raw (sensor) data are produced and
handled, while towards the top end (or narrower end) of the pyramid the data
become more condensed and less frequently exchanged (Vogel-Heuser et al. 2009).

The strictly hierarchical structure with clearly defined concerns at each level had
a strong impact on the vertical connectivity of many automation systems, in that,
individual components within one level were developed to exchange data only with
components of adjacent levels. A number of standard protocols were defined to
establish the necessary communication layers for these exchanges.

Over the past 25–30 years, a number of changes in technology and production
organization have occurred that break with the foundational assumptions of the
traditional automation pyramid (Vogel-Heuser et al. 2009). At the bottom end of the
pyramid, field devices became computationally more powerful and intelligent, with
a new range of communication capabilities that allow for modular organization and
decentralized control of production processes (Vogel-Heuser et al. 2009; Mendes
et al. 2012). Such smart devices are today called cyber-physical systems (Kager-
mann et al. 2013) and compose what is often called the industrial Internet of Things
(IoT) (Haller et al. 2009). Communication between devices is no longer restricted to
adjacent levels but can occur anywhere across the hierarchy. A similar trend can be
observed towards the top end of the automation pyramid, where there is increasing
interest in decentralized approaches to business process management such as
agent-based and service-oriented architectures (Sinur et al. 2013; Cummins 2009).

To account for these changes in the production industry, more recently a new
model for automation was proposed (Vogel-Heuser et al. 2009): the “diabolo”
model, as shown in Fig. 3.8. Diabolo is an acronym for “Distributed Information
Architecture to Bolster Lifecycle Optimization”. It also reflects the double-cone
shape of the model.
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In the diabolo model, the four hierarchical levels are collapsed into just two:

• High-level control (HLC, upper cone in Fig. 3.8) is composed of Levels 3 and 4
in the traditional automation pyramid. The hexagons in the figure represent the
interconnected process functionalities typically found in production manage-
ment, including common Level-3 functions such as work order management,
quality management and maintenance management (McClellan 1997;
Vogel-Heuser et al. 2009), and Level-4 functions such as planning, logistics and
business process management.

• Low-level control (LLC, lower cone in Fig. 3.8) is composed of Levels 1 and 2
in the traditional automation pyramid. As indicated in the figure, the various
field devices and PLCs remain hierarchically structured to meet real-time and
other requirements specific to process control in physical production
environments.

The two levels are vertically integrated by a communication model that provides
a central interface for all cross-level exchanges of information. These exchanges
may involve any field device within the LLC level, including sensors and actuators.
Having a central interface is convenient, as it avoids having to maintain potentially
large numbers of point-to-point interfaces.

The increasing modularization and distribution of processes at both HLC and
LLC levels can be conceptualized using the idea of partial diabolos (Vogel-Heuser
et al. 2009). Every diabolo represents a “module” (that may be composed of other
modules) that is functionally and/or structurally (i.e. by implementation as a

Fig. 3.8 The diabolo model of modern automation systems (adapted from Vogel-Heuser et al.
2009)
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separate component) distinct from other modules. As shown in Fig. 3.9, partial
diabolos are interconnected via the horizontal integration of their communication
models. This is the foundation of the notion of “plug-and-produce”: the
model-based reconfiguration of automation software to adapt to changes in products
and production processes (Niggemann et al. 2015).

Subject-oriented business process management fulfils essential criteria for such a
communication model stated in recent literature (Vogel-Heuser and Feiz-Marzoughi
2013; Keddis et al. 2014):

• S-BPM includes modelling data structures in terms of so-called business objects
(Fleischmann et al. 2012)

• S-BPM allows mapping data objects between different external systems by
means of refinements (Fleischmann et al. 2012; Kannengiesser et al. 2016)

• S-BPM describes process logic together with the data mappings (Fleischmann
et al. 2012; Kannengiesser et al. 2016)

• S-BPM has a well-defined formalism that allows instant execution by a run-time
environment (Fleischmann et al. 2012; Börger and Fleischmann 2015)

• S-BPM provides generic constructs that enable modelling business processes as
well as physical production processes (Müller 2012)

• S-BPM supports the creation of individual views for different systems and users
(Fleischmann et al. 2012)

• S-BPM uses a data-centric coordination concept that allows for loosely coupled,
flexible system architectures (Meyer et al. 2011; Kannengiesser 2015)

• S-BPM has a minimal set of modelling constructs, facilitating understanding by
stakeholders with different educational backgrounds (Fleischmann et al. 2013)

The overall concept of using S-BPM as the basis of a communication model in
the automation diabolo is shown in Fig. 3.10. Every system is represented as a
subject that encapsulates its behaviour and data structures. Subjects coordinate the
execution of their behaviours through message passing, establishing a decentralized
process architecture. Subjects may encapsulate not only individual systems but also
systems of systems. For instance, “Subject F” in Fig. 3.10 represents a whole
process module (“Process Module C”). As indicated in the figure, that module may
use a non-S-BPM based communication model, such as one based on UML

Fig. 3.9 Horizontal integration of multiple diabolos via the communication model
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(Vogel-Heuser and Feiz-Marzoughi 2013). The S-BPM based approach allows this
module to be integrated as a “black box”, using the encapsulation concept enabled
by subjects.

S-BPM facilitates changes in the communication model at design time and at
runtime. This capability is enabled by the notational simplicity and modular
composition of S-BPM models: Individual behaviours and data structures in a
subject can be changed as long as the messages exchanged with the neighbouring
subjects (and the business objects associated to these messages) remain the same.
Messages can be viewed as interfaces between two subjects. There needs to be a
realignment of the two subjects about the particular message, only if a change in a
subject affects its message structure with another subject. Such a realignment may
require further changes and realignments with other subjects. Yet, it can usually be
expected that changes do not propagate to all the subjects of a model.

3.2 S-BPM’s Organizational Development Capabilities

Thinking in subject-oriented terms and modelling business processes in a
subject-oriented notation aim to support overcoming the disruptive pressure orga-
nizations are currently facing (cf. Lorenz et al. 2015). In particular, it enables
tackling how organizations should be dealing with changes at the same time when
operating it. Transforming while performing requires a digital infrastructure, both in
terms of human resources and technology, as the table from work practice reveals
(Table 3.1).

Neither digitizing nor servitizing an organization through process integration can
be handled simply by providing respective technologies. While technology is an
indispensable enabler, such change processes require a human-centred approach,
driven by management, one that takes the people who have to implement changes

Fig. 3.10 S-BPM as a basis for horizontal and vertical communication in the automation diabolo
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into account. So-called dynamic capabilities should enable building and reconfig-
uring internal and external resources including competencies (Eisenhardt and
Martin 2000). The goal is resilient behaviour based on organizational agility (cf.
Worley and Lawler 2010; Kirchmer 2011).

In change management projects IT-affinity tend to dominate (cf. Sambamurthy
et al. 2003; Overby et al. 2006; Ngai et al. 2011; Kim and Suh 2012) although
stakeholders1 and their communities play a crucial role for succeeding in those
projects. Korpelainen and Kira (2013) revealed “that most of the problems were
identified in the social context and only one fifth of the problems were related to the
employees’ experiences of a lack of skills and competencies in using the
IT-systems”. Apparently, it still holds what Hammer (1996, 1999) found out
already in the context of Business Process Re-Engineering when revisiting the
original, model-centric concept of Hammer and Champy (1993).

Moving from adopting IT systems to organizational design involving
human-centred work models and semantic process analysis (cf. Prilla et al. 2012)
can be facilitated by business process modelling notations. Such a
stakeholder-centred procedure needs to include the opportunity to transfer human
experience and ideas into a process model for effective work support (Aschoff et al.
2003). Capturing work knowledge requires a context-sensitive BPM approach (cf.
Ates and Bititci 2011; Silva and Rosemann 2012).

Following the human-centred approach for organizational development has a
cognitive, a content-oriented and social perspective. From the cognitive perspec-
tive, a semantically valid representation of work knowledge is required when
stakeholders create models and when eliciting/documenting work processes. From
the content perspective, models represent the baseline of organizational develop-
ment. From the social perspective, an intelligible and executable version of models
is required. They allow sharing, reflecting and experiencing processes through
different roles and stakeholders (Fig. 3.11).

Table 3.1 Shifts through digitization

Traditional Digital

Strategy Efficiency Innovation

Culture Hierarchy Collaboration

Talent Low cost High skill

Technology Legacy Cloud, mobile, apps

User experience “Who cares?” Mission critical

IT Philosophy Waterfall Iterative (agile)

Business model Service and support Relationship and partner

Source Michael Krigsman www.cxotalk.com. Available at: http://techcrunch.com/2016/01/31/
digital-transformation-requires-total-organizational-commitment/

1Stakeholder denote humans directly or indirectly (e.g., being responsible) involved in business
operations.
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3.2.1 Creating Semantically Valid Representations

In this section, the acquisition of work knowledge from a stakeholder perspective,
and its mapping to diagrammatic models is discussed. Existing concepts, stemming
from Business Process Management (BPM) and Knowledge Management (KM) are
reviewed. A conclusive summary wraps up the findings.

3.2.1.1 Work Analysis
Modelling principles and conventions (cf. GoM—Becker et al. 2008) traditionally
set the stage for representing work knowledge in terms of process models. As in
practice, modelling standards often comprise 100 and more pages, they may not be
understood or accepted by stakeholders—a modelling notation should rather serve
as a means for communication and sharing work knowledge than requiring tech-
nical mastery. The organizational aspect of work should be considered primarily
from work profiles of stakeholders in the operational business, and the roles that
need to be supported by information technology.

Often, stakeholders ask “What do I need an analysis for?” as they know their
organization like their own pocket. However, process analysis moves beyond
accumulating existing facts. Hence, it needs to involve all who could contribute to a
work process. Analysis is an overarching process, which needs to involve a large

Fig. 3.11 Organizational
development leveraging
stakeholder knowledge
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part of the organization, as it denotes a purposeful representation of relevant process
information in preparation for transforming an organization (cf. Weske 2012).

Analysis may start with particular elements, e.g. with actors in S-BPM
(Fleischmann et al. 2012) or functions as in ARIS (Scheer 1999). The context is
framed by elements stemming from system analysis, knowledge management and
organizational learning. Representations refer to a certain system, as they allow
describing phenomena of various complexity (cf. Von Bertalanffy 1968). A major
characteristic of a system is the set of mutual relationships as constitutive element.
System thinking has been elaborated with respect to causal relationships and
associative ones (cf. Senge 1990), as analysis targets identifying and describing
besides the elements of a system their major effective relationships. The acquisition
of work-relevant knowledge might include leveraging tacit or implicit knowledge
(Nonaka and Von Krogh 2009). Explicit knowledge is already documented infor-
mation whereas tacit knowledge is not available in documented form. It resides with
people and can be elicited to explain the rationale of behaviours or processes.

In the course of analyses, performance-relevant processes among work force are
put into mutual context. Traditionally, when the dynamic view of an organization is
the focus, tasks rather than roles move to the centre of interest (cf. Scheer 1999).
The essential question is how organizational units need to be mutually related to
accomplish work objectives in a correct temporal order when executing tasks. Such
arrangements should then be mapped to workflow specifications which are at least
partially automated.

According to Fischermann (2006) purely task-centred approaches are likely to
lead to some deficiencies with respect to stakeholder orientation: Positions located
in managerial parts of the hierarchy are traditionally handling tasks with less
cooperation, such as deciding on requests from the operational staff. However,
running processes even in expert organizations, such as hospitals, requires effective
and efficient collaboration. In addition, thinking in terms of processes is generally
more difficult than thinking in familiar structures of a static organization of work.

A work process analysis is therefore a special form of organizational analysis.
This means, conversely, that it should take into account the organizational structure
in an appropriate way. The processes have to be aligned to the organization and to
be embedded in existing hierarchical structures, leading to a process-oriented
organizational hierarchy (Fischermann 2006).

S-BPM provides a twofold approach when analysing work procedures. One
could either start taking a role-perspective and relevant communication acts among
roles, or alternatively start to describe a certain encapsulated task behaviour and the
communication interfaces to other behaviours (performed by certain roles).

3.2.1.2 Top-Down Versus Bottom-Up Modelling
In traditional process analysis basically two approaches can be followed, top-down
and bottom-up: The top-down approach puts the corporate strategy and vision of an
organization to the centre. Processes at the top level, such as customer service
routines, are progressively detailed and structured. Process analysis is corre-
spondingly understood as a stepwise refinement of the processes of a high-level
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representation, such as value chains, to a more detailed description level, such as
sequences of operational activities (Gaitanides 1983).

Both approaches to detailing a process, decomposition and refinement, leave
open, at what level of detail processes need to be specified before starting refine-
ments, and how to design the interface between different levels of detail. Different
stakeholders will approach this issue in a different way (Fischermann 2006), thus,
developing systematic guidelines is difficult. The analyst and the stakeholders
involved in the collection and evaluation of data may interpret differently for each
case, at what level of abstraction a process needs to be positioned.

In the bottom-up approach, however, processes are constructed from actions
performed at a workplace upwards. As individual actions are linked to processes
and procedures they propagate to various levels of abstraction. A survey could start
identifying elementary actions involved in task accomplishment, and be followed
by composing those actions to a process specification. The advantage of a
bottom-up approach when involving operative stakeholders concerns the initial
selection of an abstraction level, as it corresponds to their perception. Analysis will
consequently lead to collecting and describing only those processes that match the
perceived reality.

S-BPM promotes a bottom-up approach for eliciting and representing work
knowledge. Bottom-up modelling in S-BPM may start with the definition of indi-
vidual behaviours and their interfaces to inter-dependent behaviours. A next step
could be the definition of exchanged data or the aggregation of subject behaviours
to roles in organizations. The resulting models may be validated by domain experts
in a role-play fashion supported via IT tools. The validation allows checking
whether a created model meets the intended objectives or needs to be reworked.

3.2.1.3 Emergent Semantics
Most of the modelling approaches for work knowledge analysis provide a notation,
which might be more or less oriented towards execution, such as CommonKADS
(Schreiber et al. 2002) focusing on representation and analysis, and FRODO
(Aschoff et al. 2003) interleaving modelling and execution of knowledge-intense
processes. Emergent semantic approaches allow dynamic development of semantic
process representations. For instance, Cohn and Hull (2009) use (business) artefacts
combining data and the manipulation process as basic building blocks of modelling.
Artefacts are key business entities (business-relevant objects) evolving when
passing through a business’s operation. They can be created, modified and stored.
As a result business, operations can be decomposed along various levels of
abstraction. Artefacts are typed using both an information model for data about the
business objects during their lifetime, and a lifecycle model, describing the possible
ways and timings that tasks can be invoked on these objects.

According to the approach, such an artefact could be a knowledge claim. Its
information model could include attributes, such as claimID, originator, elaboration
time, duration of validity, and operating information. The lifecycle model could
include the multiple ways that the knowledge claim could be handled. Artefacts
define a useful way to understand and track operations, such as the stations that a
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claim has passed through, typically being of relevance for involved stakeholders.
The information model’s attributes are filled with information elements over the life
cycle time of the artefact. In Cohn et al.’s approach (2009), artefact instances can be
generated in state-based way, as instances interact through message passing as they
transition between states. The artefact-based business operation model is thus being
termed actionable. Specifications can be used to automatically generate an exe-
cutable system based on various, accumulated kinds of data corresponding to the
stages in a business entity’s lifecycle. Clustering data based on a dynamic entity that
moves through a business’s operations is in contrast to decomposing business
entities, as it avoids isolated data manipulations.

Moreover, it facilitates the use of representations, as the authors state “it enables
strong communication between a business’s stakeholders in ways that traditional
approaches do not. Experience has shown that once the key artefacts are identified,
even at a preliminary level, they become the basis of a stakeholder vocabulary.
Artefacts enable communication along three dimensions” (Cohn and Hull 2009):

• Lifecycle dimension, as “stakeholders who focus on one part of a lifecycle are
better equipped to communicate with stakeholders focused on another part. All
are talking about the same overall artefact and can confidently discuss attributes
that are shared or produced in one part of the lifecycle and consumed in another”
(ibid.)

• Variations’ dimension, as “stakeholders from multiple geographies could
understand similarities and differences between their respective operations by
comparing them to the commonly held artefact model” (ibid.)

• Management dimension: “Communication between stakeholders at different
management levels is enhanced because the artefact approach naturally lends
itself to a hierarchical perspective” (ibid)

Hence, we can conclude that evolving element and relation categories are of benefit
for developing a stakeholder-oriented modelling and analysis approach (cf. also
Salovaara and Tamminen 2009). The presented approach of Cohn and Hull (2009) may
be mapped to S-BPM as follows: Data and their manipulation process map in S-BPM
onto business objects and within certain subject behaviours. In S-BPM, there is not an
overall defined data manipulation process, instead data may be changed by different
subjects depending on the defined “create-read-update-delete” operations for the ded-
icated subject (operation). Finally, an S-BPM model defines the exchange sequence of
data embodied in certain message exchanges.

3.2.1.4 Semantic Business Process Management
Semantic Business Process Management (S-BPM) relies on ontological concepts in
order to capture process-relevant items, however, targeting at automated processing
and reasoning (Ciuciu et al. 2011; de Castro et al. 2010; Hoang et al. 2010). While
striving for consistency by relying on a common terminology, “the main challenge
here lays in the availability and existence of the common domain description that
would be accepted by the process participants. Not only obtaining process
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participants’ acceptances to use the proposed ontology that constitutes a problem,
but also development of domain ontologies that would be a specialization of already
delivered solutions is a challenging and time consuming task” (Filipowska et al.
2011).

It a first phase in S-BPM a business analyst models a business process. As a
result of this phase, semantically annotated business process models exist. They
should not only capture explicitly the functionality of tasks and decisions in the
process flow, but also actors, roles, resources that are involved in the process. This
process content is revisited in terms of not only modelling, but also with support of
ontologies in terms of additional functionalities taking advantage of the ontological
process descriptions (e.g. ontology-based searching for process fragments matching
business criteria, process fragments reuse or compliance checking). This design
reflects a set of activities supporting stakeholder needs in analysis, which have to be
captured methodologically (cf. Mendling et al. 2010).

3.2.1.5 Conclusive Summary
What kind of support could stakeholders need when getting involved actively in
organizational development based on work processes? The current findings indicate
that

• Eliciting knowledge requires an open format for articulation and collaborative
reflection (semantic openness). Hence, predefined notations could direct artic-
ulating work knowledge and inputs for change in a certain direction, e.g.
functional representations, role-based representation

• Knowledge codification needs to be accompanied by sharing knowledge. It
needs to be accessed and reflected by others—representations, such as concepts
or business process models serve as baseline for discussion and discourse

• Middle-out as well as top-down analysis should be performed on models,
depending on the type of granularity and encapsulation

• Intertwining the functional perspective on accomplishing tasks with interaction
processes helps not only for reflecting a situation “as-it-is” to come up with
ideas “as-it-could-be”, but also for setting the context of work procedures in
terms of relevant factors for task accomplishment

3.2.2 Process-Based Organizational Development

Both developers and stakeholders need to be qualified for effectively participating
in work (re)design, in particular when innovative concepts need to be handled
(cf. Lorenz et al. 2015 for industry 4.0). As indicated also above, openness for
content generation and sharing seems to be crucial for stakeholder-driven organi-
zational development: “Incremental innovations and organizational learning pro-
cesses are of growing importance for the competitiveness of firms” (Strambach
2001, p. 56). For flexible operation, stakeholders have to work on their work
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processes (Herrmann 2000; Herrmann et al. 2004), rather than being qualified to
adapt (cf. Pütz and Lüger 2003).

The more stakeholders are informed about their organization of work, the more
they become connected personally to their performance, and finally, willing to
change (cf. McGregor 2006). It has been observed that people react to situations
based on context rather than fixed behaviour patterns, such as process specifications
they need to follow (cf. Meyrowitz 1985). Hence, even roles as functional or social
entities evolve over time (Castells 2010). Stakeholders may change roles dynami-
cally, driven by their personal identities triggering their behaviour (cf. Montague
2012). Such observations manifest individuals as self-regulated subjects. As such,
they decide according to the construction of their reality on goals and the
arrangement of activities. Based on their conscious reflection, they learn to select
from a variety of options to act, and finally, to solve problems (cf. Edelmann 2000).

Consequently, any approach to organizational development should allow active
design when organizing work and be on some characteristic particularities,
according to Ulich (1991) (cf. Arnold 1996; Sennett 2008): (i) holistic, (ii) chal-
lenging, (ii) possibility of social interaction, (iii) featuring autonomy, (iv) facilities
to learn and develop. Organizational development driven by actively engaged actors
mainly concerns work and business processes (cf. Fischer 1989). Once stakeholders
reflect work practices, self-transforming of organizations is enabled (Geißler 1995;
Seidl 2005). Thereby, the direct access of actors to organizational development
knowledge, including the business processes stakeholders are actually involved in,
seems to be essential (cf. Schwaninger 2000).

From management theory, timely organization of work has already been rec-
ognized as learning endeavour, depending on highly engaged stakeholders (cf.
Rieckmann 1997). However, few implementations of organizational development
concepts exist focusing on the highly dynamic nature of business structures and
learning facilities that need to be provided for engaging stakeholders in the above
mentioned sense. Although a variety of frameworks exist for systemic organiza-
tional change (cf. Senge 1990; Kim 1993; Haeckel 1999) they mostly lack oper-
ational support (cf. Zhu 2009).

According to Chen et al. (2003) systems supporting organizational change
should comprise the following: (i) an integrated Organizational Memory, (ii) indi-
vidual learning support on the operational and conceptual level, (iii) lower and
higher level organizational learning, (iv) an organization-wide Knowledge Man-
agement System (KMS). In case of BPM-driven organizations business process
models are part of the organizational knowledge that needs to be kept as organi-
zational asset. In addition, information about process analysis, validation, imple-
mentation (workflow management) and optimization needs to be kept.

Operational learning by individual stakeholders should be supported enabling
direct access to the Organizational Memory, while individual conceptual learning
requires integrated ICT-support for communication, content management and dis-
semination. Lower level organizational learning refers to adjustments of processes
to their environment, e.g. through establishing additional lines of dissemination,
whereas higher level organizational learning affects mental models, and as such
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underlying assumptions and beliefs influencing thinking and behaviour in work
processes. These assumptions rely on fundamentals, such as knowledge about BPM
and its practical implementation through Workflow Management Systems.

Individual learning support on both levels requires education qualifying stake-
holders for their engagement in (BPM-based) organizational change. Besides
epistemological connections, personal connections to BPM knowledge need to be
provided for stakeholders actively engaging in learning processes (cf. Resnick et al.
1996). Facilitators to this respect are personalized learning environments
(cf. Dabbagh and Kitsantas 2012), social technologies integrated in BPM lifecycle
support systems (cf. Matthiesen et al. 2011), and agility support features (Bruno
et al. 2011).

For S-BPM the main qualification need is given for modelling. The qualified
participation in S-BPM organizational development projects to fully utilize
S-BPM’s human support capabilities is twofold.

• Diagrammatic skills: On one hand Subject-Interaction Diagrams need to be
understood as primary means of abstracting from behaviour in a certain situa-
tion, e.g. state of organizational development. On the other hand, each subject
needs to be refined to concrete actions.

• Perspective skills: Subject-specific activities comprises two perspectives on the
same behaviour abstraction: first, functional role behaviour, and second inter-
action with other subjects (sending and receiving messages). The latter is sub-
stantially important to accomplish a model of how to run an organization.

For executing S-BPM specifications, the validation phase reveals semantic and
syntactic correctness. The subsequent execution allows for direct user experience
before freezing procedures for the actual business operation until the next cycle of
organizational development is triggered.

3.3 S-BPM’s Human Support Capabilities

Chapter 2 revealed that humans will remain a vital element of future production
situations and need to be involved in organizational development efforts and con-
tinuous workplace improvement. Thereby, human-centred design techniques and
the involvement of domain experts contribute to people-centred workplace design.
Furthermore, organizational structures and workflows shall be designed to support
the empowerment of organizational actors and high involvement in workplace
redesign and continuous improvement. With respect to human support capabilities,
S-BPM offers different potentials such as:

• Eliciting process knowledge of domain experts
• Involvement of domain experts in process design
• Development of a shared process understanding between domain experts
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• Workflow execution support
• Workflow monitoring and analysis (e.g. via KPIs, reporting).

The first three bullets target designing work practices. The last two bullets aim at
run-time support for actors (manager, worker, etc.) of organizations. Subsequently,
the potential of S-BPM and a possible enrichment for designing industrial work-
places in a human-centred manner will be illustrated. Beyond, run-time support that
can be offered by S-BPM implementations will be discussed.

3.3.1 Designing Industrial Workplaces in a Subject-Oriented
Way

Subject-oriented business process management (S-BPM) aims to provide simple
tools for people when designing and improving their own workflows. As it has been
successfully used in many office-based business processes such as credit applica-
tions and order processing (Konjack 2010; Nakamura et al. 2011; Walke et al.
2013), the addressed processes are predominantly virtual—they are executed almost
entirely within IT-based environments using various software tools such as SAP,
Microsoft Office and email programs. As a result, business processes can be
specified without much information related to the physical, cultural or social
environment in which they occur—they can often be executed independently of the
spatiotemporal location of the involved or concerned people.

However, more detailed information about the context is crucial in the physical
world of production processes where the spatial layout of workplaces in the factory,
the artefacts and tools available, the work culture and the company values embody a
specific way of working that may be different from the desired processes. Suc-
cessful factory and workplace development creates a way of working that
employees want to adopt. This can only be achieved once there is no mismatch
between the planned interactions people are to perform to achieve their personal
and company goals, and the actual interactions afforded by the people’s work
context (Vilpola et al. 2006).

What could an enhanced S-BPM methodology look like for improving work-
places considering both people-centred and economic aspects? One way to derive
such a methodology is to examine existing approaches for each aspect and check
whether they could contribute extending the current S-BPM methodology (cf.
Table 3.2). Typical approaches for the two aspects include contextual design
(emphasizing people-centred aspects) and value stream design (emphasizing eco-
nomic aspects). However, we first look at the existing S-BPM methodology. Its
steps include (Fleischmann et al. 2012, p. 29ff):

1. Analysis: defines the scope and goals of process improvement and sets up a
project structure

2. Modelling: represents the process in terms of the subjects (i.e. the active entities
in the process), their interactions and behaviours, and the data handled by them

3 S-BPM’s Industrial Capabilities 49



3. Validation: checks whether the process is effective
4. Optimization: checks whether the process is efficient
5. Organization-specific implementation: integrates the process in the organization

by assigning people and departments to subjects
6. IT implementation: integrates the process in the organization’s existing IT

infrastructure
7. Monitoring: executes the process and collects data from it for evaluation and,

potentially, a further cycle of improvement

Contextual design is based on observing how the work unfolds, directly at the
workplace. This allows gathering ongoing experience about the people's work, how
processes are managed and systems are used, rather than relying on abstract
information. While contextual observation or inquiry aims at capturing the workers’
subjective views of their context (Kannengiesser et al. 2014), this method uses an
external consultant who observes and asks questions related to the reasoning behind
some of their actions. The consultant documents these observations using notes,
sketches and sometimes photos to facilitate the identification and documentation of
problems or “disturbances” from the perspective of the worker. The detailed steps
of contextual design are described in (Beyer and Holtzblatt 1998; Bonaldi et al.
2011) and include:

1. Contextual Inquiry is conducted with users in their workplace while they work,
observing and inquiring into the structure of the users’ own work practice. Data is
collected through observations and interviews and is validated through team interpre-
tation sessions.

2. Work Modelling: Five work models capture the work of individuals and organizations
in diagrams. Each model provides a different perspective on how the work is done.

3. Consolidation refers to the process of defining a common pattern and structure without
losing individual variation.

4. Work Redesign uses the consolidated data to focus the conversation on how technology
can help people accomplish their tasks. The redesigned work is captured in scenarios
embodied and elaborated upon in storyboards.

5. User Environment Design captures the “floor plan” and design of a new system, how
each part of the system supports the users’ work – along with what functions are
available in it – and how to access each of these parts.

6. Mock-up and Prototype Testing are important to system development in ensuring
functionality and usability. Furthermore, continuous iterations of prototyping and
testing have the potential to bring incremental improvement to the system and drive
detailed design (Bonaldi et al. 2011, p. 99).

Scoping typically comprises all activities related to the definition and qualifi-
cation of the object (e.g. workplace, tool, process) to be (re-)designed. Scoping
comprises collecting data, gathering requirements and defining the scope based on
the collected information. In order to collect information (Collecting) different
elicitation techniques such as workshops, focus groups, creativity techniques,
interviews, document analysis or product analysis may be applied. In SO-PC-Pro,
the focus on collecting data from the people involved has been considered vital.
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However, in order to be able to communicate and align different views on work-
places representations are required.

Representing Workplace Information depends on the scope and may include
contextual models, value streams or subject-oriented process models as means for
communication, consolidation and alignment of different views on a workplace.
The structured and aligned representation of workplace information provides the
basis for Synthesizing Improved Workplaces. Synthesizing comprises the design
and validation of (new) solutions ideas (e.g. new process design and immediate
validation via IT-supported role-play; design of to-be physical model and validation
of the model with workers; to-be value stream map; Storyboard).

For selected design solutions prototypes should be built, in order to allow to get
feedback from involved users at an early stage of development. Prototyping can
comprise process prototypes, UI-Prototypes, tool prototypes or even workplace
prototypes to test real-life work settings. Prototyping results inform the (organi-
zational and technical) implementation of desired solutions.

Table 3.2 Methodological design framework synthesis based on S-BPM, contextual design and
value stream design (output-oriented mapping)

Extended
methodology

S-BPM Contextual design

1. Scoping Analysis
Goal of process analysis, initial
information

Involved processes, people, customers,
products, timeframe, available resources

2. Collecting
workplace
information

Monitoring and analysis
AS-IS situation described in terms of:
Who acts? What is done? What is edited?
Process metrics, AS-IS: Existing process
models, process instances, key
performance indicators

Workplace observation data, Interview
data revealing relevant aspects of the
workplace

3. Representing
workplace
information

Modelling
Subject Interaction Diagram, Subject
Behaviour Diagram, Business Objects

Flow Model, Sequence Model, Physical
Model, Artefact Model, Cultural
Model -> revealing relevant aspects of
work that matter for the design and
existing disturbances

4.
Consolidating
workplace
information

Modelling
views, remarks of process participants
related to process models

Individual views, remarks of stakeholder
(customer, user) related to work-relevant
dimensions

5. Synthesizing
improved
workplaces

Validation, optimization
To-be model, validation results, adapted
to-be model

Vision statement, storyboard

6. Prototyping Integration
UI-prototypes, process prototypes

Paper prototypes, documentation of user
interface ideas

7.
Implementation

Integration
Actor definition, role specification,
assignment of actors to roles, integration
with existing IT-systems

NA
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An enrichment of S-BPM models with context information to be able to support
contextual design has been presented in Bonaldi et al. (2011). In the contextual
design approach, this information is captured in five “work models” showing dif-
ferent aspects or dimensions of the work context (Beyer and Holtzblatt 1998;
Holtzblatt and Beyer 2014). Conceptual depictions of the five Contextual Design
work models are shown in Fig. 3.12.

The different models have been described in the literature (Beyer and Holtzblatt
1998; Holtzblatt and Beyer 2014). Various information elements could be derived
from published examples (Beyer and Holtzblatt 1998; Holtzblatt 2001; Holtzblatt
et al. 2005; Vilpola et al. 2006), and enriched with work on modelling context in
business process management (Saidani and Nurcan 2007; Rosemann et al. 2008;
Heravizadeh and Edmond 2008). The SO-PC-Pro development team derived sev-
eral information elements for each model:

1. Flow model: This model captures the communication/information dimension
of workplace context. It includes the following information elements:

• Role (formal or informal), e.g. assembly line worker, care-taker
• Task (to describe responsibilities of a role, e.g. assemble part, discuss safety

issues)
• Object (e.g. work bench, shipping document, receipt)
• Communication/collaboration relation (between roles)
• Generic relation (between roles, objects)
• Disturbances (problems, e.g. related to communication, tasks, objects)

2. Sequence model: This model captures activity dimension of workplace con-
text. It includes the following information elements:

• Organizational role
• Activities and their sequence

Fig. 3.12 Work models used in Contextual Design
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• Intent of activities
• Trigger
• Event
• Time/duration
• Disturbances (problems)

3. Physical model: This model captures the environment dimension of workplace
context. It includes the following information elements:

• Movements (e.g. direction, speed, route)
• Places/locations
• Physical objects in the environment
• Environment characteristics (e.g. light, humidity, noise)
• Map/floorplan
• Disturbances (problems)

4. Artefact model: This model captures the tool/document dimension of work-
place context. It includes the following information elements:

• Documents
• Structure of documents
• Tools (incl. physical and software tools)
• Information structure
• Disturbances (problems)

5. Cultural model: This model captures the social/cultural dimension of work-
place context. It includes the following information elements:

• Dependencies (e.g. hierarchical relations, perceived influences/expectations)
• Stakeholders
• Personal factors (e.g. physiological, mental, mood, expertise, stress, health,

cultural and personal values)
• Disturbances (problems)

Some of the information elements contained in the Contextual Design work
models can be associated as annotations with specific modelling elements of
S-BPM, thus enriching process information with context. Furthermore, information
elements from Contextual Design work models may be (partially) mapped to
S-BPM modelling elements as described in the subsequent sections.

S-BPM modelling elements partly overlap with Contextual Design work models
and may be used in order to represent Flow models and Sequence models. Fol-
lowing, a mapping for both model types to S-BPM elements is given in Table 3.3.
In this table, a checkmark indicates the overlapping of the constructs in S-BPM
diagrams and the Contextual Design Flow Model.
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Roles of Flow Models may be represented in Subject Interaction Diagrams as
subjects. Subjects represent a behaviour in a process and can be executed by a
person or technical system (i.e. actor). S-BPM also defines “role” as basic mod-
elling construct. In S-BPM, a role aggregates multiple subject behaviours and links
concrete actors with subject behaviours. However, existing modelling support tools
do not aim to graphically depict roles in Subject Interaction Diagrams. Roles are
configured separately as properties of subjects. The representation of tasks for a role
in Flow models may be depicted in a Subject Interaction Diagram as textual
annotation for a subject. Tasks of a role within a concrete process could also be
represented as functions (do, send, receive) in Subject Behaviour Diagrams.
However, for an initial high-level model comprising roles, their interaction and
tasks of a role, it is recommended to model tasks as textual annotations.

Objects (e.g. shipping document, receipt) of Flow models may be represented
using the corresponding S-BPM modelling element “business object”. Communi-
cation Relations of Flow models may be represented in Subject Interaction Dia-
grams as message flows. Regarding message flows, S-BPM offers the possibility to
depict the message name and the objects (e.g. documents, forms) that are
exchanged between subjects. Generic Relations between subjects are not part of the
language definition. In order to include this information in S-BPM models, the
respective subjects can be annotated with reference to the according Contextual
Design work model showing these generic relations.

In Flow models flash symbols are used to indicate disturbances related to roles,
tasks, relations or objects. Equivalently, a modeller may use yellow or red flags to
indicate such disturbances related to the given modelling elements. Subsequently, a
Flow model created with Metasonic Suite is depicted in Fig. 3.13 to illustrate the
defined mapping given in Table 3.3. The model comprises four different subjects:
Technologist, Production manager, Worker, Quality Control. The Technologist
handles customer orders and defines required operations, estimated times for each
production step and the required blueprint. In case a CNC programme is required,
the technologist writes the programme after a request from the worker. Problems for
the Technologist arise related to the time estimations for certain operations. They
are considered unrealistic by the workers. This disturbance is indicated through the
red flag number 1 in Fig. 3.13. Further disturbances are indicated related to the task
“prepare workplace” which is performed by the worker (cf. flag number 2). In this
case required tools and materials are regularly not available. A third disturbance is
depicted related to the object “produced part” (cf. flag number 3)—some parts are
lost in the shop floor and the reason has not been identified so far.

Sequence models from Contextual Design focus on the activity dimension of
workplaces. Activities and their sequences are depicted in S-BPM for each subject
separately within a Subject Behaviour Diagram. In the following, Table 3.4 depicts
a mapping of modelling constructs defined in Sequence Models and Subject
Behaviour Diagrams.
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Sequences in Subject Behaviour Diagrams are either triggered by specific states
(start states) or receive states. To indicate the intention or purpose of an action,
textual annotations on states or flows may be defined. Events may be modelled as
receive or send states. Activities are equally to function states in Subject Behaviour
diagrams. The sequence of activities may be represented as sequence or message
flows. Regarding disturbances, a modeller may use annotation elements to indicate
problems related to the modelling elements. Following, the behaviour of the
technologist represented in the Flow model in Fig. 3.13 is depicted in Fig. 3.14.
The internal behaviour is enriched using textual annotations for INTENT and
TRIGGER. Furthermore, red flags are used to indicate disturbances.

The mapping of both, flow models and sequence models from Contextual
Design to S-BPM modelling constructs is intended to show the feasibility of using
S-BPM as alternative for these models. As an advantage S-BPM models provide the
capability to immediately validate the communication and coordination among
subjects via IT-supported role-plays. Furthermore, the modelling and implemen-
tation effort related to an executable workflow can be significantly reduced, since
S-BPM models can serve as basis for generating the required software.

As described above, Flow models and Sequence models from Contextual Design
can be mapped to Subject Interaction and Subject Behaviour Diagrams. For the
remaining diagrams a direct mapping requires additional effort, since Artefact
models, Physical models and Cultural models focus on different information cat-
egories. Some information elements within these models can be modelled as
attributes of existing S-BPM modelling elements, adding valuable contextual
details. Other information elements can be seen as being subsumed in existing
S-BPM modelling elements. An overview of S-BPM elements and their definitions,
and the subsumption and extension relationships with contextual information ele-
ments is shown below (Tables 3.5, 3.6, 3.7, 3.8, 3.9 and 3.10).

Fig. 3.13 Example mapping of a Flow model to a Subject Interaction Diagram
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Fig. 3.14 Example mapping of a Sequence Model to a Subject Behaviour Diagram

Table 3.5 Subject definition and contextual information subsumption/extension

A subject is a process-related functionality to be executed by an actor

subsumes:
• Responsibility
• Intent (in a sequence model: what is the overall goal/functionality of the set
of activities)

is extended
by:
N/A

Table 3.6 Role definition
and contextual information
subsumption/extension

A role is an organizational position
aggregating multiple process-related
functionalities (similar to a “job description”)

subsumes:
• Role

is extended by:
N/A
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Table 3.7 Actor definition and contextual information subsumption/extension

An actor is the person or technical system executing a subject

subsumes:
• Individual

is extended by:
• Expectations, needs, values, wishes, strategies
• Influences between actors (cultural/social) Disturbances

Table 3.8 Message definition and contextual information subsumption/extension

A message is a piece of information exchanged between subjects

subsumes:
• Communication

is extended by:
• Location of the communication
• Disturbances, disruptions

Table 3.9 Business object definition and contextual information subsumption/extension

A business object is a data structure that is created or edited by a subject. It can be associated
with a message to be passed from one subject to another

subsumes:
• Artefact (as abstract, virtual
representation of information)

is extended by:
• Physical representation of the business object:
structure, layout, texture, colour etc. of documents or
other objects

• Physical interaction with the artefact (affordances)
• History of affordances (How was it used previously?
How is it used now?)

• Disturbances

Table 3.10 State (being part of subject behaviours) definition and contextual information
subsumption/extension

A state is the activity in which a subject can engage. There are three types of states: function
states (“what do I need to do”), receive states (“what do I receive from another subject”), and
send states (“what do I provide to another subject”). States are interconnected by transitions

subsumes:
• Steps
• Sequence, loops, branches
• Trigger/event
(subsumed by a message being
received)

is extended by:
• Intent of individual states
• Location of the behaviour and its physical
environment

• Physical description of activities and interactions
with objects

• Tools used for carrying out the activities (hardware,
software)

• Disturbances
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3.3.2 Designing and Executing Organizational Structures
for Active Involvement and Empowerment
of Organizational Actors

Aside from applying S-BPM as means to elicit context-sensitive workplace
knowledge and to develop a shared understanding and alignment among work-
places, S-BPM models can be developed fostering the involvement and empow-
erment of people in organizations.

The notion of people-centeredness is generally viewed as a particular charac-
teristic or quality of a production workplace, describing a state in which the
physical, sociocultural, operational and economic workplace environment is closely
aligned with the needs of the people working in that environment. Striving for such
a state is the goal of any production company concerned about the well-being of its
workers. Thus, people-centred technologies should aim to support this quest based
on a view of people-centeredness as a process rather than a state of affairs. Such a
view takes into account the dynamics of both the production environment and the
worker’s needs. Workplaces need to be continuously adapted to make
people-centeredness truly sustainable rather than the result of a one-off improve-
ment project.

One effect of this view is that changes need to be considered as first-order
citizens of a people-centred workplace. Changes can be related to various aspects
(e.g. the physical work environment, work procedures and instruments) and may
occur at different levels, e.g.:

• The requirements level: relating to changes in the environment impacting the
company, including external (e.g. new legislation or competitive environment)
and internal influences (e.g. novel company policies)

• The model level: relating to changes in (normative) descriptions of workplaces,
including process models and (possibly) associated contextual information

• The instance level: changes in resources or running instances of a process

Changes rarely occur in isolation. A single change can trigger a set of other
changes (at model and instance level) that need to be taken into account. Change
propagation analysis aims to investigate how a local change (occurring at
requirement, model or instance level) can lead to other changes and to checks
whether existing constraints, rules or the structural and behavioural soundness of
processes are violated (Rinderle et al. 2004; Fdhila et al. 2015). For instance, many
workplace improvement suggestions provided by workers are not limited to a single
workplace or worker. When sharing information about the work context, tools and
interactions with other workers, it is often the case that a suggestion made by a
worker also affects his/her co-workers. Similarly, when changes occur in real-life
process executions, it is very likely that the model has to be adapted as a conse-
quence, e.g. to avoid the violation of constraints such as norms for quality
assurance.
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A prerequisite for change propagation analysis is the identification (or “acqui-
sition”) of initial local changes. For the purpose of suggestion and idea collection,
people in a company pose a valuable source of information as they can be con-
sidered domain experts in their field of activity (cf. Fairbank and Williams 2001;
Setiawan et al. 2011). Research in the fields of employee involvement and
empowerment suggests that the involvement of people in organizational innovation
processes has the potential to lead to substantial improvements and financial ben-
efits (cf. Fairbank and Williams 2001). However, adequate organizational structures
and tool support for collecting suggestions and evaluating them is required (cf.
Fairbank and Williams 2001).

Collecting local changes, suggestions or errors require a collective effort
engaging workers who contribute their suggestions for workplace enhancement, as
well as collaboration when keeping track of the actual data to be analysed for
detecting changes. Collecting input for change propagation and impact localization
analysis thus need a collaborative environment in which issues, suggestions and
process data can be collected, shared and discussed with others. In this regard,
S-BPM processes may be designed to digitize “Suggestion making processes”,
“Error reporting processes” and to provide basis for change propagation analysis.
The case presented in Chap. 5 will describe the design and implementation of such
an endeavour at an Italian SME.

3.4 Conclusive Summary

The aim of this chapter was to investigate capabilities and potentials of the S-BPM
application within the context of future production systems. Thereby, taking the
socio-technical system perspectives (introduced in Chap. 2) has been continued and
the potentials and capabilities are structured along the dimensions technology,
organization and human.

Recent technological developments in the field of S-BPM target towards process
integration among different levels of control. Section 3.1 presents the traditional
automation pyramid and S-BPM prototypes that allow for integration across dif-
ferent levels of control. Aside, this section presents an innovative approach to
system integration in production companies based on the so-called automation
diabolo. In this context, S-BPM can act as middleware exhibiting the communi-
cation model between different system participants.

Since technology only serves as enabler for better workplace design, addition-
ally, requirements stemming from organizational development have been revisited
and discussed with respect to the S-BPM approach in Sect. 3.2. In this regard,
S-BPM may serve to represent and (partially) automate work practices in a
bottom-up manner. Thereby, the involvement of domain experts/users is empha-
sized in order to empower people to become active workplace redesigners and tailor
solutions to dedicated workplace requirements.
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The potential of S-BPM to support humans in organizations has been discussed
twofold. On the one hand, the enrichment of the S-BPM approach with contextual
design elements aims to provide a comprehensive approach to capturing and
designing work practices in production industries. On the other hand, S-BPM
enables designing organizational structures that foster active involvement and the
empowerment of people as discussed in Sect. 3.3.2.
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4Lot-Size One Production
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Abstract
This case reports on an SME offering the production of atypical, unique and
special-purpose machinery, equipment and technological complex units useful
particularly in the automotive and electronic industries. The initial situation
reveals challenges like the estimation of production times for one-time
prototypes, lack of communication between shop floor workers and technolo-
gists, lack of information on upcoming production tasks for workplaces, low
involvement of workers in decision processes, and lack of information on current
state of production. The proposed subject-oriented solution targets to increase
the worker autonomy, the worker involvement and information transparency as
well as integration across all organizational control layers. In this respect,
subject-orientation is applied to integrate real-time information from the shop
floor (e.g. location information of parts, power consumption of machines) and
business processes (e.g. customer order). A novel S-BPM modelling approach
has been developed in the course of organizational design that seeks to model
subjects as fine-grained behaviours of actors rather than functional roles. The
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revealed behaviours may be assigned to actors (i.e. humans, machines)
depending on their capabilities and skills. This allows for dynamic allocation
of tasks to humans and machines, process execution support based on skill
levels, reflecting performed behaviours of actors and (de-)constructing organi-
zational behaviours. The evaluation is composed of formative and summative
elements. The formative evaluation reports on findings based on developer
workshops, focus groups and user tests that were conducted in parallel to the
design and implementation to ensure a user-centred approach. The summative
evaluation reports on findings related to the outcome of the case implementations
at the SME.

4.1 Elicitation and Analysis of the Initial Situation

The case described in this chapter has occurred in a manufacturing SME called
“Company A” in Slovakia. This company was established in 1990 and is operating
in the field of precise mechanical engineering, ranging from mechanical nodes,
operational units and systems to special single-purpose machines and technological
complexes, including control systems. Until recently it also performed the devel-
opment, construction and project planning of such devices. In addition to its
extensive modern technological equipment including CNC (Computerized
Numerical Control) machines, measuring devices and other tools, the company
relies on a broad team of engineers and shop floor workers.

Company A produces atypical, unique and special-purpose machinery, equip-
ment and technological complexes (including electronic control systems). Its reg-
ular customers are from the automotive and electrical industries. The company
production includes the manufacturing of high-precision components by chip
machining as well as using unconventional methods of IT 4 class metalworking,
encompassing general 3- to 5-D surfaces.

The case analysis and definition involved a range of activities

• Factory visits of project partners
• Face-to-face workshop with project partners (brainstorming sessions, interviews

with management and employees)
• Definition of key terminologies ensuring common understanding of partners
• Remote conference calls to further specify the use case
• Discussions and interviews with workers and engineers
• Definition of goals, objectives and criteria by each partner.
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4.1.1 Management Workshop

The definition of possible focus areas of the case started with an initial workshop at
Company A. One member of Company A’s management team and members of the
several SO-PC-Pro partners (Regional IT consultant, HCI consultant, hardware
developer, S-BPM system provider, JKU researcher) joined this workshop. The
goal was to

• Identify and analyze areas of improvement or production problems
• Create ideas to address possible solutions
• Depict possible use case scenarios, and
• Prioritize the results at the end of the workshop in order to focus work and align

work packages

The workshop’s participants started with a brainstorming session to identify
possible areas of improvement. The discussion among the partners led to the def-
inition of the following six use case candidates:

1. Decentralized coordination of workers in the production process

In the initial situation, workers operate on the shop floor and do not usually gain
insight into production planning. This leads to centralized coordination of tasks by
the management, which on the other hand may lead to inefficiencies and unnec-
essary idle times. Decentralized coordination of work tasks and involvement of
workers in operative planning of tasks at the shop floor is envisioned as solution to
this problem.

2. Task assignment by workers

Workers gain autonomy in choosing their work task at the shop floor. This could
increase self-efficacy and is believed to shorten idle times of machines and workers.

3. Proactive maintenance of the machines

If machines on the shop floor need to be maintained, these machines cannot be used
for production. Therefore, a proactive maintenance of the machines during idle
times would increase productivity—machines would be out of order to a lesser
extent.

4. Material tracking

Another issue at Company A is the predictability of delivery dates of finished work
pieces. Due to the prototype-based production setting nearly every piece has a
different production plan. Therefore, it is not easy to track material and unfinished
work pieces on their way through the shop floor, because pieces have different
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routes. Location sensing could ensure traceability and tracking capabilities for
produced work pieces.

5. Machining task complexity versus worker skill level prediction and management
complexity of the new parts

The production planning of new work pieces always takes place in the techno-
logical preparation office. It is primarily based on the experience of technologists.
The introduction of indicators for task complexity and required worker skill level
could help technologists to estimate needed work time. As a result, a better esti-
mation regarding the needed production time for new work pieces could be
calculated.

6. Making use of the idle time

When workers are waiting for a machining task, they usually have to wait until this
task is finished. Workers could prepare their next steps during this idle time (e.g. get
tools for the next operation), if they could get insight into the production plan. On
the other hand, the machining task has to be observed by sensors to ensure that
workers get notified in case a manual intervention is necessary.

The identified use case candidates were then evaluated according to five
dimensions as the next step. These dimensions were derived with respect to the
overall goals and the specified work packages of the SO-PC-Pro project. The five
dimensions are

• Aspects regarding process automation
• Human-centeredness aspects
• Impact on Company A’s management and effectiveness of production
• Potential usage of S-BPM for supporting communication and execution
• Degree of involvement of the project partners.

The first use case candidate was prioritized highest after the discussion along
these dimensions. It was additionally possible to extend this use case with elements
of the other candidates. However, proactive maintenance of machines was dropped
after this discussion.

4.1.2 Interviewing the Employees

The next step in identifying areas of improvement was to conduct semi-structured
interviews with various employees of the company. The result of the initial
workshop was taken into account for structuring the interview, however, employees
were able to address their problems without reservations. The in-depth interviews
revealed the following four use case candidates from the employees’ perspective.
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1. Monitoring tools on the shop floor to decrease production postponing

Employees reported during the interviews that tools cannot be found on the shop
floor occasionally. The finding process involves production manager as well as
employees. Therefore, it would help workers to track the location of tools, and it
would increase productivity as it decreases preparation time.

2. Communication improvement between workers on the shop floor, technologists
and production management

Shop floor workers commented on unrealistic and improvable time estimations of
technologists. They mentioned fostering communication of all involved parties in
the production process as significant potential for improvement.

3. Proactive machine maintenance

The periodic maintenance of machines can be postponed by shop floor workers.
Thus, machines are not maintained in time, rather too late, namely in the event of an
error. Proactive maintenance could help to reduce machine breakdowns.

4. Cooperation on production time estimation

Shop floor workers want to participate in estimating production time to avoid
unnecessary time pressure, because time estimations were perceived rather opti-
mistic at that time. This issue was addressed in the interviews in the context of
improving communication among employees.

The following paragraphs highlight selected statements from the conducted
interviews. The citations have been translated and edited for readability

It’s a constant struggle to satisfy our customers, to ensure quality, and also quantity. It is
about finding a balance between these dimensions. Hopefully this project helps to make
things easier and provides an improved management system taking a different perspective
on the production operation of the company. The current system is outdated and not the
right one. New IT systems are more flexible, and help the management of the company to
operate more efficiently and flexibly. (An employee on the everyday work at Company A)

The human represents a major influencing factor, I think that simply providing a new
system is not a good solution…Work procedures should be more standardized. However,
this is challenging due to the fact that our company offers single-piece production and more
or less prototyping. We do not do serial production, and repeatability is rather low… I
would estimate 20 % of the orders. The introduction of a new system for reducing the waste
of time in production will be challenging. The new system should provide information on
the current distribution of tools among dedicated locations (e.g. workplaces or the tool
warehouse). Workers often require a tool which is currently used by someone else or even
not available on the shop floor at all. In the latter case, the work task needs to be interrupted
and the shop floor leader needs to procure the necessary tool. Such cases lead to my opinion
to severe delays and waste of time. (An employee on the possibility of introducing a new
system solving the waste of time in production)
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Every worker receives the work to be done on the shelf related to his workplace in terms of
the blueprint and the material/part required to perform a given operation. A worker is
supposed to deal with orders on the shelf according to the deadlines on the blueprint. Of
course there are situations, when the management tells a worker: This order is now more
important, work on this. However, people are diverse – sometimes they choose what they
want, and change planned sequences. That is how people actually perform work today. (An
employee on the lack of autonomy regarding task selection)

Work became much harder, in former times it was easier. We have had small serial
production and also single-piece production. However, in both cases the estimation of the
actual production time is hard to estimate. Someone (a technologist or production manager)
estimates a time for a certain manufacturing operation, and even that time is five times
smaller than the actual time, workers need to deal with it. It dishonours our work. I have no
clue why they always decrease the time in order to increase our work speed, I really don’t
know. (An employee on the difficulty of accurate time estimations)

The communication between involved people – technologist, shop floor leader, worker – is
important. Typically, workers are the last one in the design of the manufacturing operations
for a certain order. However, workers know how to perform manufacturing operations
best… Therefore, direct communication between the technologists and shop floor workers
is important.

Technologists should definitely visit the shop floor more frequently. There is a lack in
communication with respect to the times for manufacturing operations technologist indicate
on the blueprints. A technologist should be more interested, he should inform about pro-
duction opportunities. We (technologist, worker) should communicate more, since more
heads are better than one.

(Two employees on the importance of communication between different departments)

The current tool tracking works as follows. There is a database storing the tools and tasks
assigned to a workplace. This database is manually updated by the shop floor leader when
someone e.g. finishes a task, or takes a tool from the tool warehouse. However, sometimes
the data in the database are not updated, or the tool is left at a workplace even though the
database is updated. Then, the shop floor leader or the worker need to search the tool and
valuable time is wasted. (An employee on the issue of misplaced tools)

Machine maintenance has not been working very well lately. Only when a machine breaks
down, an error is handled. Regarding the regular maintenance, each machine defines
maintenance intervals. My machine displays a required maintenance. However, one may
easily reset the maintenance interval and proceed working without any maintenance. This
results in the fact that workers ignore maintenance until the machine breaks down. (An
employee on the machines maintenance)

4.1.3 Analysis and Goal Definition

Based on joint discussions of the project team, the list of problems at Company A
has been defined. On this basis, the problems have been addressed by different use
cases. The common agreement singled out the first use case candidate of the initial
workshop as the most appropriate and most important use case. Its importance was
confirmed by the in-depth interviews with the shop floor workers.
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The results of the workshop and the interviews were summarized subsequently.
When doing so, the following hindering factors have been identified:

• The one-time production of prototypes (batch size = 1) challenges time
estimation

• Lost material/parts and tools
• Lack of communication between workers on the shop floor, technologists and

production management (e.g. on-time estimations, possible process
optimizations)

• Workers lack of information considering upcoming manufacturing tasks which
could be beneficial to prepare in advance and make use of the idle time

• Production manager is a single point of failure. He needs to distribute parts
across different workplaces manually and, therefore, lacks time for planning and
monitoring

• Machined parts are often forgotten on the shelf, which affect the production
fluency. There is also missing information about when a task started or ended
(this information is inserted in the internal production software by the produc-
tion manager after certain period of time)

• The current production control system cannot measure the time taken for each
manufacturing step at a workstation. The system is not capable of automatically
monitoring the current production status of a given part. It depends on manual
data input by the production manager. Furthermore, it cannot trace the location
and therefore provide tracking information in case parts are lost

• Prioritizing of task/orders/production steps is not documented in the system and
easily accessible

• There is a lack of worker-to-worker and worker-to-management communica-
tion. This often causes interruption of production fluency by, e.g. forgetting to
machine a part or to deliver a machined part to another workplace. Commu-
nication is then triggered only in case of a problem

The goals and objectives considering this use case have been defined collabo-
ratively with the project partners. In a further step, each project partner contributing
to this case defined goals and objectives relevant from its point of view. The
following consolidated list comprises goals and objectives which are addressed in
this use case (also see Table 4.1). It is the result of an iterative process aiming for
aligning the partners’ viewpoints.

Optimized production processes through automation support are the umbrella
goal for the three main goals identified for the case implementation. The first main
goal is the decentralization of task assignments. This goal is composed of the
following two objectives:

• Support employees’ work-autonomy by self-determined task selection in
alignment with the overall production plan

• Involve workers in the decentralized distribution of work pieces in line with the
production plan.
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The decentralized assignment of tasks follows the idea to decrease operational
effort of the production manager and increase the autonomy of the worker. To do
so, workers should be enabled to select manufacturing tasks individually on the
basis of the current production plan. Support information could be a prioritized list
of upcoming manufacturing tasks as well as already estimated manufacturing times.
This information would also allow workers to plan ahead within the context of their
workplace and for example, make use of the idle time by preparing for upcoming
work tasks. Beyond that, the first goal comprises the involvement of workers in the
distribution of parts, e.g. workers bring proactive parts to the next station within the
idle time or they get parts to be manufactured from other workers.

Facilitation of real-time production state tracking is the second main goal in
this use case. This goal will be achieved by reaching two objectives. These
objectives mainly address the issue regarding lost parts and tools.

The increase of the transparency of material/part location by real-time tracking
on the shop floor focuses on providing information about the actual production
state. Having this real-time information allows on the one hand for a better over-
view of the production from the production manager’s view point (e.g. production
planning, estimation) and on the other hand gives the workers information about
upcoming tasks, and thus, improves task preparation (e.g. preparation of programs).

The reduction of time needed to search for lost tools and parts/materials does not
focus on providing status, but rather on actual location information. It could reduce
the time needed to search for certain part/tools. Moreover, the availability of this
data supports the workers in the decentralized distribution of work pieces as
described above.

The third main goal covers the improvement of mutual information exchange
between subjects. Subjects are actors within processes and can be represented by
either humans or machines involved in the manufacturing process. This goal is
detailed by the following four objectives:

• Improving human 2 human communication
• Improving human 2 machine communication
• Improving machine 2 human communication
• Improving machine 2 machine communication

The improvement of human 2 human communication comprises, e.g. the
improvement of communication between worker and technical planner on time
estimations in terms of the alignment and negotiation of estimated and actual
manufacturing times. The improvement of human 2 machine communication
addresses an easy and non-obstructive support for workers to capture information
on ongoing manufacturing tasks. This also relates to the second goal in terms of
capturing production states in real time. The improvement of machine 2 human
communication focuses on providing workers with comprehensive, relevant con-
textual information such as upcoming tasks and the ongoing production status. The
forth objective addresses seamless information exchange between production
machines and the production planning systems, e.g. integration of production
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control and planning system with information provided by machines about current
state. For each objective, measurement criteria and methods were defined. Generally,
the measurement of objectives comprised qualitative as well as quantitative data.

Overall, the current situation, goals and objectives, the scope and an initial
solution idea were defined within the initial use case definition activities. Fur-
thermore, the implementation strategy, testing and evaluation as well as potential
risks related to the uses case were defined. Based upon the initial use case defini-
tion, additional workshops have been conducted to elicit and narrow down orga-
nizational, functional and technical requirements. These requirements are described
in terms of S-BPM processes and user stories in the subsequent sections.

4.1.4 Defining Requirements

4.1.4.1 Organizational Requirements
To improve the quality of the production process at Company A, it is essential to
collect production data in real time, particularly information about the current status
of individual production operations and the current location of work pieces. Cur-
rently this information is captured manually by the production manager, leading to

Table 4.1 Consolidated goals and objectives

Overall goal Goal Objective

Optimized production
processes through
automation support

Decentralization of task
assignment

Support employees work-autonomy by
self-determined task selection in alignment
with overall production plan

Involve workers in the decentralized
distribution of work pieces in line with the
production plan

Facilitation of real-time
production state tracking

Increase transparency of material/part
location by real-time tracking on the shop
floor

Reduction of time needed to search for lost
tools and parts/materials

Improvement of mutual
information exchange
between subjects

Improve H2H communication (e.g.
communication between worker and
technical planner on time estimations)

Improve H2M communication (e.g. easy
and non-obstructive support for workers to
capture information on ongoing
manufacturing tasks)

Improve M2H communication (e.g.
comprehensive information of workers on
upcoming tasks and ongoing production
status, relevant contextual information)

Improve M2M communication (integration
of production control and planning system
with information provided by machines
about current state)
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time delays and potential errors. The proposed solution will automate the produc-
tion process, and move the collection of data closer to the production process, by
enabling employees and machines to directly access the data in a decentralized way.
The solution will be based on an extension of the subject-oriented methodology,
consisting of executable models of interacting entities (called the “subjects”) rep-
resenting human operators and machines. Interactions include conveying different
types of data, namely, about the status of operations, operators and work
pieces/material. They can all be described as messages between subjects that can be
interpreted by a subject-oriented workflow execution engine. This allows for the
integrated execution, monitoring and analysis of production data, and real-time
visibility of production operations. As a result, production orders can be prioritized,
providing better guidance for workers when selecting tasks and coordinating their
work steps.

Figure 4.1 shows how production is organized at Company A today, using a
Subject Interaction Diagram. In the process model, the following subjects (i.e.
process-centric roles) are included

• Technologist
• Production Manager
• Worker (shop floor)
• Quality Assurance
• Warehouse Manager

Fig. 4.1 The as-is production process at Company A
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The initial task of the process is the preparation of a technical specification by
the Technologist. After receiving a customer order, the Technologist prepares a
technical specification, which comprises the list of required material, the defined
technological steps, time estimations for each step, and the required manufacturing
precision. These specifications are documented in written form and stored in a
production management system, from which a printout, called “blueprint”, is pro-
duced and given to the Production Manager.

Upon receiving the blueprint, the Production Manager firstly checks with the
Warehouse Manager for the availability of required material. If the material is in
stock, the Warehouse Manager will provide it directly to the Production Manager;
otherwise it will first need to be ordered. The Production Manager assigns to each
task defined in the blueprint a particular Worker and Machine, writing this data
directly into the production management system. A printout of the production plan
is then produced and associated with technical documentation and the corre-
sponding raw material. Subsequently, the Production Manager brings this set of
information and material to a small storage shelf near the workplace (i.e. machine
and worker) where the first production step is to be executed.

After receiving the task, the Worker checks for the tools required (e.g. milling
tool, drilling tool, etc.). If a CNC machine code is needed, the Worker requests it
from the Technologist, either directly or via the Production Manager. The Tech-
nologist prepares the code and uploads it to a central file server with a unique
identifier consisting of order id, machine id and operation id. While waiting for the
CNC code, the Worker prepares the workplace and puts the raw material into the
machine. Each machine is connected to central file server via Ethernet, so the
Worker can find the code, upload it to the machine, validate it and start machining.
When the machining operation is finished, the Worker takes out the machined part
and puts it on a storage shelf for machined parts. On the production plan, he writes
down the time he needed to machine the part. Then, the Production Manager takes
the machined part from the shelf and moves it to next workplace. This process is
repeated until the last production step is reached.

The last step of the production process is the quality check performed by the
Quality Manager. The Quality Manager is responsible for measuring the actual
dimensions of the parts produced and checking them against required precision
criteria and technical standards. The output is a quality report that includes infor-
mation on whether the part fulfils desired quality criteria. If the quality has been
found insufficient, the Production Manager, in cooperation with the Technologist,
devises possible solutions to fix the defects of the part or decides to discard the part
and restart the production process.

The current production management system is highly heterogeneous and not
sufficient for the needs of Company A. It consists of three independent modules:
planning, accounting and warehouse management. It does not support communi-
cation via Web services. The database side is not documented well. Consequently,
it is almost impossible to ensure correct data exchange between systems, which is
crucial for production purposes.
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An initial solution idea for the to-be model of the production process is shown in
Fig. 4.2, representing an improved production process with two additional subjects:
Machine equipped with sensor and Production Analyzer System.

The production process begins with the Technologist defining the required
production information (technical documentation): material, technological steps and
estimated time for preparation and production, and required manufacturing preci-
sion. Once he has completed this step, he sends this information electronically (via
a production planning system) to the Production Manager.

The Production Manager first checks for the availability of the required material
with assistance from the Production Analyzer System. If not in stock, the Pro-
duction Manager sends a request to the Warehouse Manager to order the desired
material. Then, he evaluates the technical documentation and assigns each task for
particular Workers and Machines using the Production Analyzer System. Each task
is associated with a plastic tray with sensor and the material or part to be machined.

After accepting a task, the Worker checks for availability of all required
resources (e.g. material, tools) and CNC codes, and prepares the machine. The
moment when he begins to prepare the workplace, the Worker should communicate
this state to the Production Analyzer System for time measurement purposes
(preparation time). When the Worker clamps the part into the machine, optionally
loads the CNC code, he should communicate the state “production start” to the
Production Analyzer System.

Fig. 4.2 To-be production process at Company A
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Each machine (in the scope of this project) will be equipped with a power
consumption sensor attached to machine’s power cord. This sensor is crucial to get
information whether there is a part being processed on the machine by measuring
the amount of power consumption. When power consumption converges to zero, it
indicates that the machining operation is almost finished. The system then sends a
notification to the Worker.

After taking the processed part out of the machine, the Worker should do a quick
quality check. If the Worker finds a defect, he should immediately notify the
Production Manager about this situation. The Production Manager then decides
whether the part is repairable or restarts production from scratch. The Worker
should notify the Production Analyzer System of the time needed for preparation
and processing. After confirming the completion of a part, by writing a production
report, the Production Analyzer System determines the next operation and notifies
the relevant Worker. Then, he takes the processed part with the plastic tray and
moves it to next workplace. On the shop floor, the plastic tray equipped with a
sensor in combination with wireless access points could provide real-time infor-
mation where the desired part is located on the shop floor.

The Production Analyzer System monitors the entire production process, gathers
signals from sensors via beacon devices as well as location data of parts and tools.
The Production Analyzer System also accepts data inputs from the Worker, the
Production Manager, the Quality Manager and the Warehouse Manager.

In the very last step of the process, the quality control should take place. The
Production Analyzer System notifies the Quality Manager when the quality check is
needed. After the Quality Manager has finished the quality check, he produces a
quality check report. If the part fails the quality check, the Quality Manager notifies
the Production Manager to take further decisions on how to resolve the issue.

4.1.4.2 Functional Requirements
In individual workshops with the management and the workers, user stories have
been applied to elicit (functional) requirements. A user story describes a usage
scenario using simple natural language. This ensures that all stakeholders, partic-
ularly the users of the system to be developed, can understand and contribute to the
specification of required system features. Every user story is concerned with exactly
one system feature to be implemented, including a description of who will use the
feature and for what kind of goal. The following list of user stories contains selected
user stories from a management workshop conducted at Company A (Table 4.2).

4.1.4.3 Technical Requirements
In addition to organizational and functional requirements, basic technical require-
ments have been defined as part of the requirements definition activities. These
requirements were classified into requirements related to (1) Company A, (2) the
S-BPM processing system and (3) potential sensors to be applied within the use
case.

Requirements related to Company A mainly address the availability of devices
to access the S-BPM processing system, network configuration, interface
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definitions to existing production support systems involved in the use case and a
server set-up for the S-BPM processing system. Requirements related to the S-BPM
processing system Metasonic Suite comprise the operating system and database
configuration. Requirements related to the sensor application are on the one hand
generic in terms of “not-invasive” (e.g. power metering of a machine) and on the
other hand include the compliance with OPC UA (IEC 62541) since a
vendor-independent implementation of interfaces between S-BPM processes and
sensors has been the target of Metasonic.

Table 4.2 User stories

Story
narrative

As a I want So that Priority Relation
to goal

Increased
task
autonomy

Machinist to define in which
order to perform “on
the shelf” tasks based
on a list of high and
low prioritized tasks

I can have a level of
freedom and variety
of complexity

2 1

Availability
of CNC
program

Machinist info on next 3 tasks
specifically CNC
program

I can upload it or
inform technologist
I don’t have it

5 3

Feedback on
quality

Machinist to have a detailed and
timely feedback on the
quality of a task

I can fully
understand what
was the failing

6 3

Quality
check
planning

Quality
Manager

to know how many
work pieces are in the
last processing stop
before quality check

I can plan my
working time

7 1,3,2

Planned time
exceeded

Technologist to get informed if my
planned time is
exceeded by more than
30 %

I can clarify the
reasons and
improve my
estimation of
problems during
production

8 –

Actual
energy
consumption
for machine

Production
Manager

to see the energy
consumption for a
specific machine at
specific time

I can check if a
machine is operated
by the worker

9 3

Which
workpieces
are at a
specific
machine

Production
Manager

to see the list of orders
at a workplace

I can optimize the
production plan

10 2

Error
notification
by worker

Production
Manager

the worker notifying
me if he makes an
operation error

I can manage the
issue

14 3

Note The numbers in the last column (“Relation to Goal”) relate to the use case goals specified in
Sect. 4.1.3: 1—Decentralization of task assignment; 2—Facilitation of real-time production state
tracking; 3—Improvement of mutual information exchange between subjects
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4.2 Process and Solution Design

The solution design and development followed a user-centred design approach.
Based on the people-centred workplace analysis and requirements specification,
first user interface prototypes and S-BPM process specifications were generated by
the regional IT consultant and the S-BPM platform provider Metasonic. Subse-
quently, the results of the initial solution design for the user interfaces are presented.

4.2.1 Prototyping User Interfaces

Dedicated user interfaces for workers in the shop floor and the management (pro-
duction manager, quality manager) have been designed. The user interfaces for
workers on the shop floor comprise the following functionalities:

• Provision of upcoming tasks and production information for individual
workplaces

• Propose change in task list to optimize workplace-related task sequence
(Fig. 4.4)

• Request CNC code (Fig. 4.5)
• Report error (Fig. 4.6)

Figure 4.3 displays the current ordered task list at a certain workplace on the
left-hand side. When selecting a certain task, the details appear in the main area. In
Fig. 4.3 a “cutting” task related to the order 14285 for Bosch is selected. For the
operation the order details, material details, technical operations and the technical
documentation may be checked by the worker. Two buttons on top allow to “start
production” (green button) or to “propose a change in the task sequence” (grey
button). When requesting a change in the proposed task sequence, a worker may
reorder the list and provide his rationale for the reordering request before sending it
to the production management (cf. Fig. 4.4). After requesting a change in the task
sequence, the changed tasks are displayed in grey on the left-hand side (cf.
Fig. 4.5). After starting a certain operation (cf. Fig. 4.5), a worker may report an
error (red button), request a CNC code, or finish the task without any CNC code
request. Reporting error (Fig. 4.6) is supported in the mock-up via a text field for
describing the error and a radio group for selecting the type of error. Thus,
context-sensitive error reporting is facilitated.

Additionally, interfaces dedicated to the production management have been
designed. Inspired by the Kanban approach, the UI designers proposed a Kanban
board-like visualization of the current state of production. Thus, the production
management may take a look at which tasks are for example currently assigned to
“Technological Planning”, “Plan Validation”, “Work Task Delegation” (cf.
Fig. 4.7). One may also filter the distribution, e.g. according to “Only Active
Tasks”, “Only Inactive Tasks”, or “Only my Tasks”.
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The Kanban View also allows checking details for certain views. For instance,
Fig. 4.8 displays the details for “Technological Planning”. Here, the technical
operations need to be defined for two orders, for one order the required material
needs to be defined, and for three orders the technical documentation needs to be
created. When selecting a certain operation (see Fig. 4.8), details are displayed on
the right-hand side (e.g. KPIs like average time for task, frequency of tasks, start
time).

Fig. 4.3 Provision of upcoming tasks and production information for individual workplaces

2. Confirm 
change and 
provide 
rationale

1. Propose 
sequence 
change

Fig. 4.4 Propose change in task list to optimize workplace-related task sequence
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Fig. 4.5 Request CNC code

Fig. 4.6 Report error
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4.2.2 Reframing S-BPM Models

The results of the initial analysis and design phase have been reviewed internally
and by external auditors from the project-funding agency. The critical feedback
related to the initial solution design comprised the following two aspects:

Fig. 4.7 Management Kanban View—overview

Fig. 4.8 Management Kanban View—details related to technological planning
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• The additional value of the S-BPM solution compared to existing standard
technologies was not immediately understood

• The potential change and improvement due to the S-BPM solution could not be
identified with respect to people-centred workplace (re)design

Additionally, Company A started in parallel a new project for implementing a
state-of-the-art production management system. The feedback and parallel devel-
opments required to highlight the benefit and additional value of the S-BPM project
developments and a clear separation of concerns. This triggered a change in per-
spective. Starting from the S-BPM solution, the researchers from the University
partner proposed an alternative, innovative approach to S-BPM modelling. Instead
of modelling subject in terms of coarse grain organizational roles (cf. Fig. 4.1
“Production Manager”, “Technologist”), the researchers proposed a more
fine-grained approach focusing on behaviours like “Plan Validation”, “Material
Inquiry”, or “Error reporting”. This behaviour-oriented approach to S-BPM mod-
elling structures organizational patterns in a more fine-grained way and depicts the
required communication for alignment between behaviours. A part of the alterna-
tive approach is depicted in Fig. 4.9 which shows the “Production Planning Pro-
cess” and its interfaces to “Manufacturing Preparation”, “Manufacturing”, and
“Quality Control”.

Fig. 4.9 Reframed—production planning process
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The original (role-centred) process design and the behaviour-centred process
design are different with respect to the following aspects:

• The original production process is divided into four separate processes
• The amount of subjects increases in the behaviour-oriented approach due to the

fine-grained modelling of functional behaviours as subjects. Overall, the amount
of subjects increased from 7 to 17 subjects

• Internal behaviours are simplified and the amount of modelling elements for
each subject is reduced. This is due to the decomposition of behaviours into
functional entities (! similar to encapsulation, modularization in software
engineering).

In S-BPM roles are used to aggregate subject behaviours. Taking the original
role-based approach, the role and the subject are potentially the same. Within the
new behaviour-oriented approach subjects represent “responsibilities”, or “func-
tional behaviours” that are aggregated by certain roles. The fine-grained modelling
approach supports the flexible assignment of responsibilities to certain roles and
organizational actors. Thus, rights and duties related to an employee may be
flexibly defined and dynamically changed based on, e.g. varying competences and
qualifications. For example, experienced workers may handle errors themselves,
whereas novices need to communicate with the production manager.

Furthermore, the approach allows generating competence profiles for certain
workers based on their role-subject assignment. Within organizational development
projects such behaviour-oriented models could be used to represent the as-is and
to-be situation. Changes could be revealed and supported with respect to (1) the
organizational structure in terms of authority and responsibility, (2) personnel
development or (3) process adaptations.

4.2.3 Soliciting Early Feedback

The solution design and development has been accompanied by formative evalu-
ation activities. Formative evaluation activities are typically conducted during the
design and development phase of a project. The formative evaluation design for this
case comprised several elements

• Short description of the evaluation element
• Functionality related to the evaluation element
• Technical key questions to be resolved
• User interaction key questions (Usability, Usefulness, Social Acceptance)
• Relevant stakeholders (users, technology provider, evaluators)
• Evaluation methods to be applied

Technical key questions have been discussed and resolved in dedicated devel-
oper workshops. (Social) Acceptance questions have been discussed with workers
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and the management in specific focus groups. In a third step, user tests addressing
usability, usefulness and acceptance have been conducted with a prototype.

4.2.3.1 Feedback Through Focus Groups
The worker-specific focus group involved overall seven workers representing dif-
ferent types of workplaces involved in the solution design (3� Milling Machine,
1� CNC Developer, 1� Technologist, 1� Quality Assurance and 1� Assembly).
In this focus group, the regional IT Consultant presented the mock-up prototypes of
the user interfaces dedicated to support the daily operations of workers, internal
communication on errors and task changes, as well as power metering and location
tracking support (cf. Sect. 4.2.1).

In general, the workers declared interest in the prototype supporting their daily
work. They appreciated that the prototype enables summarizing their daily work
plan, and thus they will have an opportunity to prepare better for upcoming tasks,
especially with respect to work tools and required material.

Regarding the CNC request support functionality, the workers agreed that it will
be very beneficial to see in advance whether the CNC program exists for the
upcoming tasks. Furthermore, they appreciate the opportunity to request this pro-
gram in advance. However, the workers mentioned that, at the moment they need to
decide whether a CNC program is required when a production task is assigned to
their workplace. One worker suggested that the technologist should already assess
whether a CNC program is required and ensure its in-time availability at the shop
floor workplace.

With respect to the provided error report functionality the workers provided the
following feedback: Errors related to individual components are approximately 30–
40 %. Less serious errors are fixed by experienced workers while more serious
errors need to be consulted with the production head who proposes a solution. They
appreciated the recording of errors and would also like to be able to reuse this
knowledge in future production situations. As common errors the workers identified
the following categories:

• Incorrect technical documentation causing errors in the production
• Material error (5 %)
• Error from the previous operation (previous production step)
• Error in the operations order

In addition to the error handling, workers may provide a production report to the
planning department. This enables reviewing differences between planned time and
real production time. The workers agreed that this opportunity may improve
planning and increase the efficiency handling of an entire order. However, they
noted that

(Time estimation) is a matter of understanding. When he (technologist) doesn’t want to
understand it…he can come, he can observe and notice what actually is required to conduct
a manufacturing operation…
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I have disputes with technologists…they never come to me asking: Why do you scold me?
They do not want to hear an answer. However, I would tell them.

Time estimation works as follows – a technologist writes down 2 h, a worker works 4 h.
The technologist gets back the manufacturing protocol and he corrects 4–3 h…but the
worker doesn’t know. Then they make some statistics claiming that workers miss 10 h. The
technologist is not forced to change the time estimations. They are not reflected in the final
product price. The pressure for the technologists is missing…

The technologist is limited by the sales price. Based on the actual production time the future
price should be negotiated.

Concerning the location tracking of parts and the real-time production state
tracking, the workers provided positive feedback, especially the assembly depart-
ment. This is reflected in the following statements:

This kind of information is useful for the assembly or for cooperation, i.e. departments
where tools and parts are collected. The current state is crucial for the assembly to plan
ahead. When 80 % is already produced, it is goof to know where the remaining 20 %
reside. Furthermore, it is useful for reporting urgent matters (e.g. delays). However, related
to tool tracking, it is not always possible to determine according to technological blueprint
whether a dedicated tool is needed for the assembly. Therefore, I could need information on
the location of certain tools.

It is always good to know what I can expect and plan…

The workers declared concerns regarding power consumption monitoring of
machines. They had concerns on the usage and interpretation of the measured data.
Especially, the workers were afraid that the management could use the numbers to
better measure the individual productivity of workers at a certain workplace. They
recommended to carefully interpret the data, since different tasks require different
effort in time for preparing task accomplishment. Hence, the operation time of the
machine should not be the only indicator of worker productivity. A worker stated to
that respect

It depends how the management will evaluate this kind of data…if it is measured or not, we
will work in the same way…given…the management will not take the power consumption
as the final number. Out of 8 h the spindle might only spin 1 and half hour…. the remaining
time might be required for preparation….

In the management focus group, the regional IT consultant presented both, the
mock-up prototypes for workers on the shop floor and the intertwined interactive
management view, so called Kanban View (cf. Sect. 4.2.1). The focus group with
the management comprised three managers, the sales manager, the production
manager and the manager of technological department.

With respect to the provision of feedback and reports related to time estimations
the management indicated the following: Feedback on the estimations has to be
justified. A common challenge is that the actual production time will always differ
depending on workers’ experience and work practice. Some workers note shorter
production times than real, others overstate the time actually needed for a certain
production task. However, the actual time should be measured and taken into
account within future planning cases to ensure profitability of production offers.
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Regarding the proposal of changes related to upcoming task list at a certain
workplace, the management noted that such a mechanism is already implemented,
but not supported by an IT system. Change proposals are basically noted on the
paper-based blueprints, either with stroking/deletion or some notes. The change in
the order of operations or tasks is also possible, but usually occur based on the
initiative of a supervisor. Furthermore, the management confirmed that the com-
munication does not work properly (e.g. between technologist and workers). The
management appreciates a solution to support transparent communication
between the different workplaces involved in production orders.

The designed Kanban View for the management allows tracking the current state
of production, e.g. checking what is in preparation, currently operated at a certain
machine, or in quality control. According to the perception of the management, the
Kanban tool may help to monitor the current state of production. Furthermore, the
management recognized that the system might also help to better support less
skilful workers in task planning and during task operation.

4.2.3.2 Feedback from User Tests
User tests were conducted involving three workers on the shop floor, in order to
assess the tablet interface already presented within the focus group. The tested
interface was developed by Metasonic and comprises the functionalities encoded in
the initial mock-up prototypes. However, the look and feel differed slightly from the
prototype, and only a reduced set of functionalities was available. In the user tests,
actual data from production were used to simulate a realistic work situation. Fur-
thermore, the tests were conducted at the actual workplaces of the users using a
portable tablet device.

During the test users were requested to “Select an upcoming task” from the “In
Preparation” list and subsequently (a) check the details, (b) check the required
materials, (c) check the operation description as well as (d) the documentation.
Furthermore, users were asked to “Request the CNC Code”, “Check part loca-
tion”, “Start production”, “Prepare a machine for predefined technological
operations” and to “Stop the production of a current task”.

The observation of the users during task accomplishment revealed the following:
The younger users (age 35 and 40) were able to accomplish the tasks within a few
seconds. However, an older user (60) struggled to navigate through the application,
since he was not used to tablets at all, and the basic user interaction concepts were
not familiar for him. Furthermore, the older user insisted from the very beginning
on the existing “paper based work style” he was used to work with—although he
agreed that all the information required to fulfil a certain work task is provided
within the application. Related to the interaction with the system, the observations
showed that two users were unable to determine the location of a part on the shop
floor, because they did not find the related user interface element. Moreover, within
the preparation of work task, workers required a program path not provided in the
user interface.

In summary, user 1 declared that the user interface was easy to use and to
navigate through, although he thought that information should be structured in a
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better way, and put in a single view, so e.g. he does not need to click to see the
detail of technological operation. In addition, user 1 appreciated the part-location
tracking support, and thought that this system would help better to communicate
with managers. User 2 noted that he would appreciate to see the list of predefined
tools in the operation detail screen as well as their availability and location.

Aside from interaction issues, significant performance issues in terms of long
response times could be observed during the user tests. This performance issues are
related to deploying the application on an old test server with limited capacity.
Furthermore, in two user tests the part location was not correctly retrieved. Hence,
system failures occurred and the system crashed.

4.2.3.3 Feedback from User Interaction Questionnaire
After each user had accomplished the tasks, they were asked to fill in a question-
naire. Using the questionnaire participants reported the perceived usefulness and the
perceived ease of use of the system as well as aspects concerning social acceptance.
Additionally, they have been asked to list most negative as well as positive aspects.
In total, three people filled in the questionnaire.

Listed negative aspects:

I think the iPad is not suitable to be used in the manufacturing environment. It could be
easily damaged or crashed. As well I think, that most of my colleagues won’t be able to
easily use the device, but for younger it won’t be problem.

I think that this system is more suitable for bigger productions than TC Contact.

For the work we are doing it sufficient to use the old system we’re used to work with.

One person also listed the following positive aspect:

Using this system I would definitely have better overview of my tasks, where the part is
located on the shop floor, when production begins and who is working on it.

The users were asked to indicate how unlikely or likely several statements were
on a scale from 1 (unlikely) to 7 (likely) or “Not applicable”. The statements were
clustered along the following dimensions:

1. Perceived usefulness
2. Perceived ease of use, and
3. Social acceptance of “Process Automation Support” prototype

1. Perceived usefulness: The younger users (age 35 and 40) indicated to some
extend at least that the “Process Automation Support” prototype is useful and would
increase their productivity. The older user (age 60) did not perceive the system to be
useful at all. All users rated the prototype more or less unlikely to improve their
productivity.

2. Perceived ease of use: Answers related to the ease of use indicated a positive
trend. The users seemed confident to find it easy to learn to operate the prototype
successfully. The older user did not find it very likely that the device could be easy
to use for him or that the system would be flexible when interacting with it.
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3. Social acceptance: In addition to usefulness and ease of use, the questionnaire
included items related to social acceptance. All three users indicated a positive trend
to having the knowledge, but not necessarily the resources to use the system.
Concerning emotions when using the “Process Automation Support” prototype, all
the users stated that the system was somewhat intimidating to them. They also
would hesitate a little bit to use the system, since they fear to make mistakes they
cannot correct.

The results of the user tests with workers need to be interpreted carefully, since
only three users interacted with the system. Nevertheless, the users seemed confi-
dent to be able to learn how to operate the system successfully. With respect to the
usefulness and the social acceptance of the prototype, improvements need to be
implemented in the final system. In particular, older users seemed reluctant to use
such a system. As consequences and measures, the following topics were derived to
be carefully considered within the case study implementation:

• Performance optimization of worker-related user interface
• Provision of path to CNC code within work task preparation view
• Increased visibility of user interface element for part location
• Facilitation of part location retrieval
• Provision of protective cover for tablet in order to decrease workers’ fear to

crash the tablet
• Clear and transparent communication of the usage of measured power metering

data to workers in order decrease resistance and fear
• Addressing adequate workplaces and workers with tablet solutions—it seems

older users are likely to be resistant to change

4.3 Case Implementation

In the case implementation the process models, the interfaces to existing systems,
the set-up of required hardware and the organizational implementation were
fine-tuned at Company A. In this section, especially the organizational and tech-
nical implementation will be described.

4.3.1 Organizational Implementation

4.3.1.1 Selected Workplaces
Overall, five workplaces (machines) on the shop floor were selected. The aim of the
selection was to choose a set of the principal workplaces most frequently involved
in the company’s production operations. At each workplace, one worker is oper-
ating the machine within a shift. The selected workplaces are listed below
(Fig. 4.10):
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• Turning Machine Mazák
• Milling Machine MCFV1060
• Milling Machine G. Master
• Milling Machine Huron
• Milling Machine DMG DMF260

In the case implementation, the selected workplaces have been equipped with iPod
touch devices to detect the location of active trackers related to parts (cf. Sect. 4.3.2).
Furthermore, iPads were installed at these workplaces as interface to the provided work
support system. The production management accessed the system via its office PCs.

4.3.1.2 Implemented S-BPM Process Support
The implemented S-BPM solution comprises overall seven process as depicted in
Fig. 4.11. Subsequently, these processes are described in more detail. In general,
Production Planning initiates Manufacturing Preparation. Manufacturing Prepara-
tion triggers the Manufacturing process that may result in Feedback on work
sequences, work durations, work plans, errors and quality, and necessary steps to
repair parts. Furthermore, a “location tracking” process is running continuously to
infer the location of parts relevant for “Manufacturing Preparation” and “Manu-
facturing”. Aside from the six core processes, the Master Data Management process
supports the configuration of available workplaces and devices.

Production Planning is the partial process that initiates a certain production
process. Thereby, the production manager assigns the tasks to certain workplaces
and releases the work order for manufacturing. The basic planning and definition of
operations and material related to an order is done within the ERP system (Dialog
3000) of Company A. The “Production Planning” subject interfaces the ERP sys-
tem and automatically retrieves relevant process data based on the order ID. The
“Production Planning” subject furthermore encodes the configuration of the

Fig. 4.10 Selected workplaces for the case implementation at Company A
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corresponding location tracker for an order. The “Work Task Delegation” auto-
matically distributes work tasks to the defined workplaces. Thus, workers will see
the assigned tasks in their list of upcoming work tasks (cf. “Worklist Checking”
Fig. 4.12) on their workplace-related tablet.

The tablet interface displays a list of upcoming tasks, tasks in preparation and
tasks already in production (subject “Worklist Checking”). In case a worker has
more than one upcoming task he can proceed with the following actions:

• Display task details
• Propose a change to task order
• Accept the task

If a worker proposes a change to the sequence of the worklist, the “Worklist
Change Approving” subject assigned to the production management is notified.
Upon the reception of a change proposal, the production management may evaluate
it, and either accept or deny it. Afterwards, the worker will immediately receive the
manager’s decision.

In case a worker does not propose any change, he may continue with preparing
the operation of the work task (subject Work Task Preparation—cf. Fig. 4.13). In
the preparation step, a detailed task description is shown, containing the following
information:

• Name of the order/task
• Pieces to be manufactured
• Material
• Predefined technological operations
• CNC code path
• Technical drawing (part blueprint)
• Part location

Fig. 4.11 S-BPM process overview
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If the required CNC code does not exist, the worker can decide either to request
CNC code from the technologist or to write it on his own, before starting the
machining operations (Fig. 4.13—subject “Work Task Processing”).

When a worker starts a production task (subject “Work Task Processing”—cf.
Fig. 4.14), the processes of measuring power consumption of the workplace-related
machine is initiated. Every minute the amount of the current power consumption is

Fig. 4.12 Production planning process

Fig. 4.13 Manufacturing preparation
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retrieved via an OPC UA-enabled power consumption metre (subject Power
Consumption Sensing). This data is stored in a dedicated business object of the
workflow system and allows the management checking the current status of a
machine (Standby, Rotating, Changing tool, Full load). Furthermore, the collected
data could be used to analyze actual times of machine operations related to pre- and
post-processing times. This information could be used for further improving time
estimations of operations.

After a machining operation is started, the worker is able to proceed with one of
the following actions:

• Report error (Subject Error Reporting)
• Report completion of manufacturing task (Subject Work Task Reporting)

When a worker discovers that a manufactured part is defective, he is able to
report that situation with his tablet. After clicking Report Error he can send detailed
information to the manager about the defect. In addition, he may propose steps for
fixing the defect, or request discarding the part and restarting the manufacturing
process.

When a machining operation is finished, the worker indicates this status by
pressing the Stop Production button on his tablet application. Subsequently, the
measurement of the power and the general work task reporting form is shown with

Fig. 4.14 Manufacturing process
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the work report summary. In this report form, a worker may add his feedback
regarding the manufacturing operations of the part.

In parallel to the manufacturing preparation and manufacturing processes a
“Location Tracker” process is running. This process updates the location of orders
within the shop floor based on active trackers and beacon devices (iPod touch)
which transmit the location of trackers to the central processing system.

The update interval of the tracking may be configured in the process model. In
the test scenario, an interval of 5 min was chosen.

The manually and automatically gathered data are summarized in the end of each
operation. Thereby, a worker may provide feedback to different workplace aspects

• Reporting change proposals (including the rationale for the change) to the
technologist and sales staff

• Time estimate comparison—the actual time spent on manufacturing versus the
time initially planned by the technologist

• Description of the error with proposal to repair/restart production

4.3.2 Technical Implementation

The technical case implementation considered the development and set-up of the
required hardware and software components at Company A. Figure 4.15 sketches
the system architecture in term of hardware and software components and the
mutual communication on a general level. Basically, each selected machining
workplace is enriched with a beacon device, a tablet for digitized work support and
a power consumption metre.

Custom trackers have been developed by the hardware developer of the project.
The trackers promote their presence via Bluetooth 4.0 to beacon devices nearby.
They integrate a Bluetooth 4.0 RF frontend, enabling the micro-controller to

Fig. 4.15 Company A—system architecture
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communicate wirelessly with a range of approximately 5 m with other Bluetooth
devices. Each tracker is equipped with four LEDs to indicate whether the unit is
powered, whether it is functioning correctly or not, and whether it is in proximity
range of a beacon. Location trackers broadcast every minute a signal that encodes
their identification number, to be detected by beacon devices.

As beacons Apple iPod Touch devices equipped with iOS version 9.2 are used.
An iPod app for gathering and transmitting data was built using the Objective-C
and iOS Framework. The beacon device represents the workplace it is attached to
for location tracking purposes. When the beacon receives the signal from a paired
tracker, it passes the tracker ID (encoded in the signal) via a Web service to the
backend, together with the signal strength in dBm. The lower the value of signal
strength, the greater the distance of the tracker from the beacon device (workplace)
and vice versa. This information is used by the Web service to derive the location of
the workpiece in terms of the beacon ID that has the highest signal strength for a
given tracker. The configuration of the beacon—workplace mapping and the tracker
ID and order ID mapping is supported via dedicated S-BPM process logic.

Additionally, workplaces were equipped with non-invasive power measurement
sensors. Specifically, Econ Sens3 Power metres were selected since they enable
non-invasive power measurement and the accessibility via the Matrikon OPC UA
Server. Thus, S-BPM process steps may retrieve data from the sensors via OPC UA
refinements (cf. Sect. 3.1.2). The measurement is carried out by applying the Hall
effect, without requiring any intervention in electric circuits of the device. The
metre is installed on the device feed phases, and its measurement loops are wrapped
around each of the three phases on the machine. Parameters such as voltage, fre-
quency and machine capacity can be measured using this device. The measuring
device is connected to the network via a standard RJ-45 connector and commu-
nicates based on standard Modbus TCP with the OPC UA Server.

The measurement of the current power consumption was intended to infer the
machine status and support the automatic determination of preparation-, machine
operation- and post-processing times. For inferring the machine status, heuristics
for reference values were required. Thus, for each type of machine, measurements
were performed to infer the status. For instance, Fig. 4.16 shows measurement
heuristics and machine states for the workplace DMG DMF260.

Fig. 4.16 Relationship between machine status and power consumption
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A third enrichment of the workplace represented the digitized work support via a
tablet and a responsive Web-based workflow user interface. The development of the
responsive Web-based user interface applied the presented approach by Kan-
nengiesser et al. (2016). Therefore, in addition to the core production process logic,
the user interface logic was modelled within S-BPM UI processes. These S-BPM
UI processes serve as basis for the Metasonic Suite to generate dynamic Web pages
using the bootstrap framework (http://getbootstrap.com) for responsive design.

Although the look and feel of the developed tablet application differs from the
initially developed mock-up prototypes (cf. Sect. 4.2.1), it encodes the main
functionalities defined. An example view display when producing a part is given in
Fig. 4.17.

Within the task list on the left-hand side of Fig. 4.17, each colour-coded rect-
angle group tasks into different manufacturing states

• The blue rectangle groups tasks which are awaited to be manufactured
• The yellow rectangle groups tasks for which the process of preparation began

but production has not yet started
• The green rectangle groups tasks for which manufacturing has already started

Fig. 4.17 Tablet view for producing a part
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In comparison with the workers, the management accesses the S-BPM pro-
cessing support via its office PC and the installed Web browser. The developed
Kanban UI (cf. Figs. 4.7 and 4.8) represents a Web application accessible via any
Web browser. Again, this is a custom interface developed for the case, since the
generic Metasonic UI was deemed too rigid and complex.

The “Workflow Execution Support Environment”, the “Matrikon OPC UA
Server”, the “S-BPM Processing” and “Tracking” database were set up and con-
figured on a central server. Moreover, a separate network was installed for the
communication among the beacon devices, power metres, tablets and the server
components.

The interface to the ERP system introduced in parallel was provided via dedi-
cated database views, which were queried within the S-BPM processes using
so-called “DBReader refinements” in Metasonic Suite. The S-BPM processes
interface the tracking logic via a Web service call within a dedicated function state.

4.4 Case Evaluation

In addition to formative evaluation activities (see Sect. 4.2.3) informing design and
implementation, a summative evaluation framework to evaluate the goal achieve-
ment in this industrial case was developed and applied (Fig. 4.18).

This framework defines core case evaluation elements with respect to the case
goals, evaluation methods to be applied, and evaluation dimensions. Each case
evaluation element comprises (1) a short description, (2) relevant stakeholders, (3) a
mapping between goals and IT functionalities related to the case evaluation ele-
ment, (4) evaluation questions related to the goal achievement, (5) evaluation

Fig. 4.18 Case evaluation framework for Company A
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questions related to usability and usefulness, and (6) data collection methods to be
applied. The following four case evaluation elements were defined:

• CEE 1: Involvement of workers in decision processes
• CEE 2: Facilitation of (real-time) production state tracking
• CEE 3: Facilitation of production process analysis
• CEE 4: People-Centeredness

CEE 1–3 mainly address the evaluation dimension “Achievement of case goals
and objectives”. The evaluation dimensions “People-centeredness” and
“Usability/Usefulness” are orthogonal to CEE 1–3. People-centeredness includes
developing conditions for higher employee involvement in the production
decision-making process. The implemented features were designed to enhance the
worker engagement and thus contribute to their self-fulfilment. People-centeredness
can be characterized by (1) the People-centeredness of the implemented solution,
and (2) the People-centeredness of the project implementation process itself. The
dimensions of usability and usefulness combine assessing the solution’s practical
aspects and its contribution to perceptible changes. In terms of usability, a user is
supposed to assess the ease of system operation. For the usefulness dimension, the
tool or solution’s contribution to the user’s performance, productivity and effec-
tiveness is addressed.

4.4.1 Evaluation Steps and Procedure

Qualitative and quantitative data collection and analysis methods were selected to
evaluate the case. Subsequently, the evaluation instruments are described. A tech-
nology acceptance questionnaire was applied. This questionnaire considers
usability and usefulness aspects. In addition, semi-structured interviews were
conducted to gain grounded insight in the goal achievement and the
people-centeredness of the implemented organizational procedures and tools.
Overall, employees at Company A received training to use the provided IT-based
work support and used the system in their work context for 2 weeks.

4.4.1.1 Technology Acceptance Questionnaire
A standardized questionnaire was used to assess the technology acceptance of the
implemented solution. The results of the survey provide general insights into the
technology acceptance of the system from the users’ point of view. The ques-
tionnaire took into account the following dimensions:

• Perceived usefulness
• Perceived ease of use
• Social acceptance
• Behavioural intention to use the system
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Each dimension was operationalized through several statements (items). Users
were asked to read each statement and indicate to which extend he or she agrees on
a five-point answering scale (absolutely agree to absolutely disagree). Since data
from only nine people have been collected, the results of the statistical/quantitative
data have to be interpreted carefully. More important, it has to be checked whether
these results are consistent with the results of the in-depth qualitative data collection
and analysis methods.

Printed questionnaires were distributed among nine employees, including
managing director, production manager, technologist and six shop floor workers.
The respondents were one woman and eight men. According to the age, the
respondents could be divided into three age categories: 20–30 years old (one shop
floor worker and executive director), 30–50 years old (four shop floor workers and
production manager) and 50+ (technologist and one shop floor worker).

4.4.1.2 Semi-structured Interviews
The qualitative evaluation was operationalized via semi-structured interviews. A list
of questions was set up according to the main aspects to be researched. The
researchers followed two approaches—a high-level approach and a technical
approach. The aim of the high-level approach was to gain insight into respondents’
perception of and views on the particular case evaluation elements. The questions
were therefore designed as open-ended, focusing on their understanding of and
opinion on the feature’s impact on performance and the opportunity to use it. The
open-ended questions beginning with “how” allowed respondents to express a full,
meaningful answer using their own knowledge or feelings.

The technical approach involved more particular, focused questions aiming at
getting feedback on the practical use of the implemented features. Consequently,
the questions were formed mostly as “have you ever”, “what problems have you
experienced”, “how often have you”, etc. They were supposed to provide infor-
mation on the frequency, problems and (dis)advantages of implemented features.

4.4.2 Summative Evaluation Results

4.4.2.1 Technology Acceptance
Regarding perceived usefulness, the responses revealed the following: Three
quarter of the respondents indicated a tendency for a disagreement regarding the
perceived usefulness. About one quarter of the respondents stated an indifferent
attitude regarding the perceived usefulness of the process support.

The perceived ease of use was judged as follows: Overall, one-third agreed that the
provided system is easy to use. Another third was undecided. The remaining third
disagreed with the ease of use. Taking a more detailed look on the items of perceived
ease of use, especially learnability and understandability indicated agreement, while
especially flexibility and controllability of the support revealed disagreement.

The social acceptance was assessed by the respondents quite diverse: Overall,
around one-third indicated a positive tendency, one-third was undecided and
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another third indicated a negative attitude towards social acceptance. Furthermore,
the statements towards the behavioural intention to use the system indicated that
employees do not plan to use the system in the near future (six out of nine
respondents).

In summary, the technology acceptance of the implemented work support was
assessed as rather average and low, respectively. Although a user-centred design
approach was applied within the project at Company A, organizational factors
seemed to have a negative impact on the outcome. These factors will be discussed
in Sect. 4.4.3.

4.4.2.2 Case Evaluation Elements
The case evaluation elements were investigated by applying qualitative
semi-structured interviews. The qualitative analysis complements the quantitative
analysis carried out with employees at Company A. The qualitative analysis pro-
vides deeper insight into the experience with the implemented solutions, and how
the stakeholders perceived the developed features. Subsequently, the results for
each case evaluation element are described.

CEE 1: Involvement of workers in decision processes

This element comprises the aspects depicted in Table 4.3. The aspects are detailed
in terms of name of the feature, the role using the feature and a general description.
Evaluation results with respect to the individual features are stated subsequently.

Proposal of Changes to individual work schedule

In general, respondents consider the option to propose changes to individual work
schedules as useful. However, regarding the practical utilization and their experi-
ence within the testing phase the answers seem oppositional. Within the testing
phase, the six shop floor workers reported no need to request any changes to their
daily work schedule. Furthermore, the predominant organizational culture does not
encourage workers to propose changes. Workers reported that they face a severe
time pressure, try to meet deadlines, and follow what is proposed by the production
manager and the technologist. The influence of the established long-term working
system on the reluctance to propose changes was also stated by a technologist.

Authorization of change proposals

From the high-level point of view, the production manager assessed the feature as
useful, since it digitally records all requests, and a loss of change proposals could be
reduced. However, during the live testing phase, the shop floor workers did not
request any particular changes of their work flow.

Autonomous decision to request CNC code

The ability to request a CNC program was possible in the formerly established work
process at Company A. Now digitized, the shop floor workers tested and used the
system in practice. The workers reported concerns on the immediacy of the
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response from the technologist. Since technologists are not permanently at their PC,
workers fear to lose time when waiting for responses. Finally, especially younger
shop floor workers reported their willingness to use the new system.

Context-sensitive error reporting

In general, shop floor workers perceived this feature supportive. Even if they
consider it to be of greater benefit for bigger production facilities, workers stated
that the feature could also be helpful in their context. However, also related to this
feature the immediacy of the response was reported as a potential issue. The
implemented process was configured to require the approval of the production
manager for fixing an error. Thus, the workers reported that they lose time when
waiting for an answer and that they prefer immediate (oral) feedback. Even though,
five out of six workers considered digital recording of all reported errors as useful
for further order improvements and analyses.

Work task reporting

The technologist and younger staff, including the executive director and one shop
floor worker perceived the digitized work task reporting positively. Workers stated
that the reporting should be considered for further planning and future price

Table 4.3 CEE1 aspects

Feature Role Description

Proposal of changes to
individual work schedule

Shop floor
worker

This feature allows shop floor workers changing their
work schedules (tasks). Using this feature, a shop floor
worker is able to propose a change in the planned
production schedule for a particular workplace. The
proposed change must be approved by the production
manager, before entering the production state

Authorization of change
proposals

Production
Manager

When a shop floor worker proposes task reordering, the
production manager is notified with the change request
submitted by the worker. This feature allows him to see
the new task order proposal, compare it to the original
production plan, and decide to accept/reject the change.
After the decision, the shop floor worker is notified

Autonomous decision to
request CNC code

Shop floor
worker

Using this feature, a shop floor worker can decide whether
he needs to be supported with a CNC code from the
technologist, or he will write CNC code on his own

Context-sensitive error
reporting

Shop floor
worker

Shop floor workers are able to report an error occurring
during the manufacturing process. When reporting the
error, the worker is encouraged to describe the reason why
it occurred and propose a solution for fixing the problem if
a fix is possible

Work task reporting Shop floor
worker

This feature enables the shop floor workers to report the
overall progress of production. The main focus is on
gathering real production times so production managers
are able to compare the actual time consumed with the
time planned by the technologist
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calculations. Older workers seemed to be reluctant due to their preference of paper
and pencil.

CEE 2: Facilitation of (real-time) production state tracking

CEE2 comprises the aspects depicted in Table 4.4. In the following, the evaluation
results with respect to the individual features are described.\

Display and autonomous selection of work tasks

This feature was already discussed to a great extent in the context of CEE 1. The
respondents’ answers were mainly linked to statements on the work task reporting
and change proposals. An addition was the problem of the simultaneously running
system in the company that led to the perception of additional, duplicate work while
using the feature.

Kanban Board

The management appreciated the feature’s ease of use; the only objection in this
matter was manually entering tasks into the system. This is due to the simultane-
ously implemented and running ERP system. Again, the comment of duplicate
work arose, as the system provides similar information as displayed in the ERP
system. The opportunity to manage production via digitized work support was
considered an advantage. However, the system limitations became apparent in
Company A, as the production manager is not permanently present at the computer
to follow the tasks. This would require the use of a mobile device by management
to immediately receive requests and be able to react.

Sensor-based location tracking

The introduction of a new ERP system in parallel to the case design, implemen-
tation and evaluation decreased the initially identified problem of lost parts on the
shop floor by manual scanning of items. However, the location sensing has been
tested. The respondents stated that it is a good idea but not necessarily required by

Table 4.4 CEE 2 aspects

Feature Role Description

Display and autonomous
selection of work tasks

Shop floor
worker

The feature presents a prioritized list of work and
allows workers to prepare and conduct certain work
tasks

Kanban Board Production
Manager

The management may monitor the current state of
operations launched on particular machines on a
Kanban Board (cf. Sect. 4.2.1)

Sensor-based location
tracking

Shop floor
worker,
management

Location sensing is concerned with identifying the
location of manufactured parts on the shop floor. Each
shop floor worker is able to see, as part of the user
interface of their tablet, the part’s location on the shop
floor. The location is visualized in a table with the
highlighted workplace the part is closest to
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small companies such as Company A. Furthermore, the duplication of tracking
within two systems (new ERP system) and the processing system developed within
this case were perceived to increase duplicate work. Related to the technical
maturity of the sensors, the respondents noticed that the location updates take too
long (sometimes up to 10 min), and the precision of the part location is too coarse
grain. Furthermore, they reported for practical application the limited battery life-
time of the active trackers hampering utilization, and trackers getting damaged
easily when positioned especially on big parts.

CEE 3: Facilitation of production process analysis

This case evaluation element comprises mainly analysis support features. By
gathering context-sensitive process data (power consumption data, location track-
ing, production time submitted by workers), the system enables analyzing data that
could be used in the future production planning process, e.g. for more precise time
estimations. This is vital for technologists and the management.

According to a technologist, recognizing the impact of this feature is not possible
on short notice, given the short evaluation period in the factory. The data collected
on the time spent on particular tasks or orders should be used for further price
calculations. The shop floor workers entered the time, but the technologist will only
be able to evaluate the usefulness over a longer period. Both, the technologist and
manager see the feature’s potential not only in further price estimations resulting in
more precise price calculations, but also in terms of remunerating employees
accordingly.

This feature was also commented on by the executive director and production
manager. Both perceive the potential of the feature and its contribution to better
price calculations, but need to analyze these features for a longer time period.

CEE 4: People-Centeredness

The shop floor worker perspective

The features presented in CEE 1–2 aimed to increase autonomy and involvement of
shop floor workers via digitized work support. However, the interview responses
indicate that workers prefer immediate face-to-face communication and fear that
digitized communication takes too long and requires too many resources. Especially
for their small shop floor with around 35 workers, they consider direct communi-
cation to be more effective and efficient than digital support. They are in doubt
about the immediacy and added value of digital communication in their company.

Furthermore, the predominant work culture follows a hierarchical organization.
Thus, workers do not really question production plans and work schedules, but
rather try to implement the targets in the best possible way according to the given
specifications. In addition, the time pressure could hinder active participation and
involvement of workers.

The management perspective

The shop floor supervisors appreciated the opportunities for employees to be
involved in the decision-making and production processes. However, the feedback
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from shop floor workers questions the willingness of workers to participate in
decision-making, proposing and requesting changes. The feature testing showed a
kind of reluctance and incredulity of employees towards implemented features and
devices. In the case evaluation, the management was able to gain evidence that not
only technological changes, such as the developed IT support, need to be carefully
implemented, but also organizational changes related to the decision power and
encouragement of workers to make them actively contributing to workplace
improvement.

4.4.3 Discussion of Evaluation Results

The analysis, design and implementation activities described above were strongly
people-centred and aimed to receive early feedback on solutions to direct devel-
opment accordingly. Hence, one would have expected very positive feedback from
the case evaluation. However, (work) reality at Company A has proven to be
different. What happened? Why did the project not meet the actual expectations?
This section tries to identify factors leading to the given evaluation results.

4.4.3.1 Organizational Changes
Company A experienced several organization changes within the project duration
(October 2013–September 2016). Seeking for solutions to stabilize company per-
formance, different managers were hired and alternated predominantly in 2014. The
company culture was being adjusted according to the new management’s directives
affecting employees’ positions and personal relations. Especially 2015 brought
significant changes to the company’s operation. The company management decided
to decrease the staff (from 46 to 35), in order to reduce costs and provide higher
salaries for the remaining employees. These changes also affected the position of
the previous sales manager, Mr. Supportive, who was the main driver of the project
implementation in Company A. Mr. Supportive was substantially involved in the
implementation and helped to motivate workers to specify the case and propose
solutions valuable for them and the project.

The layoff also pertained to three employees who participated in the case for-
mation at the very beginning. Their valuable contributions and motivation within
focus groups or internal meetings helped to frame the case implementation that
finally led to opposing results in the evaluation.

Simultaneously to the significant organizational changes, the company also
faced financial problems, resulting in a potential company closure. This pressure
might also have led to the reluctance towards implemented project solutions.
Struggling for company survival, the workers rather focused on the daily operation
than on comprehensive project implementation.

4.4.3.2 Technical Changes
Aside from the addressed organizational changes, technical changes challenged the
project implementation. During the implementation phase, a new ERP system was
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introduced in Company A. Interfacing this system caused delays in the project
progress. Furthermore, the new ERP system covered some functionalities similar to
the process support developed within this project. Thus, features have been per-
ceived as duplicated and redundant work effort.

4.4.3.3 Management Commitment
The company changes also affected the management level. In the first two project
years, three different managers were in charge with different attitudes towards the
project and its implementation. In certain periods, the project was overshadowed by
the company’s business issues, and its objectives were put to the background.
While the company owner together with Mr. Supportive drove the project, some
managers perceived the project rather being vague than closely related to the
concrete business model of the company. This resulted in some discrepancies in
management.

The management installed during the evaluation decided to foster the project
implementation, but simultaneously to focus on factory operation, as it pursued cost
cutting and similar measures as part of its crisis management. Furthermore, the
owner moved to the background, as his daughter became part of the new man-
agement team.

4.4.3.4 Takeaways from the Case
Company A and the regional IT consultancy project partner analyzed the project
implementation and identified a list of experiences and events that have had impact
on the project results. Undoubtedly, the project has created the unique opportunity
for both partners to develop innovative solutions, and the project implementation
will be definitely useful for different types of production companies. Selected les-
sons learnt are presented subsequently.

Continuously discuss the project progress with relevant stakeholders

In the course of project implementation, Company A has experienced significant
changes on the management and worker level. For instance, due to the required
increase of production efficiency, a crisis manager was hired. New managers
seemed not always to be committed to the project objectives. Therefore, they did
not support the project implementation adequately. It is advisable to discuss con-
tinuously the project course with the management and more precisely present the
project impact on the current as well as on future production. The same applies to
workers. In the case where the workers who were actively involved in the solution
design leave the company and the workers who were not part of the design process
evaluate the solution, incoherent results are very likely.

Adequately involve workers

The main project objective has been the people-centeredness. The Slovak partners
have made a maximum effort to involve all relevant workers, especially shop floor
workers. Although shop floor workers have been involved in the project imple-
mentation as envisioned in the project proposal, project progress was not

4 Lot-Size One Production 109



adequately presented and discussed with the shop floor workers. The focus of
communication was between project managers and higher management represen-
tatives at Company A and the regional IT Consultant. This may have circumvented
the shop floor workers.

Carefully introduce features related to aspects of “employee monitoring”

Some of the implemented features could be considered to target “employee mon-
itoring” (e.g. power consumption, time monitoring, etc.), although the implemented
features were proposed, developed and implemented with regard to
people-centeredness. The feedback related to the fear of continuous work moni-
toring could have had an impact on the worker resistance towards the developed
solutions. The employees should to be assured continuously on implementing the
solution’s benefits for them. Accordingly, monitoring results should be used for
triggering people-centred improvements rather than penalties (like salary cuts or
negative impact on the position within the company).

Reserve sufficient time for on-site testing

Although the project set out sufficient time for testing, some of the features could
not be evaluated to a representative extent—enabling to draw conclusions. More-
over, some of the features show their impact and benefits on a long-term basis.
More time should have been reserved for comprehensive tests and deficiency
corrections even during initial testing.

Cooperate closely with providers of existing IT systems to be interfaced

During the project implementation, Company A implemented a new information
ERP system. Some system features collided with the proposed solutions and, to a
certain extent, affected some of the project activities. It would have been more
practical for the regional IT consultant to take part in the analytical sessions
between Company A and the ERP provider enabling the alignment of redundancies
and interfaces.

Changing environments requires agile case specification support

As defined in the original project plan, the use cases were defined in the first project
phase at the very beginning. The total project implementation covered the period of
3 years and faced changes on different levels of the company. The changes on the
management level, staff layoffs and other implemented changes, had an impact on
the relevance of the originally defined case. Changing company conditions led to
new requirements that have not immediately been incorporated into the solution.
Therefore, an agile approach to specifying requirements and features is considered
beneficial to meet industrial demands.
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4.5 Conclusion

This case captures the initial situation of Company A, an SME offering the pro-
duction of atypical, unique and special-purpose machinery, equipment and tech-
nological complex units, particularly useful in the automotive and electronic
industries. Based on the initial analysis and requirements definition results, the case
represents a human-centred design approach accompanied by formative valuation
activities. Within the solution development, a novel approach towards modelling
S-BPM has been developed and implemented at Company A. The resulting process
model also encompasses the integration with sensor technology, in order to support
location tracking and power metering of machining operations.

Even though the formative evaluation informed design and implementation to
provide adequate solutions for workers, significant organizational changes at
Company A during the implementation question the acceptance and benefit of the
developed solution as well as the goal achievement with respect to the initial
situation.

However, the novel S-BPM approach to modelling the core process as well as
the UI process represent major technical innovations. They have been applied for
the first time within this project. Furthermore, the enrichment of S-BPM with
techniques from human-centred design techniques, such as mock-up prototyping
has been experienced as beneficial for aligning different solution ideas among the
diverse project stakeholders (i.e. six partners from five different nations).
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Abstract
This case reports on a worldwide operating SME producing floor cleaning
machines. The SME distinguishes itself from its competitors by providing highly
customizable high-quality products. Employees are one of the “most-valuable
resources” to the management. However, the initial situation reveals significant
improvement opportunities related to the employee involvement and empow-
erment concerning workplace re-design. The proposed subject-oriented solution
aims to involve shop floor workers in workplace (re-)design by providing them
structural empowerment means such as social media for suggestion proposals,
discussions and negotiations. Furthermore, the newly introduced features are
designed to allow for context-sensitive reporting of suggestions and errors.
Context-sensitive elicitation provides the basis for analysing impacts of changes
(e.g. the affected location or worker) and visualizing potential improvement
areas within the shop floor. The generic suggestion and error handling process
can be tailored to different organizations. The S-BPM process handling has been
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integrated with a semantic wiki allowing for context-sensitive workplace
improvement elicitation and change propagation analysis. The evaluation reports
on findings in developer workshops, focus groups and user tests conducted in
parallel to the design and implementation to ensure a user-centred approach
(formative part), and on findings related to the outcome of the case
implementations at the given SME (summative part).

5.1 Elicitation and Analysis of the Initial Situation

The case described in this chapter captures an SME operating in the professional
cleaning market with the focus on the production of floor cleaning machines on a
worldwide level. The company, herein after called “Company B”, has about 95
employees and a turnover of about 25 million Euros. It is a family-owned business,
as many of the Italian SMEs.

The internationalized system of selling and purchasing enables the company to
buy pieces all around the world, assemble cleaning machines, and sell them in more
than 70 countries, while competing with large internationally structured companies.
The majority of the company’s customers are retailers in many different countries
all around the globe.

5.1.1 Use Case Definition

The first step towards the elicitation of the requirements was the use case definition
according to Leffingwell and Widrig (2003). A number of activities were carried out
to define the use case, for instance factory visits and face-to-face workshops,
characterized by brainstorming sessions and use case prioritization, definition of
key terminologies, development of procedures, virtual and face-to-face workshops,
discussions and interviews. Special emphasis was given to the involvement of all
stakeholders, in order to capture the different perspectives—ranging from the
workers’ to researchers’ and developers’—following the premises of a participatory
people-centred case definition. Specifically, the use case definition was driven by
brainstorming and discussion rounds including members of the middle and upper
management to develop practices and tools for empowering workers, who were
involved in later stages of the project.

In the following, the outcomes of these activities towards the definition of the
use case are reported. Especially, the scope of the analysis, with a focus on the
initial situation as perceived by the SME, as well as the first steps towards the to-be
situation, i.e. purpose, goals and objectives of the use case, are reported. Finally, an
initial sketch of the solution is presented in Sect. 5.1.1.
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5.1.1.1 Initial Situation
Company B is very sensitive to the quality of its products and achieving high
quality standards. These attempts are physically reflected in the factory layout itself.
Company B implements a road to quality throughout the whole factory covering
areas as the “quality checking—incoming goods area” and the “final check area”.
Due to the importance of product quality, the quality checking area is one of the
most sensitive areas for the company. In this area, incoming goods are identified
and the delivered products are quantitatively checked with respect to the due
quantity. Quantity control is followed by a conformity check of the received goods
with respect to the ones already in the warehouse. Finally, the goods are checked
with respect to their quality.

The SME pays a lot of attention to quality issues and tries to foresee problems by
carrying out rigorous checks in the receiving and quality checking area. Overseen
errors at this stage can lead to problems in the assembly line at a later stage of
production. If some pieces are damaged or do not meet the quality standards, they
may impact the production process. However, it is time-consuming to check each
component. To address this challenge, Company B aims at employees’ participation
in the suggestion and improvement process. They should make suggestions when
reflecting on their actual task accomplishment, and come with proposals for
improving their workplace design and the company’s performance.

Currently, workers suggest workplace improvements in a completely unstruc-
tured way. Suggestions for improvement occur in two different ways:

• Quality Circles. Quality circles take place at Company B every week with the
production manager and the quality manager. Workers are not directly included
in the quality circle. Their suggestions and opinions are only recognized indi-
rectly through one of the managers. These meetings result at least in five sug-
gestions of technical nature at the end of every meeting

• Face-to-Face Suggestions. Workers pose suggestions directly (face-to-face) to
the responsible manager (e.g.: Quality Manager). These suggestions are dis-
cussed by the managers during the quality circle meetings but are not docu-
mented or persisted in any form

Workers suggest improvements to the management face-to-face. Sometimes
workers immediately receive feedback. Most of the times, however, workers do not
know whether their suggestions are taken into account at all. In addition, sugges-
tions could be lost, since they are not documented. The same happens with the
process of feedback and rewarding: there is no transparency for workers whether
their suggestions are taken into consideration, or why they are rejected.

With respect to the suggestion and improvement process in Company B, the
current situation can be described as having no structured procedure processing
suggestions, neither for the communication among production workers nor between
departments.
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5.1.1.2 Goal Definition
Focusing on functionality and efficiency often leads to neglecting a critical factor
for sustainable organizational success, the human being. Company B considers
humans as one of the most important assets of its operation by putting the worker at
the centre of the workplace design. Management aims to engage workers in the (re)
design of their work environment and processes. However, the participation of the
employees in the workplace re-design is hindered by problems in communication
and suggestion making.

Starting with these findings, the goals and the objectives of the use case have
been defined in an iterative process involving different stakeholders. The refined
and consolidated list of these goals and objectives is summarized in Table 5.1. The
development team has identified the global goal as “subject-oriented re-design of
production workplaces to empower workers and stimulate teamwork”. The em-
powerment of workers to actively participate in the re-design of their workplace is
the umbrella for three sub-goals addressed through the use case implementation at
Company B. The first sub-goal is to improve the internal communication and
collaboration considering the re-design of workplaces. To achieve this goal, four
objectives addressing different aspects have been identified for the use case:

Table 5.1 Consolidated goals and objectives

Overall goal Goal Objective

Empower employees to
actively participate in
workplace re-design

Improve the internal
communication and
collaboration

Increasing traceability of information
flow

Increasing transparency of
communication

Facilitating meaningful information
exchange on workplace improvements

Application of methods and tools to
support collaborative re-design and
information exchange

Increase understanding of
relevant work context

Identification of relevant work context
by workers

Enabling workers to create and access
context-relevant workplace
information supporting context
awareness in terms of potential
improvements considering processes,
communication, collaboration, and
workplace designs

Facilitating the analysis of the impact
of changes

Increase the traceability of
suggestions considering
error detection

Providing means to supporting access
to and creation of context-relevant
information for current work
task/environment/place
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• Increase traceability of information flow. In terms of empowerment this
objective could be beneficial for the psychological empowerment dimensions
(1) importance and (2) impact

• Increase transparency of communication. Transparency comprises the awareness
of employees considering who made a suggestion, who evaluated a suggestion,
why it has been implemented or not

• Facilitate meaningful information exchange on workplace improvements.
Content needs to be meaningful for its stakeholders

• Application of methods and tools to support collaborative re-design and infor-
mation exchange. Workplace re-design and proposed suggestions usually affect
or could be of value for several employees and/or organizational units. There-
fore, a collaborative approach to suggestion making and workplace improve-
ment is necessary

The second sub-goal aims at an increased understanding of the relevant work
context. Thereby, work context includes all aspects considering the workplace itself
(e.g. temperature, time, conditions of illumination, etc.), as well as all facets
regarding the situation of a specific work task (e.g. a worker interacts with others; a
worker requires special skills/knowledge to accomplish a certain task, etc.).
Accordingly, three objectives should be met:

• Identification of relevant work context by workers
• Enabling workers to identify, create and access context-relevant workplace

information, supporting context awareness in terms of potential improvements
considering processes, communication, collaboration and workplace designs

• Facilitating the analysis of the impact of changes

5.1.1.3 Sketching the Envisioned Solution
The solution proposed to achieve the objectives of the use case is based on
extensions of the following base technologies:

• Metasonic Suite—a process management suite for subject-oriented (S-BPM)
processes. The Metasonic Suite (https://www.metasonic.de/en) is used for
modelling, validating and executing work processes applying the
subject-oriented methodology (Fleischmann et al. 2012)

• MoKi—a wiki-based collaborative tool for the enterprise modelling. MoKi
(Rospocher et al. 2008; Christl et al. 2008; Rospocher et al. 2009; Ghidini et al.
2012) has already been applied to a number of collaborative settings (Casagni
et al. 2011; Dragoni et al. 2013), also in multilingual scenarios (Bosca et al.
2014; Dragoni et al. 2014a), and for the analysis of business processes (Dragoni
et al. 2014b; Di Francescomarino et al. 2014). MoKi is used for analysing the
propagation of workplace changes (including changes related to processes and
non-procedural aspects), as well as for supporting discussions, notifications and
approvals related to potential workplace improvements
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Specifically, these technologies should empower workers in Company B’s
goods-receiving and quality-checking department by allowing them to:

• Provide access to shared knowledge, thus easing their understanding of
procedures

• Improve their workplaces by autonomously suggesting changes, thus increasing
their empowerment capabilities

• Exploit semantic knowledge of non-procedural aspects (i.e. “static” concepts or
constraints) to analyse, e.g. the impact of changes on other stakeholders

• Provide suggestions, and feedback related to workplace changes, thus improv-
ing the internal communication of Company B workers

• Keep track of the provenance and rationale of workplace changes

A possible scenario of how this set of technologies and functionalities can be
used in the goods-receiving and quality-check department is shown below (see
Fig. 5.1). The “Quality Control” worker becomes aware of potential improvements
and would like to propose them to the management. Examples of improvements
include changing the temperature in the goods acceptance area, and changing the
work procedure. In some cases, the change can be related to non-procedural aspects
(technical and workplace modification); in other cases, the change is directly related
to a process change (process modification). Moreover, a change analysis could be

Fig. 5.1 Interactions among goods-receiving and quality-department workers
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triggered which would lead to a propagation of the change. The co-workers can be
notified and involved in discussions related to already suggested improvements.
These discussions, as well as the authorization processes are carried out using the
MoKi collaboration features, capturing a network of different stakeholders as
shown in Fig. 5.1.

5.1.2 Requirements Elicitation and Analysis

Once the use case had been defined, the requirements elicitation and analysis was
started. Based on the activities conducted at Company B to understand stakeholder
needs and to define the scope of the use case, additional workshops were carried out
to elicit and narrow down requirements within the defined use case. Beyond the
functional requirements, a set of technical and organizational requirements have
been defined in the requirements engineering process. The requirements engi-
neering approach has been accompanied with setting up a technology acceptance
framework.

5.1.2.1 Organizational Requirements
The organizational requirements for this use case are understood as a transition
from the current situation (“as-is”) to a desired situation (“to-be”) at Company B.

The as-is process of making suggestions for workplace improvement at Com-
pany B is completely unstructured (see Sect. 5.1.1.1). Suggestions are made by
workers directly to their supervisor in a face-to-face interaction, even though the
supervisor is not the person in charge of that specific type of issue. In Company B,
indeed, it is often the case that the same person is in charge of more than one
responsibility (e.g. the person holding the role of Quality Manager also holds the
one of Security Manager; the Administrative Manager also holds the role of Human
Resource Manager), thus becoming the reference person to whom workers com-
municate every kind of problem, request and suggestion.

The consequence of this single point of reference is, on the one hand, workers’
frustration, lack of self-awareness and trust in the management; on the other hand, it
has effects at the production level. For example, in the receiving and quality
checking process, in case of goods damages, the Quality Manager has to make
decisions on how to proceed. In case of serious damages on goods triggered by a
contingent event, or of systematic problems on the same type of items, the Quality
Manager is asked to involve other managers, e.g. the Supplier Manager, in the
decision-making process. The lack of transparency and traceability of communi-
cation makes this process easily subject to delays and unattended requests, thus also
potentially causing errors at the production level. No technological means are used
for the internal communication at Company B, while an internal network and an
ERP server are used for connecting all the partner companies and for managing the
administrative and the warehouse department, respectively.
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Initial To-Be Process

Figure 5.2 shows the envisioned suggestion making process at the SME. The
displayed Subject Interaction Diagram depicts the interaction of the involved actors,
namely Worker, QM Area manager, Warehouse manager, Purchase manager and
Logistics manager. Additionally, for communication with external process partic-
ipants, the external subject Supplier is included in this model.

The suggestion making process starts with a worker raising a suggestion and
sending it to the quality area manager. The quality area manager first analyses the
suggestion and provides promptly a first feedback on whether the suggestion will be
further processed or not. In the latter case, the reason for not further following a

Fig. 5.2 To-be suggestion making process at Company B
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suggestion has to be fed back. In case the suggestion is handled further, the quality
area manager creates a problem report and sends it to the warehouse manager, who
sends back feedback that may contain an alternative solution. The quality area
manager also collects solution ideas from other shop floor areas and compiles them
into a list of possible solutions. These are called solution alternatives and are
subsequently sent to the logistics manager, who decides upon the alternatives. The
accepted alternative is sent back to quality area manager. The process is split up in
several branches at this stage, according to the concerned decision-makers. Finally,
all decision branches are merged into one last action: the worker gets informed
about the chosen solution.

5.1.2.2 Functional Requirements
For the elicitation of (functional) requirements user stories have been applied.
A user story describes a usage scenario via simple natural language. User stories
were defined in a “people-centred” two-stage process involving not only managers
but also workers in specifying user stories. In an initial stage, workshops were
conducted with the management of Company B, in which a first set of user stories
were identified. In a second stage, these user stories were validated by the workers,
through workshops in which workers were given the possibility to add, modify or
remove (given) user stories. In addition to the user stories, prototypes of as-is and
to-be process models were elicited by applying a paper card-based S-BPM mod-
elling approach. These efforts were intended to elicit and validate system require-
ments engaging the actual stakeholders.

At the end of this process, a final list of consolidated (functional) requirements
has been drafted. The requirements related to communication and collaboration can
be summarized (from a workers’ perspective) as follows:

Req: 1. Easy way to report context-sensitive issues/suggestions, and errors
Req: 2. Control over my suggestions (creation, update, deletion)
Req: 3. Feedback to my suggestion
Req: 4. Getting informed about suggestions that relate to me/my workplace
Req: 5. Receiving comments on suggestions or vote for them
Req: 6. Discussion of suggestions
Req: 7. Status checking of suggestion (approved, implemented, pending, etc.)

Moreover, few requirements related to the non-conformities report and change
propagation were also identified. They can be summarized as follows:

Req: 8. Support of the analysis of what and who is how affected by a certain
(process) change

Req: 9. Definition and application of rules and policies that can be triggered by a
certain change

Req: 10. Reporting, analysis and visualization of non-conformities (e.g. errors for
certain types of products).
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5.1.2.3 Technical Requirements
A set of technical requirements was identified based on the specific IT environment
at Company B and the defined usage of the base technologies (i.e. Metasonic Suite,
and MoKi). Company B imposed the following requirements:

• For safety and privacy reasons all data recorded in the technologies to be
developed needs to be stored on Company B servers

• A reuse of Company B’s existing desktop computers on the shop floor is pre-
ferred for any IT solution to be developed

Requirements stemming from the Metasonic Suite relate to its multiple inter-
linked components. Depending on the desired usage, these components can be
installed either on a single system or in a distributed environment. The individual
components for the Web applications are available as packed applications (WAR
files) to support straightforward deployment on different servlet containers (for
example, Apache Tomcat). Typically, the Metasonic Suite requires a JDK (Java
Development Kit), a MySQL database and an Apache Tomcat servlet container.

MoKi is developed on top of the MediaWiki1 package that is based on a standard
PHP/MySQL framework. MoKi requires a Web server environment supporting
PHP and MySQL. Since MoKi is a Web-based application, it requires the avail-
ability of an internal network allowing the connection from a local workstation
placed in the production line to the central server on which MoKi is installed.
Furthermore, a Web browser needs to be available at the client workstation.

5.2 Process and Solution Design

An iterative approach has been taken in the design phase. The main milestones of
this iterative approach can be summarized by the following two steps: (i) the design
of a first prototype satisfying the users’ requirements; (ii) the iterative refinement of
such a prototype. Besides the goals and requirements collected in the requirement
and elicitation analysis (Sect. 5.1.2), both steps have been accompanied by
so-called formative evaluation activities.

In this section, we sketch the actions and the methodologies that were taken for
formative evaluation (Sect. 5.2.1). We also detail the first prototype release
(Sect. 5.2.2). Finally, we report on the refinements that have been applied to the
prototype as a consequence of the feedback obtained from the formative evaluation,
in order to develop a second prototype (Sects. 5.2.3 and 5.2.4).

1http://www.mediawiki.org.
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5.2.1 Formative Evaluation Framework Guiding the Design

The formative evaluation framework has been designed and implemented according
to the steps of Stufflebeam and Shinkfield (2011) for the Company B use case.
Overall, multiple Skype meetings for aligning activities as well as a face-to-face
meeting were conducted. In doing so, the evaluation team:

• Agreed on the formative evaluation framework along the six steps of Stuf-
flebeam and Shinkfield (2011)

• Identified relevant stakeholders based on the use case
• Identified the key elements to be investigated
• Identified three overall (high level) evaluation dimensions (i.e. Usability, Use-

fulness, Social Acceptance)
• Identified an overall data collection approach (i.e. developer workshops, focus

groups, user, prototype tests)

In the following, we detail the instantiation of the six steps of Stufflebeam and
Shinkfield (2011) for the Company B use case. The stakeholders involved in the
formative evaluation are:

• Technology providers. This group comprises technology developers as well as
solution designers and providers

• Users. This stakeholder group includes end-users, i.e. the workers and the
management at Company B

• Evaluators. Evaluators conduct the formative evaluations. They are responsible
for planning, designing and analysing the surveys. Evaluation experts support
the evaluators

• Others. The formative evaluation could also consider and incorporate other
stakeholders if required, e.g. worker union, policy makers (e.g. regarding
occupational safety, occupational health and safety practitioners for the involved
factories)

The following three key evaluation elements (KE) have been identified to be
evaluated in the formative evaluation activities at Company B:

• KE1: Change Analysis and Propagation Prototype
• KE2: Prototype for Supporting Re-Design with Collaborative Functionalities
• KE3: Contextual Work Models for S-BPM

The selection and definition of the key evaluation questions correspond to the
issues raised in the requirements defined in Sect. 5.1.2.3. Thereby, the three
dimensions—(1) Technical aspects, (2) Usefulness and Usability and (3) Social
Acceptance—guided the definition of the key evaluation questions.

Different data collection methods were selected, prepared and used for the
evaluation of the use case: the evaluation started with a developer workshop,
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followed by one or more focus groups with the potential users. The results of these
activities were then used to specify, plan and develop the user tests. Observations
(e.g. task accomplishments, performance tests) and surveys (e.g. standardized and
open questionnaires, interviews, discussions) were conducted and analysed in a
qualitative and quantitative way.

5.2.2 The First Prototype Design

The goals and requirements collected in the requirements elicitation and analysis
(Sect. 5.1.2) and the ones collected through the formative evaluation (see
Sect. 5.2.1) were used to drive the development of the first release of the prototype
developed for Company B, named the Collaboration and change propagation
prototype.

The aim of the prototype was to support the achievement of the main goal of the
use case: The empowerment and involvement of workers in the (re-)design of
production workplaces. To do so, communication and collaboration among stake-
holders (including workers and managers) need to be supported to foster sharing,
discussing and negotiating ideas, suggestions or issues related to certain work-
places. The resulting communication and collaboration artefacts typically address
specific dimensions of workplaces, such as tasks, tools for task accomplishment,
social factors or environmental factors relevant for (re-)design. These dimensions
characterize the context of the various statements provided by stakeholders (sug-
gestion, error report, idea, etc.).

A prerequisite for change propagation analysis is the collaborative, (semi-)
structured collection of workplace-related data as well as its semantic representa-
tion. Having a semantic representation of workplace-related data at hand, allows
developing mechanisms to reason upon the collected data, e.g. localizing the impact
of changes, performing statistical analyses of workplace-related data, and checking
for the violation of rules and policies.

5.2.2.1 Prototype Description
The prototype described in this section applies the enabling technologies introduced
in Sect. 5.1.1.3 to provide ameans for supporting people-centred workplace re-design
and for meeting the requirements identified at Company B. Thereby, it integrates
different design-relevant workplace aspects, e.g. organizational procedures in terms
of process models, errors within daily operations (process execution level), and
relevant contextual dimensions (e.g. environmental, social, tool dimension).

The prototype is composed of two main modules: a module dedicated to the
collaborative acquisition of knowledge and data (Collaboration Module) and a
module devoted to assist users in the management of the acquired data (Change
Propagation and Analysis Module). The Collaboration Module is composed of two
submodules:
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• A submodule that workers can use for reporting problems related to their
workplace and suggestions for the workplace improvement, and

• A special instance of the suggestion module, i.e. a submodule to be used by
workers to report errors/non-conformances related to the processes they carry
out in their daily work (e.g. errors related to the incoming goods)

The Change Propagation and Analysis Module focuses on providing means for
analysis as well as supporting the propagation of changes that are suggested by the
workers or of changes, imposed by the actual behaviours of the system.

Figure 5.3 shows the conceptual architecture of the Collaboration submodules
and the Change Analysis and Propagation module described above. The figure
shows how the two Collaboration submodules, together with the Re-design module,
provide the input for the Change Analysis and Propagation Module. Specifically,
both, the S-BPM models used for describing the operational procedure, and the
context information, are used for building the contextual domain knowledge. In
turn, users’ suggestions, change suggestions and other analysis output of the
Change Analysis and Propagation Module act as input for the Re-design module.

The different modules and functionalities are accessible through simple inter-
faces, thus allowing workers with no IT background for quick and easy use of the
prototype. In the following, each (sub-)module in terms of its functionality is be
described in more detail.

Suggestion Management Submodule

The Suggestion Management submodule is in charge of collecting and managing
issues and suggestions by workers, according to a generic suggestion handling
process. This process (involving the workers, the management and their commu-
nication) can be refined and instantiated according to the specific organization in

Fig. 5.3 Conceptual architecture of the prototype
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which it is applied. The issue/suggestion to be handled is modelled as S-BPM
business object that is incrementally enriched during process execution.

Figure 5.4 shows an instance of the generic Suggestion Making interaction
diagram (using the S-BPM modelling notation) that has been specialized for the use
case in Company B, according to the “to-be” S-BPM Suggestion Making process
envisaged and reported in Sect. 5.1.

The issue/suggestion report is modelled as a business object that is incrementally
enriched with feedback by the different involved actors until a final decision is
made. The decisions or actions taken by the management are finally communicated
to the worker. Besides the fields related to the issue/suggestion report, the business
object contains three fields for each manager potentially involved. These fields are
devoted to report the positive aspects of the suggestion, the negative aspects and a
general feedback, e.g. suggestion variants or adaptations. Moreover, the business
object allows for handling the first feedback to be provided to the worker, as well as
the final decision (decision and rationale).

Handling suggestions requires seamless integration of the S-BPM workflow tool
(in charge of dealing with the procedural knowledge) with the collaborative

Fig. 5.4 Suggestion making process
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instrument devoted to acquire context-sensitive issues and suggestions by workers
(MoKi). The solution envisaged for achieving such an integration consists of a
shared repository and a set of services built on top of the workflow tool enabling the
communication between the two components. Both, the Issue/Suggestion Report
component (MoKi-based interfaces), and the S-BPM Workflow component (Meta-
sonic Flow), read and write information from/to the shared repository.

The Suggestion submodule provides users with two features: (i) the
issue/suggestion management and (ii) the discussion management, which allows
workers to discuss and share opinions, not only about proposed suggestions but also
about other topics of interest. Specifically, concerning the issue/suggestion man-
agement, three main functionalities are provided: the suggestion creation, visual-
ization and update. Workers can report their suggestions using the form reported in
Fig. 5.5. Specifically, they can introduce a description of the issue/problem they

Fig. 5.5 New suggestion
form
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have observed or/and the suggestion proposed to solve the problem. Furthermore,
workers can specify the category an issue or a suggestion refers to via a
multi-selection list. The top context categories in the list correspond to the
dimensions captured in the “work models” defined in the Contextual Design
approach showing (cf. Beyer and Holtzblatt 1998; Holtzblatt and Beyer 2014). We
took into account the following context dimensions and corresponding models:

1. Communication/information dimension of workplace context captured in the
Flow model

2. Activity dimension of workplace context captured in the Sequence model
3. The environment dimension of workplace context captured in the Physical model
4. Tool/document dimension of workplace context captured in the Artefact model
5. Social/cultural dimension of workplace context captured in the Cultural model

These categories are further detailed. Whenever a (sub-)category is selected, a
new list with the corresponding instances is provided to the users so that they can
specify the detailed category for their issue/suggestion.

For instance, Fig. 5.5 shows an issue (“Temperature in the warehouse is too
high”) related to the environment category (context dimension) and, more specif-
ically, to the place dimension. Whenever a category is selected among the ones in
the drop-down list (cf. “It concerns: Place” in Fig. 5.5), an updated list containing a
set of instances of that category is shown below.

Finally, workers can decide whether they want to share their issues and sug-
gestions only with colleagues, only with management or both. Whenever they share
a suggestion with colleagues, they can express their opinion about the proposed
suggestion in two ways: (i) through a mechanism for supporting or taking position
against a specific suggestion; (ii) and/or starting an open (i.e. free-text) discussion
about the reported issue/suggestion. When a suggestion is shared with the man-
agement (i.e. in the “Management only” and in the “Everybody” case), workers can
also choose with whom, either the Warehouse Manager or the Quality Manger, to
initially share the issue/suggestion. According to the suggestion making process,
workers can decide which one of the two managers has to be involved first.

Once a suggestion is saved, all users sharing it can read and discuss the sug-
gestion. Specifically, each worker can access a table with the latest ten suggestions
(the date and the time at which it was proposed, the proposer as well as the
decision) shared with him/her. Moreover, an advanced search functionality allows
users to retrieve reports according to elaborated criteria. A detailed-view function
allows them to access the complete information related to the specific
issue/suggestion in the corresponding row.

Besides the date, the proposer and the data inserted by the proposer (i.e. the
issue, the suggestion, the categories and the sharing policy), the popup of the
detailed-view function allows users to visualize the current status of the report
(pending, accepted or rejected), the management’s feedback (first feedback, final
decision and rationale of the decision) and the number of colleagues
supporting/non-supporting the report. A further detailed view about the status of the
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current suggestion is available when clicking on the “View Status” button (see
Fig. 5.6): a red circle indicates the subject currently in an active state (in the
Suggestion Management process it is the manager who is currently handling the
suggestion). Finally, the popup provides the colleagues of the proposer with the
possibility to rate the report through the “I like/I don’t like” buttons, as well as to
discuss about it (“Discussion” button). The rating buttons increase the counters of
the supporters and the opponents for a specific issue, while the discussion button
opens a new popup enabling to start or continue a discussion on a certain topic.

In case an issue/suggestion is not shared with the management, it can be updated
by the proposer by clicking on the “Update” button in the suggestion menu.
Subsequently, users may edit and update all the data related to the selected
issue/suggestion or remove it.

When, instead the issue/suggestion is shared with the management, the
Suggestion Making process (reported above) is triggered and proposers cannot
update it anymore. Regarding suggestion management, managers can access reports

Fig. 5.6 Detailed view of the current status of the process
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in the specific approval section, the issue/suggestion approval and two function-
alities related to the data analysis. By clicking on the “Approval” button, managers
are able to visualize the list of suggestions.

Whenever a manager is in charge of giving feedback about a given issue or
suggestion, he/she can do it by exploiting the “Feedback” button (Fig. 5.7). The
“Feedback” button will provide him/her an input form. For instance, Fig. 5.8 shows
the input form for the quality manager when providing initial feedback to a sug-
gestion. In this form the quality manager is able report his/her quick feedback about
the suggestion, e.g. how long it could take to further process it, and why, or who
needs to be involved.

The discussion-management feature, can be accessed both by starting a dis-
cussion associated to a specific report, and through a dedicated menu. The dis-
cussion menu offers the possibility to start a new discussion by providing a topic
and related content, to visualize existing discussions, and to participate in a dis-
cussion already started. In addition, for discussions, the advanced search feature can
be exploited to retrieve desired discussions.

Error Management Submodule

The error management submodule takes care of collecting the non-conformance
reports by workers in their everyday work. Non-conformances can be discovered at
different stages of the inspection process, and can be classified according to dif-
ferent criteria. The error management submodule enables workers

Fig. 5.7 Issue/suggestion approval

Fig. 5.8 Form for first feedback on a suggestions for the QM Area Manager
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• To autonomously report these problems in the system in a simple and efficient
way, thus giving them a more active role in the work, while decreasing the load
of a single responsible of the error reporting

• To share problems and non-conformances with colleagues, thus making
everybody aware of the problems and the issues already reported, and

• To track the non-conformances in a systematic way, thus providing useful data
for further analysis

This submodule provides users, similarly to the suggestion management sub-
module, with three main functionalities: creation of a new error, error visualization
and error update.

Workers can report observed errors using the form in Fig. 5.9. Specifically, a
multi-selection drop-down list allows them to select the error reporter(s), and the
type of error. During the inspection process, for instance, the incoming goods are
subject to different checks (DDT2 Check, package integrity check, quantity check,
sample check and quality check). The radio buttons in the form allow workers to
select in which of these checks (i.e. at which step of the inspection process) the
non-conformance has been detected. Moreover, the interface allows for reporting
the codes of the product and product supplier. This information can be read with a
barcode reader in order to speed up the process and reduce errors occurring in
manual data insertion. Filling in the other fields of the form depends on the type of
check selected by the user. According to the type of check, the most common
categories of non-conformances for that check are shown to the worker, thus
enabling him/her to select the most appropriate. For instance, in the package
integrity check case, the worker can provide a textual description and, if necessary,
upload a picture proving the problem noticed in the packages (see Fig. 5.9).

Finally, the tool offers functionality allowing users to import special types of
non-conformances from a csv file. The user can choose whether to manually insert a
single error, or to load a number of new errors from a csv file.

The error visualization functionality makes it possible to visualize the last ten
reported errors, by showing at a first glance, the date, the reporter, the error check
type and the category(ies). Finally, the advanced search button allows users to
search for a particular error by specifying advanced search criteria, as in the case of
suggestions, and a view button for each error, allows workers to access the detailed
content of the error report.

A popup enables workers to visualize the information reported at the creation of
the error (reporter, error check type, description and categories, product, supplier
and DDT barcodes, as well as a link to the picture associated to document the
event), the date and a link to visualize the specific check phase in the corresponding
S-BPM process diagram. Furthermore, the popup visualizing the details of each
non-conformance provides an “Update” button allowing workers to immediately
update a non-conformance report. In such a form, the worker can change each of

2DDT is an acronym for the Italian expression “documento di transporto” (English: transportation
document).
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the fields she/he has inserted (including uploaded pictures for errors). Moreover, the
form offers the possibility to completely remove the reported error. Such an update
form is accessible not only through the “Update” button from the error visualization
popup, but also through the “Update” button in the error menu. Such a button
provides users with the classical table with the latest ten reported errors for the error
update. If the non-conformance is not among those errors, the advanced search can
be carried out by clicking on the corresponding button.

Change Analysis and Propagation Module

This section describes ways to analyse the impact and the propagation of changes
based on the collection of workplace knowledge. Impact analysis and change
propagation are concerned with identifying the potential consequences (side effects)
of a potential local change for other areas of a system as well as for the system as a
whole (Bohner and Arnold 1996). The change analysis and propagation module
provides three main sets of analysis functions: data analysis visualization, impact
analysis visualization and change propagation.

Fig. 5.9 New error—
package integrity error
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The purpose of data analysis visualization is to provide a visual representation of
the instance data, e.g. related to non-conformances. Specifically, the functionality
allows for the parallel visualization of two plots, each showing the trend of the
instance data. The manager or the analyst can select, for each of the two plot areas,
a specific type of plot, and configure the corresponding parameters. At this point,
managers and analysts can visualize the desired trend in the plots. For instance,
Fig. 5.10 shows the first plot reporting the number of errors per type of product, and
a second one reporting the errors across the different error categories for the product
with a specific code.

The impact analysis localization function aims at providing insights into the
suggestions proposed by workers by showing which workers are potentially
affected by the report. This function can be utilized by managers and analysts by
clicking on the “Localization Analysis” button nearby each issue/suggestion in the
approval form in Fig. 5.7, in order to understand which workers could be affected
by the specific issue and/or suggestion. The Localization Analysis functionality
relies on the categories defined by the workers and on the domain knowledge
encoded in the system in order to understand which subject could be affected by the
report. For instance, let us consider the suggestion related to the temperature
decrease and the domain knowledge about the subjects that work_in the warehouse
(e.g. the warehouse_manager, the ddt_checker, the quantity_checker, the quan-
tity_rechecker and the quality_checker). The subjects affected by the suggestion
will be the subjects that are related via a work_in relation to the warehouse. The
concrete people affected by the suggestion report will be those who are assigned to
perform the subject behaviour.

Fig. 5.10 Plot visualization
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Finally, the change propagation function provides suggestions on how to
propagate changes occurring on the instance level up to the model level. To this
purpose, managers/analysts can select from a set of constraints and rules and
customize it with the opportune parameters. Rules have the form “if HEAD then
BODY”, where HEAD usually represents the constraint/set of constraints that
cannot be violated, while BODY is the possible action that has to be taken on model
level if the (set of) constraint(s) is (are) violated. More than one rule can be
specified, and, according to the type of rule, different parameters need to be pro-
vided. The result, provided in the form of change suggestions of the model, is the
output of the inference engine in charge of propagating the rules on the real data.

5.2.3 Formative Evaluation Results and First Prototype
Refinement

In parallel to the development phase, the formative evaluation has been carried out.
In this section, we report the results related to the three formative evaluation
activities together with the subsequent actions taken. Part of these results has been
used for the definition of the first prototype and part for its refinements.

5.2.3.1 Developer Workshops
During the developer workshops some Critical Technical Issues (TI) related to
KE1/2/3 have been discussed between developers and evaluators. They are reported
in the following, and grouped according to the main prototype functionalities they
refer to.

• Suggestion and Feedback Management (SFM)

– TI_SFM1. User-friendly interfaces for the report and suggestion involvement
of workers

– TI_SFM2. MoKi/MC-Flow integration

• Error Management (EM)

– TI_EM1. Quick and easy-to-use interface for the everyday use by workers.

• Change Analysis and Propagation (CAP)

– TI_CAP1. Data acquisition from a proprietary ERP software. In Company B
a proprietary ERP IT solution is used for collecting data related to everyday
errors. Since these data represent the input for the Change Analysis and
Propagation module, possible solutions have been discussed for the acqui-
sition of the data
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• Workplace Re-design (WR)

– TI_WR1. MoKi/MC-Build integration

5.2.3.2 Focus Groups
Two focus groups—Focus Group I and Focus Group II—were conducted at
Company B in order to investigate and collect feedback about KE1, KE2 and KE3:

1. Suggestion and FeedbackManagementmainly investigated during Focus Group I
2. Error Management mainly investigated during Focus Group I
3. Workplace Re-design mainly investigated during Focus Group II

Focus Group I has been conducted with 8 users, including both warehouse
workers and managers. Focus Group II has been conducted one month later and
involved the same 8 employees. In both cases, goals and purposes of the focus
group were introduced to the users.

In Focus Group I, a prototype based on dynamic mock-ups was shown to the
users in order to allow them to get an idea of the dynamics required for the
collaborative reporting of issue and suggestions as well as of errors. Focus
Group II was conducted at Company B to collect and gather information and
feedback to the context dimensions. The focus group was split into 2 sessions, one
together with the workers and one with their superiors. The questions for the
workers addressed the understanding of work context dimensions (see Sect. 5.2.2.1)
and motivational aspects. The workers were asked to provide samples related to the
defined work context dimensions “Tools”, “Communication and Information”,
“Task and processes”, “Environment” and “Cultural/Personal”. We explored
identical issues involving the management. Additionally some questions regarding
re-design topics, e.g. the evaluation of work issues and related business analytics
were discussed with the management. Based on their experience all workers were
able to report several work issues for all the work context dimensions. The focus
group showed that the general concept of the proposed workplace context dimen-
sions is well understood, and thus applicable for the workers.

In the following the feedback gathered from the focus group participants is
reported. Results are organized per prototype functionality according to Acceptance
Issues (AI), Usefulness Issues (UI) and Design Issues (DI).

Suggestion and Feedback Management (SFM)

Acceptance of Suggestion and Feedback Management (AI_SFM)
Workers at Company B provided positive feedback with respect to means for com-
munication and suggestion support through electronic instruments (rather than by
means offace-to-face communication).Workers perceived this kind of tools as helpful
to allow them to keep track of the reported issues and suggestions. However, they did
not have a shared opinion about the possibility to report their issues directly to the
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upper management [AI_SFM1]. Some of them would like, when it is the case, to
directly communicate with the owner, while others do not feel that to be necessary.

The main concern workers have with respect to using the presented solution for
reporting problems and suggestions is related to the possibility that their input is
neglected by the management [AI_SFM2]. Management, on the other hand, is
mainly afraid that workers could not actively participate in the project and that
could limit their suggestions in the system to few instances. They are not convinced
that receiving feedback would for sure motivate workers to make their proposals,
also because not all the proposals can be implemented. A second concern is related
to the anonymity issue. Few workers would prefer to have the possibility to make
anonymous suggestions, while the others do not see the need to keep their sug-
gestions and reports anonymous [AI_SFM3]. Last but not least, managers do not
believe that the proposed technology-based solution can be fast and they do not
want it to interfere with the workers’ work [AI_SFM4].

Perceived Usefulness of Suggestion and Feedback Management (UI_SFM)

The main expectation workers have with respect to the use of electronic support for
communication is getting feedback from the management [UI_SFM1]. They hope
this feature could allow them to work better and to find actual solutions for their
problems. Moreover, both workers and managers believe that introducing electronic
means for reporting issues and suggestions would be useful for traceability pur-
poses. Managers hope that workers can be actually active in providing solutions and
that the system could help in improving the company process and climate, fostering
the workers’ understanding.

Design of Suggestion and Feedback Management (DI_SFM)

Workers would like to have the possibility to provide feedback to colleagues’
suggestions [DI_SFM1]. Managers, on their side, would like to support the elec-
tronic answer also with the verbal communication in order not to neglect the human
dimension. Moreover, for security and external access reasons, managers do not
like the idea of using electronic devices outside of the workplace [DI_SFM2].

Workplace Re-design (WR)

Acceptance of Workplace Re-design (AI_WR)

Workers do not have particular concerns about collecting issues and suggestions
together with the contextual dimension(s) they belong to (see Sect. 5.2.2.1). On the
other hand, management believes that being aware of the work context and
acquiring information is in general important to better organize the work.

Design of Workplace Re-design (DI_WR)

Workers believe the most important aspects for (the improvement of) their work-
place relate to the communication/relationship dimension and to the procedural one.
The view is only partially shared by some of the managers, who believe that
company’s procedures have already been optimized at the best and that special care
has already been given by the company to the communication. Moreover, workers
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and managers also identified concrete examples of workplace issues/suggestions
referring to the tool, environment, as well as the cultural social environment cat-
egory [DI_WR1].

5.2.3.3 User Tests
Two user tests—User Test I and User Test II—were conducted at Company B in
order to investigate and collect feedback about the following main components of
KE1/2/3:

1. Suggestion and Feedback Management during User test II
2. Error Management during User test I
3. Change Analysis and Propagation during User test II

User test I was conducted with 7 users, while User Test II was conducted few
months later and involved 5 warehouse workers and 1 manager. In both cases an
introduction about the purpose and the goal of the user tests were provided to the
participants. Later on, a demo about the prototype functionalities to be investigated
in the specific user test was shown to the users.

Specifically, in User test I, the functionalities of the Error Management com-
ponent were shown to the users. In User test II, first the Suggestion and Feedback
Management component was demonstrated to workers, and in the second phase, it
was presented to the managers by showing them how to provide feedback to the
workers. Finally, in the third phase, the Change Analysis and Propagation module
was presented to the manager, who is responsible for this type of analysis. After
each presentation session, users have been observed by at least an observer while
accomplishing simple tasks exercising the different functionalities to be evaluated.
For instance, workers were asked to simulate a situation in which they need to
report an issue, using the functionality for the creation of a new issue of the
Suggestion and Feedback Management component.

Finally, after users had experienced the components, they were asked to fill in a
questionnaire (inspired by the ISONORM 9241/10), in order to capture their per-
ception about ease of use, efficiency, ease of understanding, usefulness, and overall
impressions and suggestions about the system. The items were mostly questions on
a 5-point Likert scale (where 1 = I strongly agree and 5 = I strongly disagree).

Suggestion and Feedback Management

The following Functionalities (F) have been investigated for the Suggestion and
Feedback Management (SFM) during the user tests:

F1_SFM. Creation of a new issue and suggestion report
F2_SFM. Retrieval and visualization of a suggestion report
F3_SFM. Suggestion discussion reply
F4_SFM. Suggestion voting
F5_SFM. Suggestion status
F6_SFM. Retrieval and update of a suggestion report
F7_SFM. Advanced search of a suggestion report
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F8_SFM. Discussion creation
F9_SFM. Suggestion feedback by managers

The findings related to the functionalities are described in the following. Find-
ings are reported as USability Issues (USI) related to the Suggestion and Feedback
Management (USI_SFM):

• Issues related to the capability to describe itself:

– Some labels containing terms not translated from English to Italian (because
terms sometimes used in Italian) were not clear for the users [USI_SFM1]

– Some labels were not clear for users who did not understand the meaning of
the corresponding field or button [USI_SFM2]

• The labels of some of the buttons are difficult to read [USI_SFM3]:

– Sometimes users were a bit confused about which context dimension (among
the proposed ones) to associate to the suggestions [USI_SFM4]

• Issues related to the navigability of the system:

– When the number of items in lists is too high, users found it difficult to use
the advanced search in order to be able to visualize older items [USI_SFM5]

– Sometimes, after a save or an update action, the interface is redirected to the
main menu, thus making users confused about the action carried out
[USI_SFM6]

• Issues related to its capability to fit the user needs:

– Managers asked about the possibility to receive e-mail notifications
[USI_SFM7]

– Managers asked about the possibility to refine the designed suggestion
process [USI_SFM8]

– Managers asked about the possibility to export the stored suggestions
[USI_SMF9]

• Issues related to its efficiency:

– The tool was slow [USI_SFM10]

User test questionnaire results—Suggestion and Feedback Management
After each user test, the users filled in a questionnaire. The results related to the
main items can be summarized as follows:

• Perceived Ease of use. All users (absolutely) agree on the ease of learning to
handle the module. Only one out of 6 users declared to be not sure about the
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overall ease of use of the module. Overall, however, users agreed on the ease of
use of the module

• Perceived Efficiency. Overall, users do not have a homogeneous perception of
the extra time required for using the module. However, in general they disagree
about the fact that using the suggestion module would require a huge quantity of
extra time. They rather perceive they have enough knowledge and resources

• Perceived Usefulness. Concerning the capability of the module to improve the
accomplishment of personal tasks, users showed some doubts, though still overall
resulting in a positive evaluation. However, overall, users totally agree about the
positive effect on introducing the module in their working environment

• Positive Aspects. Among the most appreciated benefits the users expect from
this specific module, is the improvement of the collaboration between workers
and managers, as well as the workers’ empowerment

Error Management

The following Functionalities (F) of the Error Management (EM) module have
been investigated:

F1_EM. Creation of a new error report and picture upload
F2_EM. Retrieval and visualization of an error report
F3_EM. Retrieval and update of an error report
F4_EM. Advanced search of an error report

The findings related to the functionalities are described in the following as
Usability Issues of the Error Management (USI_EM):

• Issues related to its capability to describe itself:

– Some labels were not clear for the users, who did not understand how to use
the corresponding field or button [USI_EM1]

– For some inputs it was not clear to users whether the input is compulsory or
not [USI_EM2]

• Issues related to the navigation elements of the system:

– Some of the buttons in the interface are not easy to find [USI_EM3]. For
instance, they found it difficult to find the “Back” button in the interface

– Some functionalities in the system cannot be accomplished in an efficient
way [USI_EM4]. For instance, they found it inefficient to update an error
when they visualize it. Indeed this would require users to close the current
visualization popup (see Fig. 5.15), go back to the error management menu,
and press the update button rather than having the possibility to directly
update the visualized error
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– Interfaces had a resolution not fitting the use of monitors at the shop floor in
Company B, thus demanding users a lot of effort with the scrolling bars
[USI_EM5]

• Issues related to its capability to fit the user needs:

– Users asked about the possibility of using different devices [USI_EM6]. For
instance, they proposed the use of tablet or smartphones for the creation of
suggestion reports

• Issues related to its efficiency:

– The tool was slow [USI_EM5]

User test questionnaire results—Error Management
After each user test, the users filled in a questionnaire. The results related to the
main items can be summarized as follows:

• Perceived Ease of Use. Overall users agree about the ease of use of the module.
Specifically, they all (absolutely) agree about the ease of use when learning to
use the tool and the ease of using it as they want

• Perceived Efficiency. All users (absolutely) agree about the fact that they have
the needed resources to use the module and only one has doubts about having
the required knowledge to use the system. They overall do not know whether
using the module would require extra time. However, overall, users agree about
the efficiency of the module

• Perceived Usefulness. All users (absolutely) agree about the usefulness of the
module not only for a more efficient accomplishment of the personal tasks, but
also for the company. Moreover they all believe that using the module in actual
operation is a good idea

• Negative Aspects. Among the main drawbacks of the module, the users listed the
fact that the module is not integrated with their ERP system

• Positive Aspects. Workers reported about several benefits that they perceive the
system could provide to them: The possibility to report errors quickly, to track
errors, and to make available statistics about errors per supplier, thus improving
the relationship with suppliers

Change Analysis and Propagation

The following Functionalities (F) of the Change Analysis and Propagation (CAP)
component have been investigated:

F1_CAP. Impact Localization
F2_CAP. Error Analysis Plot Definition and Visualization
F3_CAP. Change Propagation Rule Definition and Application
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The findings related to the functionalities are described in the following. Find-
ings are reported as USability Issues (USI) related to the Change Analysis and
Propagation (USI_CAP):

• Issues related to the capability to describe itself:

– The labels used for specifying the input required in the analysis plot defi-
nition are difficult to understand [USI_CAP1]

– The labels shown in the result visualization are difficult to read [USI_CAP2]

• Issues related to its capability to fit the user needs:

– Managers asked about the possibility to persistently store the defined rules
[USI_CAP3]

User test questionnaire results—Change Analysis and Propagation
The questionnaire related to the Change Analysis and Propagation component was
filled in by a single user—the Quality Manager. Hence, the results cannot be
considered as significant like the other ones. Overall, the user has a neutral position
concerning the perceived ease of use and efficiency of the module, and he agrees
about the usefulness of the Change Analysis and Propagation module for
improving the performance of the team and about its benefit when introducing it
into the work environment.

5.2.3.4 Consequences and Measures
The discussion of the criticalities identified during the developer workshops, focus
groups and users tests, led to the adoption of some changes, both on the use case
and on the system level. In some cases, the same functionality has been iteratively
refined during the three formative evaluation activities. In the following, we report
for each of the prototype components the actions taken as a consequence of the
formative evaluation.

Suggestion and Feedback Management

The feedback gathered during the developer workshops [TI_SFM1, TI_SFM2]
inspired the implementation of the Suggestion and Feedback Management com-
ponent (see Sect. 5.2.2). The focus group confirmed the acceptance and usefulness
of the easy-to-use interfaces developed for the system [AI_SFM2]. Furthermore, the
focus group influenced design choices specific to the use case (e.g. not allowing the
use of the system from alternative devices [DI_SFM2]) and inspired enhancing the
existing prototype with certain functionalities, such as the suggestion voting
[DI_SFM1]. Finally, user tests supported further refinements of the user interface
components. In the following, we exemplify some of the improvements:

• Labels have been translated [USI_SFM1] and reworded [USI_SFM2] (e.g. see
screenshot in Italian in Fig. 5.11)
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• The size of buttons has been increased in order to make labels readable
[USI_SFM3] (see screenshot in Italian in Fig. 5.12)

• Buttons Previous and Next to navigate among suggestions have been added
[USI_SFM5] (see screenshot in Italian in Fig. 5.13)

Fig. 5.11 Suggestion advanced search—translated and reworded labels (USI_SFM1 and
USI_SFM2)

Fig. 5.12 Suggestion view—increased button size and voting functionality (USI_SFM3 and
DI_SFM1)

142 C. Di Francescomarino et al.



• Redirection after approval of a suggestion to the main menu rather than to the
pending suggestion list has been introduced [USI_SFM6].

• Export functionality in csv has been introduced [USI_SMF9] (see screenshot in
Italian in Fig. 5.13)

Error Management

As a consequence of the developer workshops and of the focus groups [TI_EM1], a
first prototype for the Error Management has been implemented (see Sect. 5.2.2).
User tests allowed for further refinements of the Error Management component of
the prototype:

• The “Back” button has been moved on top of the page and its size has been
increased [USI_EM3] (see Fig. 5.14)

• A functionality for directly moving from the error visualization to the error
update has been introduced [USI_EM4] (see Fig. 5.15)

• Problems with scrollbars have been fixed [USI_EM5]

Fig. 5.13 Suggestion visualization—added previous and next buttons (USI_SFM5) and CSV
export functionality (USI_SFM9)
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Change Analysis and Propagation

As a consequence of the developer workshops and of the focus group [TI_CAP1], a
first prototype for the Change Analysis and Propagation has been implemented (see
Sect. 5.2.2). User tests allowed for further refinements of the Change Analysis and
Propagation component of the prototype, such as the space size of the labels in the
plot has been increased [USI_CAP2].

Fig. 5.14 Error management menu—Back button (USI_EM3)

Fig. 5.15 Error view—functionality for the direct navigation from the error view to its update
(USI_EM4)
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Moreover, the feedback provided by users revealed further improvement
opportunities for the Change Analysis and Propagation module, such as the pos-
sibility of introducing the persistent storing of the defined change propagation rules
[USI_CAP3].

5.2.4 The Second Prototype Design

This subsection reports the refinements applied to the Change Propagation and
Collaboration prototype as a consequence of the requirements provided by the
users after the formative evaluation.

5.2.4.1 Suggestion and Feedback Management
The following New Functionalities for the Suggestion and Feedback Management
modules (NF_SFM) were introduced concerning to the second prototype:

• NF_SFM10: the suggestion process enactment has been enriched with a
mechanism that enables the involved managers not only to visualize the new
suggestions in the prototype but also to be notified via e-mail when a new
feedback is requested from their side

• NF_SFM11: an exception handling mechanism has been added to the
Suggestion Process in order to avoid dead ends of the process. In case involved
managers do not respond to a request for feedback, the flow of the process can
be recovered

5.2.4.2 Error Management
The following new functionalities for the Error Management module (NF_EM)
were introduced concerning the second prototype:

• NF_EM5: a new functionality for uploading data from CSV files exported from
other systems has been implemented. For instance, Fig. 5.16 shows screenshots
of the two import interfaces for quality errors and for new batches, respectively.
Data in the first group are errors (and as such the upload functionality has been
added to the error page) already tracked in another system, while data in the
second group are incoming batches used in the analysis phase. A new utility
functionality controlling the format of the csv files to be imported has also been
implemented. For instance, Fig. 5.17 shows the messages printed out when the
csv import procedure succeeds or fails, respectively

• NF_EM6: a new functionality carrying out checks on the format of (some of)
the data (e.g. product or supplier codes) inserted in the system has been
implemented. For instance, Fig. 5.18 shows alert messages (in Italian) popping
up in case the product barcode and the supplier barcode are not in the correct
format, or the description has not been inserted into the error form
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Fig. 5.16 New csv data import functionality (EM5)

Fig. 5.17 New csv import check utility functionality (EM5)
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5.2.4.3 Change Analysis and Propagation
The following new functionalities for the Change Analysis and Propagation module
(NF_CAP) were introduced concerning the second prototype:

• NF_CAP3: a new functionality for persistently storing instantiated rule templates
has been developed. Specifically, the functionality allows for grouping instan-
tiated rule templates into configurations and for using these off-the-shelf rule
configurations when needed. Figure 5.20 shows an example of a rule configu-
ration that can be immediately used for propagating changes (button “Propagate
Changes”), or just to store, in order to be used later on for the change propagation
(button “Save Configuration”). The Change Propagation and Collaboration
prototype offers the possibility not only to create new rule configurations (in
order to store or to propagate them), but also to retrieve a specific configuration,
as well as to (retrieve and) update existing rule configurations (Fig. 5.19)

• NF_CAP4: a functionality for the automatic check of the active rule set con-
figuration has been implemented. This functionality allows for the execution of
change propagations of a single rule set configuration (the only one marked as
the active configuration in the system) with regular frequency (e.g. every day),
and for the e-mail notification of the results of such an execution

Fig. 5.18 New error data check (EM6)
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Fig. 5.19 Refined requirements CAP1 and CAP2 (top screenshot), and changes performed
(lower part screenshots)

Fig. 5.20 Definition of a new rule set configuration (CAP3)
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5.3 Case Implementation

This section describes the implementation steps carried out in Company B, both on
the organizational (Sect. 5.3.1) and the technical level (Sect. 5.3.2).

5.3.1 Organizational Implementation

The organizational level is crucial for every type of project in SMEs. Within these
companies it is important to value each individual as a professional, capable of
autonomously taking his/her own responsibility and, at the same time, as part of a
group to which a valuable contribution is made (Cesaro 2016). In order to allow all
people involved to feel part of the project and be active on what it is evolving
within the company, from the management to the workers, including directors and
owners, different steps need to be performed. The Company B case was such a case,
since the people-centredness was the core focus of the intervention.

The first step was an analysis of the company’s as-is situation concerning both,
technology and organization, together with the use case definition (see Sect. 5.1). In
order to maximize people’s acceptance, Company B’s employees have been
involved since the initial phases. Specifically, top management (the purchase
manager and the logistic manager), middle management (the quality manager and
the warehouse manager) and workers from the shop floor of the goods-incoming
area (5 workers different for ethnicity, gender and age-class) were involved per-
sonally in this process. Thereby, they were asked to contribute according to their
perception inputs about the workplace and their specific needs and expectations.

The next step was the definition of the requirements for both workers and
managers. To this aim, based on the defined use case, user stories were formulated
by workers, management and requirement experts, defining functional requirements
(see Sect. 5.1.2.2). A two-phase approach was implemented for the user story
collection in the company. First, a set of user stories has been defined by man-
agement and, subsequently, the set has been validated and edited by workers.
Specifically, workers were encouraged to add, change, prioritize and even remove
user stories. Moreover, different focus groups were held in Company B, aiming for
feedback and inputs from workers as well as management.

After requirements elicitation, the first software mock-ups were built. These
mock-ups have been presented and collaboratively refined in the course of focus
groups carried out in the context of the formative evaluation (see Sect. 5.2.1). The
focus groups offered also the opportunity to update all the people involved in the
company about the different steps carried out, and to collect direct feedback in an
open format. Different sessions were put into place with the workers, with the
managers and with the whole group (workers + managers). The different sessions
supported the analysis of the needs of different subjects in the process, and allowed
to merge the results and feedbacks from different point of views.

5 People-Centred Production Design 149



Based on the results from the focus group sessions, a first software release was
created and tested with employees in Company B. In dedicated user tests (see
Sect. 5.2.1), employees were able to explore different features and provide imme-
diate feedback on positive/negative aspects and potential improvements. In advance
to the actual user tests, two different training sessions were conducted, a session
with the management and another one with the workers. During these sessions, the
software features were explained and the people involved could directly try them
out and ask for clarifications when needed. In each of the two user-test sessions,
users have been asked to use the system and have been observed in their interaction
with the system, while exercising its different functionalities. Finally, they have
filled in a questionnaire (inspired by the ISONORM 9241/10), aiming at capturing
their perception about the ease of use, efficiency, ease of understanding, usefulness
and overall impressions and suggestions about the system. The outcome of the user
tests was considered as input to the successive development steps.

The developments at Company B aimed to empower people to contribute to
workplace re-design and improvement. In the literature, two complementary views
on empowerment at work and employee involvement have emerged: a
socio-structural and psychological perspective (Liden et al. 2000; Spreitzer 2007).
The socio-structural perspective focuses on “conditions that enable empowerment
in the work-place” whereas the psychological perspective focuses “on the psy-
chological experience of empowerment at work” (Spreitzer 2007, p. 54). In general,
socio-structural empowerment can be subsumed as the sharing of decision-making
power between superiors and subordinates (Liden et al. 2000; Spreitzer 2007).
Empowering employees to take part in innovation and improvement processes
requires organizational structures facilitating employee involvement as well as
adequate tools supporting employee commitment (Fairbank and Williams 2001). In
line with (Fairbank and Williams 2001), the developments at Company B targeted
such organizational procedures and adequate tool support for empowering workers
and management.

We conducted semi-structured interviews with workers and managers of the two
company’s departments involved. The main purpose of the semi-structured inter-
views was looking at the workers’ and managers’ perception of the objective
achievement. Moreover, some of the defined questions were also devoted to
investigate the users’ perception about the usability and usefulness of the provided
instruments. Among the different aspects investigated with the semi-structured
interviews (see Sect. 5.4), the empowerment has been thoroughly inspected by
taking into account the different dimensions described by Spreitzer (1995). All
workers declared to feel deeper involved in the workplace improvement process
than before, as well as to be motivated on keeping suggesting new ideas, since they
can clearly see the path of their suggestions. They also stated receiving a feedback
even if the suggestion was refused was a sufficient driver to keep them motivated to
insert new suggestions. At the same time, the opportunity to give a suggestion and
receive feedback or report an error, increased their perceived ability of making
meaningful actions, in order to improve the workplace. Moreover, the fact of being
taken into consideration helped some of them, especially the youngest workers, to
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ask for more responsibilities and power for actively participating to workplace
re-design. Managers shared that perception, although some of them agreed workers
could have been further motivated by offering them other forms of incentives.

5.3.2 Technical Implementation

Concerning the technical implementation, the developments carried out had to be
adapted for the hardware and software support already existing in the company.
Data in Company B are stored in a central database. The server can be accessed
through a number of devices located within the factory. Three main company areas
are involved in the use case: (i) the incoming goods area; (ii) the office of the
acceptance area; (iii) the quality manager’s office. Each of these three areas is
equipped with a PC for communicating with the server and tracking the arrival of
incoming goods, reporting quality errors, deciding on whether to move the
incoming goods to the warehouse or to the production line. Specifically, the
acceptance area is equipped with a PC shared by the workers in charge of dealing
with the incoming goods. The office in the acceptance area is equipped with four
PCs and the quality manager’s office with another one.

Moreover, in the incoming goods area, workers are provided with barcode
scanners to simplify data input. Due to security reasons, a solution based on
existing PCs has been preferred. However, the components of the IT solution are
built in order to be easily adapted to other devices such as tablets or smartphones.
IT components are installed on a server in Company B and can be accessed by
workers through the PCs in the incoming goods area, in the office of the incoming
goods area and the project manager office.

With respect to software components, the implementation of the software
modules installed at Company B required the integration of two main base tech-
nologies: The Metasonic Suite and the MoKi-based collaboration environment.
Metasonic Suite, by exploiting a proprietary database (Metasonic Suite DB) enables
the execution of S-BPM process models (e.g. the suggestion handling process
model) through simple and portable user interfaces, FlowNG interfaces, which are
automatically built starting from the business objects of the S-BPM process models.
Although these interfaces can in principle be adapted to different devices, Com-
pany B preferred to use these interfaces only from company internal. MoKi offers a
collaborative environment for issue and suggestion reporting enriched with rea-
soning capabilities for analysis utilities (e.g. rule-based propagation of data chan-
ges). The interaction between Metasonic Flow and MoKi is mediated via a shared
repository, which guarantees the communication and the synchronization between
the two system components and their corresponding repositories.
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5.4 Case Evaluation

This section describes the case study evaluation carried out at Company B in order
to investigate the achievement of the use case goals and objectives as defined in
Sect. 5.1.1. In the following, the evaluation framework (Sect. 5.4.1) and the results
are presented (Sect. 5.4.2).

5.4.1 Summative Evaluation Framework

Figure 5.21 depicts the case evaluation framework adopted for the Company B use
case. The basis of the framework contains three pillars: the case evaluation ele-
ments, the evaluation methods and the evaluation dimensions. The case evaluation
elements represent important realized case components (e.g. prototypes, methods)
to be evaluated. The evaluation methods are the methods that are used for the
evaluation. Finally, the evaluation dimensions are the high-level perspectives that
we are interested in to evaluate each case evaluation element. We detail each of
these pillars for the current case subsequently.

The following four case evaluation elements (CEEs) have been defined during
the case evaluation design for the “Empowered Workplace Improvement” case:

• CEE1. Improvement of the internal communication and collaboration
• CEE2. Facilitation of context-sensitive error reporting
• CEE3. Facilitation of change and error analysis
• CEE4. People-Centredness

Fig. 5.21 Case evaluation framework instantiated for the Company B case, i.e. the “Empowered
Workplace Improvement” case
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Three evaluation dimensions have been investigated:

• Achievement of goals and objectives: this dimension focuses on the achievement
of the use case goals and objectives defined in Sect. 5.1.1. It aims at evaluating
the achievement of the use case goals

• People-centredness: this dimension focuses on the overall objective to providing
adequate instruments supporting the involvement and the participation of factory
workers. Empowering people to participate in the improvement of their work-
place requires both organizational structures facilitating employee involvement
as well as adequate tools supporting employee commitment (Fairbank and
Williams 2001)

• Usability and Usefulness: this dimension focuses on the IT system provided to
support the workers in the achievement of the goals. Specifically, it aims at eval-
uating the ease of use of the proposed solutions, their efficiency in the economy of
the everyday work, as well as their usefulness to achieve the main objectives

As for the data collection and analysis, both quantitative and qualitative eval-
uation methods have been used. Specifically, semi-structured interviews have been
designed and conducted, paper-and-pencil questionnaires have been prepared and
provided to users, and system data has been collected and analysed.

According to the summative evaluation framework, a number of tasks have been
performed when evaluating the case. We report the details about the instantiation of
the summative evaluation framework for the Company B case in the following.

The case refers to the material check in the acceptance area and the quality
management in Company B. Workers and managers belonging to two departments
have been involved in the evaluation: the incoming goods area and the quality
check department.

Three main groups of stakeholders were involved:

• Technology Providers, i.e. the technology providers involved in the imple-
mentation of the IT solutions as well as in the training of the system

• Users. Company B workers and management of the two departments described
above. Specifically, 8 persons have been asked to participate in the summative
evaluation: 5 of them belong to the category of workers, 2 of them to the
category of management and, finally, one of them, who belongs to the middle
management, actually holding the role of both, worker and manager. The age of
the involved users is well distributed across different ranges, thus allowing us to
receive different feedbacks on the basis of the age of the person involved.
Specifically, the age of the workers encompasses four different age categories:
one worker is under 20-years old, one is in the range 20–30, one worker over
50-years old, and all the others are between 30 and 40 years old. The managers
are all in the range 40–50. Finally, concerning the gender distribution, one out of
eight persons is female, while the remaining seven are males

• Evaluators. A team of different experts has been appointed to prepare and carry
out the evaluation
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For each of the four CEEs, a set of detailed objectives has been carefully
designed and, in turn, for each of the objectives, a set of questions and methods to
investigate their achievement and to evaluate usability and usefulness of the system
provided to support the users has also been prepared.

Three different types of data collection methods have been designed and
implemented: (i) semi-structured interviews; (ii) paper-and-pencil questionnaires;
(iii) system data. Semi-structured interviews have been mainly used to evaluate the
dimensions related to the achievement of goals and objectives, and
people-centredness. On the other hand, the paper-and-pencil questionnaires pro-
vided a means for evaluating mainly the usability and the usefulness of the system
supporting the workers. Finally, analysing the data collected from the system
facilitated to investigate more than one dimension. They reveal the workers’
involvement and engagement (people-centredness dimension), the achievement of
goals and objectives, such as the communication improvements (achievement of
goals and objectives dimension), as well as, in part, the ease to use the tool. All the
three methods involved the same group of users. In the following, each of the data
collection methods is detailed, in terms of aim and research design.

5.4.1.1 Semi-structured Interviews
The main aim of the semi-structured interviews is evaluating the users’ perceived
involvement in the project activities and in the workplace re-design, as well as their
perception about the achievement of the case evaluation elements objectives. The
interviews have been collaboratively designed by the evaluators. Specifically, a set
of objectives has been defined for each case evaluation element. In order to
investigate the achievement of each of these case evaluation elements, a set of items
has been defined. In the following, the objectives for each of the case evaluation
elements are listed:

• CEE1. Improve the internal communication and collaboration

– Increase traceability of (suggestion and feedback related) information flow
– Increase transparency of communication (related to workplace

improvements)
– Facilitate meaningful information exchange of workplace improvements
– Application of methods and tools to support collaborative re-design and

information exchange

• CEE2. Facilitate context-sensitive error reporting

– Error description
– Error classification
– Error display and search

154 C. Di Francescomarino et al.



• CEE3. Facilitate change and error analysis

– Facilitate error analysis
– Facilitate automatic proposal of error-related improvements
– Facilitate subject impact localization regarding suggestions

• CEE4. Ensure people-centredness

– Investigation of worker involvement/participation in workplace design
– Investigation of worker empowerment

5.4.1.2 Paper-and-Pencil Questionnaires
The aim of the paper-and-pencil questionnaires is evaluating the perceived usability
and usefulness of the IT system supporting the users in order to achieve the main
goal and objectives of the case evaluation elements. Three paper-and-pencil
questionnaires have been designed, in order to evaluate the IS support for the case
evaluation elements CEE1, CEE2 and CEE3. Specifically, the following main
mapping between case evaluation elements and the IT system components for the
users’ support can be devised:

• CEE1. Improve the internal communication and collaboration ! Suggestion
and Feedback Management component

• CEE2. Facilitation of context-sensitive error reporting ! Error Management
component

• CEE3. Facilitation of change and error analysis ! Change Analysis and
Propagation component

• CEE4. People-Centredness ! no direct IS support exists for this case evalua-
tion element, which is orthogonal to the other CEEs

Each questionnaire, inspired by the ISONORM 9241/10, has been designed to
investigate the following aspects for each case evaluation element:

• Perceived ease-of-use
• Perceived efficiency
• Perceived usefulness
• Willingness to use the system

5.4.1.3 System Data
Finally, system data has been collected with the aim to get a clear and objective
assessment of the usage of the technical solutions provided to the users, and to directly
or indirectly evaluate the achievement of some of the objectives. The selection of the
system data to be collected has been designed, in order to overall evaluate the actual
usage of the technical components as well as to investigate some of the specific
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objectives defined for each case evaluation element. In detail, the following main
metrics have been collected for the different case evaluation elements:

• CEE1. Improve the internal communication and collaboration

– number of workers’ suggestions, number of suggestions per user, number of
accepted suggestions, quality of the suggestions, number of involved man-
agers per suggestion, number of suggestions per affected workplace context,
number of discussions, number of supporters and opponents per suggestion

• CEE2. Facilitation of context-sensitive error reporting

– number of errors, number of errors per error category

• CEE3. Facilitation of change and error analysis

– number of rule configuration instantiation for the change propagation

Quantitative as well as qualitative (content) data analysis methods have been
used for analysing the collected data. Specifically, quantitative methods have been
used to analyse most of the paper-and-pencil questionnaires and the system data,
while qualitative data have been used for the analysis of the semi-structured
interviews. Both, Company B workers and managers have been interviewed and
asked to fill the paper-and-pencil questionnaires. The interviews have been carried
out in a one-day evaluation workshop at Company B. Each respondent has been
interviewed for about half an hour, and his/her answers were recorded. After the
interview, respondents have also been asked to fill in the questionnaires. After
collecting the data, they have been processed, analysed, interpreted and translated to
English.

5.4.2 Summative Evaluation Results

In this subsection, the results of the evaluation carried out for each case evaluation
element were used. The semi-structured interviews concerned each defined CEE.
The paper-and-pencil questionnaires and system data were used to evaluate those
CEEs demanding information system support, i.e. CEE1, CEE2 and CEE3.

5.4.2.1 Semi-structured Interview Results
Subsequently, we report the findings per case evaluation element and per objective.
Moreover, some of the defined items were also devoted to investigate the users’
perception about the usability and usefulness of the provided instruments. Some of
the case elements (i.e. CEE1 and CEE4) can be seen both from the workers’ and the
managers’ perspective. Consequently, different sets of items, looking at the same
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objective from two different perspectives, have been designed for the two cate-
gories. The others, instead, are relevant for only one of the two categories.

CEE 1: Improve internal communication and collaboration

This case evaluation element has been evaluated by taking into account both the
managers’ and the workers’ perspective.

Increase traceability of (suggestion and feedback related) information flow
The answers provided to this set of items reveal that all the involved workers
participated in the suggestion making process and found it easy and useful to track
the status of their suggestion(s), though some of them preferred to use the instru-
ment in collaboration with their colleagues (both, for making suggestions, and for
tracking the feedback). Similarly, all the managers participated in the management
of at least one suggestion either alone or together with their colleagues. The
managers’ opinions about the traceability and the formalization of the information
flow are discordant. While part of the management perceives the importance and the
need to trace the information flow, another part of the top management feels it is not
necessary due to the minimal context of the use case.

Facilitate meaningful information exchange on workplace improvements
The results of these items show that categorizing issues and suggestions within
predefined categories is not always easy to achieve, especially in a dynamic
environment of a factory. Among the possible impediments for some of the
workers, the fear of discussing ideas with the management has been mentioned.
Moreover, all the workers would really like to extend the usage of the system to
other departments.

Application of methods and tools to support collaborative re-design and infor-
mation exchange
The workers’ answers related to this set of items highlight that, although they do not
always use the system for voting about colleagues’ suggestions, the fact of inserting
a suggestion into the system stimulates the discussion in person. Although many of
the respondents (both workers and managers) prefer to discuss face-to-face, most of
them believe that it is of utmost importance to have the possibility to track a
suggestion in the system because this encourages the management to provide an
answer. Finally, both workers and (most of the) managers believe that the intro-
duction of the suggestion and discussion management has had an impact on the
workplace improvement, either in terms of implementing a suggestion, or
improving the discussion.

CEE 2: Facilitate context-sensitive error reporting

This case evaluation element has been evaluated by taking into account only the
workers’ (authors of the errors) perspective.
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Error description
Although not all the workers have directly reported an error in the system, all agree
that it is easy to do so. They all agree that the instruments they can use for reporting
errors, i.e. the textual description and the possibility to upload pictures, are suffi-
cient for their purposes. Many of them have noticed an overall improvement in the
behaviour of some of the suppliers.

Error classification
Overall, all the workers are satisfied with the five error categories the technical
support currently provides them to classify the errors. Moreover, all the workers
who have reported errors in the system have noticed that some of the error cate-
gories are more “important” than others, indicating with this statement that some
errors (e.g. quantity errors) affect the daily activities of more than one worker, thus
resulting in a loss of time for some of the workers. Before introducing the system,
these errors were not recorded, and the management could not see their frequency
and the actual impact on workers, neither in terms of taking actions per se nor
towards suppliers in order to solve them.

Error visualization and search
All workers highlighted that they only searched errors that have been reported by
themselves, and left any type of error analysis to the management.
CEE 3: Facilitate change and error analysis
This element was investigated only from a management point of view.

Facilitate error analysis
As for the workers (see CEE 2) also the managers agreed on the correctness and
completeness of the error categories available so far for characterizing the occurring
errors. Moreover, the management declared that the plots provided by the error
analysis functionality are easy and clear, but they would also like to add further
features, in order to be able to create and modify the plot, according to their needs.

Facilitate automatic proposal of error-related improvements
Concerning the change propagation functionality (providing managers with pro-
posals of improvements and changes to apply), all the managers asserted that the
rule templates that can be instantiated for the change propagation are well designed,
and that they are able to instantiate them for their specific needs. They also assessed
that they have never had the need to create new rules or modify existing ones so far.
Finally, they also highlighted the usefulness of the e-mail notification mechanism
for the change propagation results.

Facilitate subject impact localization regarding suggestions
According to the top management, it could be useful to extend the functionality to
the workers, in order to enable them to understand who and which department are
involved in a specific suggestion. As top management, being in charge of designing
the process they are already aware of the involved people.
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CEE 4: Ensure people-centredness

The CEE 4 aims at investigating workers’ perceived change, involvement and
empowerment. The items have been presented to both, workers and managers and
related to workers’ experience, expectations and point of view.

Investigation of worker involvement/participation in workplace re-design
All workers declared that a clear improvement has occurred especially with respect
to the communication among the different departments. In general, all workers
perceived an improvement of the workplace design as a whole: on-line suggestions
and discussions have led to face-to-face discussions and vice versa. In addition,
sharing ideas before entering a suggestion helped to increase the quality and fre-
quency of communication among people. Moreover, both workers and managers
assessed that suggestions and discussions are supported and fostered by the
management.

Both workers and management noticed an increase in the workers’ involvement.
Workers feel involved in participating in workplace re-design, not only by inserting
suggestions, but also sharing suggestions on how to improve their environment. For
instance, an important issue shared and discussed by everyone was the one related
to safety. Overall, workers feel that the value of their suggestions is taken into
account by both management and colleagues.

The opinions of the managers, instead, are slightly different. Most of them agree
with the workers in assessing that workers feel to be taken into account and
empowered, while some of them believe that this is not the case for all the workers,
only for those that already have a relationship with the management, i.e. the oldest
ones.

Concerning the possible drawbacks and obstacles in the usage of the system,
many workers, especially the youngest ones, pointed out the rigidity of the usage of
the personal computers. Hence, they suggested to create a specific app in order to be
able to make suggestions directly from a smartphone, even when they are not at
work. Another suggestion consists of embedding the system functionalities in their
current ERP system. According to the workers, among the possible obstacles to the
usage of the system, there is the impossibility of making anonymous suggestions.
This aspect, that had already been taken into consideration during the
user-requirements elicitation, and had been excluded based on a shared decision
involving workers as well, popped up again. This could mean that some sugges-
tions, eventually about relationship issues, have not been reported in the system.

Investigation of worker empowerment
All workers declared to feel more involved in the workplace improvement process,
as well as to be motivated on keep suggesting new things, since they can clearly see
the suggestion path. They also stated that receiving feedback even when the sug-
gestion was refused, was sufficient to keep them motivated to insert new sugges-
tions. At the same time, the opportunity to create a suggestion and receive feedback,
or report an error increased the perceived ability of making meaningful actions in
order to improve the workplace. Moreover, the fact of being taken into

5 People-Centred Production Design 159



consideration helps some of them, especially the youngest workers, to ask for more
responsibilities and power for actively participating in workplace re-design. The
same workers’ involvement is also perceived by the managers, although some of
them agreed that workers could have been further motivated by offering them other
forms of incentives.

5.4.2.2 Paper-and-Pencil Questionnaire Results
Three different paper-and-pencil questionnaires have been proposed to the Com-
pany B users. The first questionnaire (CEE1) mainly focuses on the Suggestion and
Feedback Management component, the second one (CEE2) on the Error Man-
agement component and the third one (CEE3) on the Change Analysis and Prop-
agation component. As for the semi-structured interviews, the paper-and-pencil
questionnaire related to the CEE1 component has been provided to both, workers
and management, the one for CEE2 has been given only to workers, and the one for
CEE3 only to management. The items were mainly close questions on a 5-point
Likert scale (where 1 = I strongly agree and 5 = I strongly disagree).

CEE 1: Improve internal communication and collaboration

On average, users (both managers and workers) agree on the perceived ease of use
and ease of learning of the Suggestion and Feedback Management component.
Different from what expected, the answers provided by the workers are slightly
more positive than the ones provided by the management. This result can be in part
explained by the different tasks that the two types of users were asked to perform on
the component, which could require different efforts. Concerning the perceived
efficiency component, while on average, all the respondents believe they have
enough knowledge and resources in order to be able to use the component, half of
them partially or completely believe that the usage of the system is time consuming.
In this case also managers agree on the fact that interacting with the component
requires some extra time, while workers disagree. This can in part be due to the
difference of complexity of the tasks. In addition, the answers related to the per-
ceived usefulness are overall positive: they all agree that the component speeds up
task and team performance, as well as the communication and the re-design. In this
case, the opinion of the workers is more positive than the one of the managers.
Finally, all users agreed about their willingness to continue using the system.
Among the strengths of the approach, managers appreciated the idea of a shared
suggestion system, while workers appreciated the possibility to be involved in
workplace improvements.

CEE 2: Facilitate context-sensitive error reporting

Concerning the perceived ease of use, the workers, with respect to the Error
Management component, almost completely agree on the component’s ease of
learning and its overall ease to of use. With respect to the perceived efficiency, on
average, all the respondents believe that they have enough knowledge and
resources, many of them partially believe that the usage of the system is time
consuming. In the case of the perceived usefulness, the answers of the respondents
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were overall positive, too: they all agreed that the component speeds up task and
team performance, as well as that it is overall useful for the company. Finally, on
average, workers expressed a positive willingness towards the component’s usage.
Among the strengths of the system, some of them mentioned the potential benefits
stemming from continuously monitoring supplier errors.

CEE 3: Facilitation of change and error analysis

Concerning the perceived ease of use of the Change Analysis and Propagation
component, managers, on average, agree about the components’ ease of learning and
its ease of use, while they are slightly more sceptical about its ease to be understood.
Concerning the perceived efficiency, managers are not completely convinced to have
sufficient resources to use the system. They are a bit more confident to have enough
knowledge to use the component and, in general, tend to agree with the fact that using
the system would require more time. A similar trend can also be observed for the
perceived usefulness of the component. On average, managers tend to agree about the
fact that the support improves team performance, and that it is useful for the ware-
house re-design; they have some doubts about speeding up task performance.

5.4.2.3 System Data Results
In this subsection, the data collected in order to evaluate the usage of the provided
IT system support are reported.

CEE 1: Improve internal communication and collaboration

Overall, 19 suggestions have been put into the IT system in a period of usage of
about one year. They have been directly inserted in the system by 5 different
workers, although some of the suggestions have been added by two or more
workers together. Out of these 19 suggestions, 4 have already been approved (at the
time of writing), 2 have been rejected, while 12 are still pending. Most of the
suggestions relate to the improvement of workplace aspects that concern more than
one worker or colleague rather than the only proponent. According to the assess-
ment of managers, the quality of the collected suggestions seems to be overall good.
By inspecting the rejected suggestions, non-approvals are mainly due to missing
capabilities of the company to meet the worker requests (either in terms of
financings or management). Only 5 out of the 19 inserted suggestions have been
classified according to a predefined contextual category. The lack of a classification
for some of the activities can be mainly due to a difficulty the workers experience
when selecting a category. By looking at the distribution of the sharing strategies, it
turns out that in most of the cases workers have chosen to share their suggestion
also with colleagues. Besides the feedback provided by the managers, while pro-
cessing the suggestions discussions have also been used by the management to
provide feedback after a suggestion’s approval or rejection. Hence, any commu-
nication among workers and managers should be traceable, not only during the
suggestion processing, but also when the suggestion has been accepted, and is
going to be implemented.
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CEE 2: Facilitate context-sensitive error reporting

Overall, 1229 product errors stemming from the incoming good area of the ware-
house and from the quality check department have been inserted in the system.
About half of these errors have been imported from the company ERP system,
while the remaining ones are errors that have been manually inserted by the
workers. Most of the errors are quality errors imported from the ERP system,
followed by errors related to the transportation document and by errors due to
incorrect quantities. Very few errors related to the comparison of the received items
with the items already in the warehouse have been detected. No package integrity
errors have been reported.

CEE 3: Facilitate change and error analysis

By looking at the plots and analysis offered by the system, managers are able to find
the error rate per supplier and take decisive actions against error-prone suppliers.
For instance, the data shows that the error rate of one of the suppliers has reached
10 %. With such data at hand, the management could, e.g. push the supplier to be
more careful when delivering material.

5.5 Conclusion

The activities carried out throughout the case have been driven by a people-centred
methodology based on the assumption that the force and power of the individual as
a person can be understood according to three meanings (Cesaro 2016):

• The opportunities that the individual recognizes in himself which are the basis of
his life plan

• The capabilities and potentialities the individual can exploit
• The possibility in the sense of giving oneself hope (it is possible that …)

The starting point of this methodology is the historic philosophic thought about
the relationship between human being and machine and people’s alienation. This
situation especially occurs when there are daily needs that have to meet
product-related process automation of economies of scale, and people need to
respect timing and methodologies imposed by the machine. The fundamental
question has always been whether to maintain the human/machine/human relation
or rather the most frequent machine/human/machine requested by productive needs
and by the technology domain over humans.

This methodology puts at the first place the relationships among people
(human/human) taking into consideration that hierarchies, and the need of making
decisions must find a balance between power exercise and a positive organizational
climate. The second point of attention is related to the workplace life quality,
particularly focusing on the actual measurement of those parameters that could be
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related to safety, stress level, health and rhythm within the company and working
time. A good working relationship facilitates problem solving for workers who can
perceive and communicate useful changes in the workplace. Making the working
environment efficient and effectual is the natural consequence of a way of working
in which both communication and a solid trust system could become the key
element of a positive organizational strategy. Saving time and positive economic
results are the most important objectives in every company. However, these goals
have to be shared by all the different levels of the company organization. Starting
from these assumptions, the methodology is based on three main pillars:

1. People
2. Company processes (both organizational and industrial processes)
3. Tools (IT tools, ERP systems and the like)

These three pillars can be, respectively, supported by three types of activities that
complete and strengthen each other:

• Proper specific training
• Ad hoc consultancy
• IT tool implementation.

These basic activities have to be instantiated based on the actual needs of each
company. By applying the methodology, we have learned that these three activities
need to be balanced in order to make interventions on the company effective and
efficient. Such a balance can be reached only by connecting people, the organiza-
tional system and IT solutions, i.e. providing training activities, on-the-field con-
sultancy and adequate solutions in terms of products and services. Training activity
alone, indeed, is perceived as lacking of practical implications. On the other side
consultancy and support activity alone lack awareness and answers to the many
different daily problems oriented to people’s autonomy. Using tools and tech-
nologies helps reducing activities timing and costs.

By looking at the case as a whole, beyond this general lesson, few concrete
lessons can be learnt for each of the three aspects.

[People] Involving users from the beginning of the project increases their
willingness to participate. The people-centred approach adopted from the initial
phases on and the involvement of the workers in the analysis and design phases
supported the project participation in terms of motivation and commitment. Both
Company B management and workers declared that such an active involvement
allowed creating something actually useful and helpful for their daily working
experience.

[People] Formative and case evaluation complement each other. Formative and
case evaluations are useful for a twofold purpose: (i) supporting the system
development and iterative refinement; (ii) user-centredness. On the one hand, they
provide an effective means to support the development process, starting with the
design of the system until iterative refinements. Since the perception a developer
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has of the to-be system is likely to differ from user expectations, early feedback and
iterative development supports the alignment between users, the organization and
the development. On the other hand, the involvement of workers in the suggestion
and evaluation phases and the importance given to their feedback increases their
understanding of the system as well as their motivation to use a system.

Furthermore, the following aspects with respect to formative and case evaluation
activities were observed to be beneficial:

• Management commitment
• Discussion of different support aspects for certain groups of users (to develop a

common understanding)
• Sufficient time for workshops (thus avoiding that participants have only a

limited amount of time and do not really engage in the evaluation activity)

[Company processes] S-BPM modelling is not always intuitive. The S-BPM
process modelling language has been easily understood and learned by Company B
management. Company B managers, indeed, are used to work with processes—e.g.
they designed and certified the company quality process (e.g. quality process
through ISO certifications). Shop floor workers, who do not have a process-oriented
background, instead, found the S-BPM full-fledged notation, e.g. the behavioural
diagrams, too complex to understand, while they found quite intuitive the S-BPM
Interaction Diagrams, i.e. subjects exchanging messages. The Subject Interaction
Diagram of the suggestion handling process has indeed been added to the users’
interfaces of the system as a facilitator of understanding the process orchestration.
The workers’ background was not based on processes but on tools and mechanical
knowledge. In addition, their training at work is more related to daily-job routines.
Thus, the addition of a graphic representation of the process turned out as facilitator
for workers, and a necessary system feature to be developed.

[IT solutions] The system has to be tested on-site. It happened that some of the
components remotely tested did not correctly work in the field, e.g. the scrollbars of
the user interfaces on the monitors of the Company B devices or the e-mail server
for sending e-mails. Before deploying a system, it is hence of utmost importance to
test the system also on-site.

Finally, by looking at the last phase, i.e. the case evaluation, it seems that there is
still room for improving the provided solution not only on the implementation level
but also on the methodological level. Involving employees from the first phases and
throughout all the intermediate steps is essential, since it allows for their actual
involvement in the design of the solution they are going to use. Collecting feedback
and understanding fears and worries related to people and the organization as a
complex system is extremely important throughout all the phases. In real and
complex scenarios such as a factory, it is always important to use, as in economics
and psychology sciences, a systemic approach, allowing researchers to take into
consideration not only the people and the variables in the studied group but also all
other circumstances, such as company culture, collective and individual values, as
well as other employees not involved in the project and their interactions. The case
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implementation provided evidence that workers want to continue using the system.
This suggests a high motivation for improving their workplace and a strong com-
mitment to the company.

By looking back, it would be probably worth to involve users even more in all
the phases. In particular, it would be useful to provide users with a more intensive
training phase so as to help them to better understand and get in touch with the new
functionalities, as well as to expand the evaluation phase, e.g. by planning inter-
mediate evaluation steps that would allow developers and evaluators to get further
interesting feedback after the system has been used for a while.

For the future, it would be interesting to apply the devised approach, enhanced
with the lesson learned so far, to other use cases.
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Abstract
In factories of the future, the worker and his or her well-being is regarded a
crucial part of manufacturing situations. Human factors are recognized as vital to
achieve sustainable organizational success. Advances in the area of wearable
sensors proclaim that sensing human properties within manufacturing settings is
technically feasible. Thereby, sensing human properties, such as the level of
comfort or stress, may be used to adapt system behaviour in manufacturing
situations. This chapter revisits related work from adaptive systems design
addressing triggers for adaptations and impacted dimensions. The related work
can be considered as design space for developers of S-BPM-based adaptive
processes. In line with the related work, a laboratory setting at the Johannes
Kepler University Linz has been designed and utilized for testing sensor-based
process behaviour and control. Essential findings are described with respect to
system architectures and S-BPM process design. The chapter concludes with
relating modelling adaptive to human-aware S-BPM processes on a concept
layer, and future work.
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6.1 Related Work

In factories of the future, humans represent a crucial part for increasing flexibility,
agility and competitiveness. Today, the achievement of manufacturing objectives
relies inter alia on the seamless interaction among humans and machines. The
research field of adaptive systems investigates how joint human–machine systems
may “change their behaviour to meet the changing needs of their users” (Feigh
et al. 2012). A prerequisite for the selection of adequate changes is the assessment
of the user’s current situation (cf. Fig. 6.1). The advent of IT and sensor technology
has enabled the assessment of human properties in order to align the interactions
among humans and machines.

However, yet the design and implementation of adaptive systems remains a
challenging task. In this chapter, the applicability of S-BPM for the design and
implementation of human-aware adaptive production systems is investigated.

The design space and respective guidelines in the field of adaptive systems are
revisited subsequently. Figure 6.1 illustrates the elements of a generic adaptive
system according to Feigh et al. (2012). It comprises a “perceive, select, and act”
cycle. A “Context Assessment” component is responsible for perceiving certain
changes in different types of states, e.g. human state, system state and task/mission
state. Based on the perceived state, the “Adaptions Manager” is responsible for
selecting appropriate system adaptations, e.g. rescheduling of tasks or new

Fig. 6.1 Generic adaptive joint human-machine system (adapted from Feigh et al. 2012, ©
Human Factors and Ergonomics Society)
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allocation of functions. These changes may affect the current system actions in
terms of modified automated system behaviour or changes of the human–machine
interface.

Feigh et al. (2012) present a twofold framework for adaptive systems containing:
(1) triggers for adaptation and (2) types of adaptation. Adaptations may be triggered
by operators, the system state or mode, a certain environmental state or event, a task
state or mission event or a spatio-temporal event (cf. Fig. 6.2).

Operator-based triggers can be directly initiated by operators; in other words,
humans control system adaptations through their input. Furthermore, states of
operators can be measured by system components and trigger changes. For
instance, a tiredness sensor in a car observes the driver and triggers an audio
warning signal when it detects the risk of micro-sleep.

System-based triggers can originate from a change of the system state or mode.
Feigh et al. (2012) refer to system state as “description of the current configuration
of the automation”, e.g. a smart home may trigger different behaviours depending
on the state “Cooling | Heating” with respect to the sun-blinds. In case “Cooling” is
activated, the temperature in a room is above a certain threshold, and the sun is
shining, the sun-blinds will go down. A system mode represents a group “of several
system configurations under one label where typically each mode corresponds to a
set of unique system behaviours” (Feigh et al. 2012 cited in Johnson 1990).

Environmental-based triggers refer to triggers that occur due to environmental
changes being external to the operator or system components. Typical examples for
such changes are changing light level, temperature, humidity or wind.

Task- and Mission-based triggers occur when a certain task, e.g. “drill part” or a
mission “produce high precision lot-size 1 part” is accomplished. The distinction
between task and mission is stated by Feigh et al. (2012) as “A mission is typically
organized into phases or subgoals, each of which is subject to constraints such as
the time to complete and pre- and postconditions. Adaptation management based
on task state uses the initialization, completion or partial completion of tasks
(regardless of their impact on mission goals or objectives) to drive changes in
automation”.

Fig. 6.2 Taxonomy of Triggers for adaptive systems (adapted from Feigh et al. 2012, © Human
Factors and Ergonomics Society)
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Spatio-temporal triggers represent system changes that are triggered based on
certain times or location, e.g. every day at 7 o’clock the sun-blinds go up, after
10 min of full speed a machine stops to ensure long lifetime and when a qualified
employee is near a machine that need to be maintained, he/she will be notified.

The triggers given above may result in different types of adaptations as depicted
in Fig. 6.3. The adaptation types sketch the system elements that can be adapted
when a certain trigger occurs. For example, stress measurement of operators could
trigger task reallocation.

In their taxonomy, Feigh et al. (2012) identify four fundamental elements that
may be affected: (i) Function Allocation, (ii) Task Scheduling, (iii) Interaction and
(iv) Content.

Function Allocation refers to mechanisms that determine who (human or
machine) is responsible to perform a certain function or task. In the literature, static
and dynamic function allocations are differentiated. In case of static function
allocation, the assignments are defined at design time, whereas in the case of
dynamic function allocation the assignment may change during runtime. Such
assignments need to consider responsibility and authority of system agents. From
an operator’s point of view, the modification of function allocation gets evident
with respect to task sharing and task offloading. According to Feigh et al. (2012),
task sharing refers to the division of work between operators and automated sys-
tems, and task offloading aims to shift tasks from operators to automated system
elements. However, sharing and offloading may also occur among different oper-
ators and not solely between operators and machines.

Task Scheduling considers the timing, duration and prioritization of tasks to be
executed by a system. Timing refers to the point in time when a certain task is
instantiated. The priority of a task can be differentiated by urgency and importance.
Urgency depends, e.g. on the time available to respond or the certainty of a given
information. Task importance refers to the potential impact of task failure, e.g.
arising safety issues. Aside from the timing and the prioritization, tasks take a
certain amount of time. The duration of a task may vary depending on tools used,
skills of workers or other contextual factors (e.g. temperature at shop floor) (Feigh
et al. 2012).

Fig. 6.3 Taxonomy of adaptations for adaptive systems (adapted from Feigh et al. 2012, ©
Human Factors and Ergonomics Society)
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Modification of Interaction focuses on the adaptation of human–machine
interaction. According to the taxonomy, such modifications can affect interface
features, interaction styles, the frequency of interaction and the modality of com-
munication. The modification of interface features affects the layout or the navi-
gation means provided to humans. When considering the frequency of interaction
between humans and machines, one needs to define how much interaction at which
point in time is required. Modality of communication refers to the adequate com-
munication channel between humans and machines, e.g. a machine could simply
display information or provide the information via text-to-speech means in an
auditory way. Interaction styles define “rules of engagement”, e.g. pro-active or
re-active communication patterns between humans and machines.

Modification of Content considers the modification of content exchanged
between machines and humans. Thereby, content may vary with respect to quantity,
the level of abstraction or quality. The quantity of content addresses the amount of
information displayed. For example, on mobile devices typically less information is
displayed compared to larger screens of desktop PCs. Content may also be modified
regarding the degree of abstraction. Information may be aggregated to support
human operators and reduce processing times. Vice versa, it may be provided in a
more detailed form if necessary. Furthermore, Feigh et al. (2012) consider the
modification of the quality of content relevant for system adaptation, e.g. videos or
pictures may be shipped with different resolutions depending on device and net-
work connection.

The framework of Feigh et al. (2012) aims to provide a guideline for designers,
evaluators and researchers when building, evaluating or researching adaptive sys-
tem behaviour. In addition to Feigh et al. (2012), Steinhauser et al. (2009) propose
design guidelines for adaptive automation:

1. Adaptive function allocation should be used intermittently
2. Energetic human qualities should be considered in design
3. Emotional requirements of the human operator need to be considered
4. The system should be calibrated to the individual operating it
5. Task transformation should be used to simplify tasks for operators
6. The environmental context of the system should be used to determine allocation
7. Tasks should be partitioned when both the human and the system can contribute

effectively
8. Adaptation should be controlled by the system, but be open to human inter-

vention when the system fails to recognize new conditions or demands

Beyond guidelines, the well-being of humans plays a crucial in design. Findings
from occupational psychology reveal “the number of employees experiencing
psychological problems related to occupational stress has increased rapidly in
Western countries” (Van der Klink et al. 2001, p. 270). Basically, stress can be
measured by applying (i) psychological questionnaires (ex-post to stressful situa-
tions) or (ii) by measuring physiological measures like heart rate variability or
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blood pressure (cf. Taelman et al. 2009; Lawler 1980; Kelsey 1991). The latter, in
combination with wearable sensors, enables live sensing of human stress levels in
certain work situations. Such live data provide a basis for analyzing human con-
ditions in work situations, adapting system behaviours at runtime and informing
workplace (re-)design activities. For example, tasks could be reallocated based on
the current workload and stress level of workers, process steps in which a high
stress level occurs could be investigated and redesigned or individuals could
monitor and self-assess their own stress level in order to increase their
stress-awareness.

A detailed investigation of the efficacy of psychophysiological measures for
implementing adaptive technology is presented, e.g. by Screbo et al. (2001). They
reviewed physiological measures, such as Eye Blinks, Respiration, Cardiovascular
Activity, and beyond that, cortical measures like EEG Bandwidths: Arousal,
Attention and Workload; EEG and Biofeedback; EEG Biofeedback and Task
Performance; Event Related Potentials; Cerebral Metabolism and Blood Flow.

In the subsequent sections, human-aware S-BPM designs are explored taking
into account physiological measures and guidelines for adaptive systems design.

6.2 Stress-Aware Lego Assembly

Today’s factories employ people to perform the semi-automatic assembly of a
variety of mechanical and electro-mechanical products. Increasingly, the assembly
lines are run lean and just in time. When products are built to incoming orders,
factories typically perform activities such as: production, packaging and shipping.
Production of a single product may be achieved by a single assembly person or a
line of them. Once a unit is complete, it needs to be tested, quality checked and then
packed. The wrapped parcel then needs to undergo relevant customs and shipping
formalities.

The workflow has the conveyor belt and the workers at its centre. Incoming
orders need to be shipped as soon as possible. However, enabling workers to
perform at an optimum rate (high productivity, high quality, low errors and high job
satisfaction) needs to consider a number of critical factors:

• Is there sufficient challenge in the job?
• Is there insufficient challenge leading to long idle times and too much boredom?
• Is the quality of assembly meeting the required standards?
• Is the accuracy (e.g. shipping docs) 100 %?
• Is the workflow under the control of the worker, or is it reverse?
• Stress may arise due to a number of factors; is the level of stress at acceptable

limits?
• Is the job challenge/boredom/stress level of one person the same as that of

another person?
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The work rate on a production line and the error rate (or qualities achieved) are
the most important factors for the factory management. Working the line at high
rate for long periods will inevitably result in costly errors and worker
dissatisfaction.

There are two control points in the workflow: raising a new order and the rate of
flow of the conveyor. Using statistical averages, for a given order input rate, the-
oretically, the conveyor belt should run at a given rate for a given level of quality.
However, this statistical rule does not take into account the individuality of the
workers who may swap roles on the shop floor and who may achieve higher
productivity, as they balance their challenge and boredom levels across several
roles at several different times.

When new parts for assembly are introduced, workers may need much more time
than statistically allowed for, so that they can become familiar with a particular
part. The continuous roll of the conveyor belt can also cause stress for workers
simply because (apart from emergency cases) they do not control the conveyor belt
per se. Handing over some level of control to the worker slowing down or stopping
the belt could empower the worker.

Stress on the production line has been investigated in different research. A study
by Lundberga et al. (1989) shows that perceived stress at an assembly line is
consistently reflected in cardiovascular and neuroendocrine functions of the
workers. Work induced a significant elevation in almost all psychological and
physiological measurements. Levels were consistently lower in workers reporting a
‘good’ workday compared to those reporting a ‘normal’ or a ‘bad’ day. Correlations
between self-reports and physiological values showed that catecholamine and
cortisol responses, respectively, tend to be associated selectively with different
psychological conditions, catecholamine values being associated with feelings of
time pressure and pressure by demands, cortisol values with irritation, tenseness
and tiredness.

Catecholamines are released into the blood when a person is under physical or
emotional stress. Catecholamines increase heart rate, blood pressure, breathing rate,
muscle strength and mental alertness. They also lower the amount of blood going to
the skin and intestines and increase blood going to the major organs, such as the
brain, heart and kidneys.

It has been shown by Jacobs et al. (1994) that skin conductance level should be
useful in studies assessing the impact of mental stress on cardiovascular function.
First, measures of electrodermal activity such as skin conductance level have been
found to be highly suitable for monitoring autonomic nervous system activity
because such an activity is determined by the sympathetic branch of the autonomic
nervous system, which is predominant in stress. Second, as with indexes of cardiac
performance such as blood pressure and heart rate, electrodermal response has been
found to reliably increase during laboratory mental stress (Boblin 1976; Kelsey
1991; Lawler 1980; O’Gorman and Homeman 1979) and under other threatening,
novel or challenging conditions.
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Jouven et al. (2009) found when working with 5713 subjects that the mean heart
rate increased during mild mental stress was 8.9 ± 10.8 b.p.m. (beats per minute)
and the cut-off values of the tertiles of heart rate increase during mild mental stress
were, 4 b.p.m., between 4 and 12 b.p.m., and above 12 b.p.m. Therefore, in order to
assess the stress on a worker over periods of time, we propose that sensors are used
to measure heart rate, blood pressure and skin conductance.

By combining data from these sensors and calibrating them for different
workers, the work stress may be estimated and indicated. Subsequently, a labora-
tory study is presented in which test persons assemble different types of LEGO
creator models supported by dedicated building instructions (cf. Figs. 6.4 and 6.5).
Thereby, their heart rate is measured and the stress level is indicated via a PLC
control LED.

Fig. 6.4 LEGO creator building kits

Fig. 6.5 LEGO creator building instructions. Source LEGO Group. http://lego.brickinstructions.
com/lego_instructions/set/6914/TRex
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6.2.1 Assembly Workplace Setup

The LEGO assembly workplace is sketched in Fig. 6.6. It comprises the following
elements:

• Multiple Boxes for assembly orders containing
• LEGO bricks
• Order sheet with QR-Code
• A webcam to identify an order and the related assembly task
• A monitor to display building instructions
• Three LED lights (green, yellow, red) to indicate stress level (low, medium,

high)
• The BioRing sensor to measure heart rate, skin conductance, accelerometer data

of test persons
• An iPod touch receiving the BioRing data and forwarding them to the S-BPM

processing system

The test sessions were structured as follows:

• Introduction of laboratory test and assembly workplace to test person
• Equipping test person with BioRing sensor and initializing of iPod Touch app

and S-BPM processing system
• 5 min baseline measurement of test persons in calm state
• 20 min LEGO assembly

Fig. 6.6 Laboratory LEGO assembly workplace
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When building certain assembly order, the building instructions were displayed
at the screen. In advance to the tests, an experienced LEGO builder assembled the
test order and his timing for certain assembly instructions was measured. This
reference timing was used as target time for test subjects who were not experienced
in building the given types of LEGO models. The target timing and different model
variants were intended to challenge test persons and simulate stressful situations.

6.2.2 S-BPM Implementation

Figure 6.7 depicts the implemented system architecture for the LEGO assembly test
case. The architecture intertwines the BioRing Sensor, dedicated S-BPM processes
implemented in Metasonic Suite and Programmable Logic Controller (PLC) for
indicating stress levels. In the given architecture, the Metasonic workflow execution
system MFlow comprises the logic for data interpretation and context-sensitive
behaviour execution. Thereby, sensor data related to a workplace can be provided
by both individual human sensors and the shop floor related low-level controls (cf.
PLC in Fig. 6.7). However, in the given scenario the PLC mainly acts as indicator
and not as sensor.

The interaction among the system components depicted in Fig. 6.7 can be
described as follows. Sensor data are associated with a unique identifier linked to a
specific worker. This information is required, in order interpret measured live data
with respect to individual baseline and furthermore indicate levels at the workplace
where the actual workers remain. A sensor has neither a direct interface to the
S-BPM process execution environment nor the low-level controls. The measured
data is instead sent to a mobile device using Bluetooth 4.0 and a low-level protocol.
This allows for exploiting the connectivity of mobile devices (e.g. WiFi).

Fig. 6.7 System components for stress measurement and indication when assembling LEGO
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Furthermore, a pre-processing (e.g. aggregation, buffering) of the measured data
can be done on the mobile device. Additionally, the mobile device may provide
worker-related data, e.g. name, location or motion, relevant for context-sensitive
process execution.

To forward the pre-processed data to the workflow execution system, a mobile
application is used. This mobile application may interface the workflow system via
an API (e.g. Web Service API). In the given application, the communication is
mediated via a “Human Sensing Web Service API”, which encapsulates the data
low-level data exchange protocol used by the BioRing and provides means for the
S-BPM workflow system to access individual data on a higher degree of abstrac-
tion. Based on the sensor data, the workflow system may adapt its process beha-
viour or trigger changes at PLCs. In the implemented architecture, the
communication between Metasonic Flow and the Beckhoff PLC is realized using
OPC UA (OLE for Process Control Unified Architecture, cf. https://opcfoundation.
org/) to change different stress indication modes.

The implemented S-BPM process design for the LEGO Assembly is described in
the following. Thereby, the process logic has been divided into two processes: (i) the
LEGO assembly process and the (ii) stress measurement and indication process.
The LEGO Assembling subject (cf. Fig. 6.8) represents the start subject and triggers
the start and end of an assembly session. When triggering such a session, the Task
Identifier subject and the Stress Measurement subject are notified via dedicated
messages.

Fig. 6.8 SID—Lego Assembling process
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The Task Identifier subject exhibits the behaviour for scanning a QR-code and
triggering the Building Instruction Visualizer. Figure 6.9 depicts the subject
behaviour of the Task Identifier. Upon receiving the start message from LEGO
Assembly, Task Identifier proceeds with scanning QR-codes. Within the function
state ‘Scan code’, a refinement (custom java code) is executed that accesses the
camera via a dedicated camera API and reads a QR-code. The QR-code corresponds
to orderIds, and thus supports to identify which building instructions shall be
displayed and in which state of production a certain assembly order currently
remains. In case a QR-Code is successfully read, the scanned orderId is sent to the
‘Building Instruction Visualizer’. At any point in time a ‘stop’ message from LEGO
Assembling may be received, which terminates the task identification behaviour.
This event is realized via the message event handler ‘abort’ in Fig. 6.9

The ‘Building Instruction Visualizer’ subject acts upon the receipt of ‘Scanne-
dOrder’ messages from the Task Identifier. The message comprises the orderId that
allows querying the relevant data from the database in the ‘Retrieve order details’
function. Based on the queried data, a custom refinement retrieves relevant building
instructions for the current order and displays them in a temporal sequence on the
screen. When completing the given assembly step, the order is updated and the next
scanned order will be displayed (Fig. 6.10).

In parallel to the LEGO Assembling process support, a Stress Measurement and
Indication process will be executed for each worker. This process is triggered or
terminated by the LEGO Assembling subject via dedicated start and stop messages.
The Stress Measurement subject itself will further notify the Stress Indicator subject
about start or stop messages and changing stress levels of the test person
(Fig. 6.11).

Fig. 6.9 SBD—Task Identifier subject
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The internal behaviour of the Stress Measurement subject is presented in
Fig. 6.12. The S-BPM process and the sensor data are intertwined via a database
storing human physiological data. Thus, equipping the test person with the sensor
and running the App on the iPod touch for communicating the measurements to the
human physiological database is a prerequisite for the process execution. Within the
process, the ‘Stress measurement’ subject determines within the initial 5 min the
individual baseline of the test person. Subsequently, the stress level of a test person
is evaluated on a regular basis (in Fig. 6.12, for example, each and every 8 min)
and either ‘low’, ‘medium’ or ‘high’ is sent to the ‘Stress Indicator’ subject. Again,
this process may be terminated at any point in time via receiving a ‘Stop measuring’
message within the Abort message event handler.

The ‘Stress Indication’ subject defines the behaviour when changes in stress
levels of a test person arise. Thereby, the subject interfaces the PLC via a config-
ured OPC UA server and dedicated OPC UA refinements for different stress levels
(cf. Indicate low, medium and high stress function states in Fig. 6.13). An extension

Fig. 6.10 SBD—Task visualizer
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to Metasonic Suite provides OPC UA refinement templates enabling to get/set
values on a PLC based on business object values in the Metasonic Suite. For
example, in Metasonic Suite, a business object ‘StressIndication’ may exist that
includes three Boolean values (i) green ON, (ii) yellow ON and (iii) red ON. In case
the stress level is low, the values of the business object should be green ON = true,
yellow ON = false, red ON = false. These values may then be transferred to the
target PLC using the OPC UA template (cf. Fig. 6.14 OPC UA template).

6.2.3 Findings

6.2.3.1 Measuring Human Physiological Data in Work Situations
Within the SO-PC-Pro project, the team aimed to investigate the measurement of
human physiological data with the BioRing sensor, a research prototype developed

Fig. 6.11 SID—Stress Measurement and Indication process
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by MA Systems. Hence, initial tests investigated the physiological data measured
by the BioRing. In order to be able to compare measurements of the BioRing
prototype, the users were asked to wear additionally a commercially available Polar
H7 chest belt for measuring the heart rate (cf. http://www.polar.com/uk-en/
products/accessories/H7_heart_rate_sensor). The Polar H7 measurements were
recorded via a customized Android app, in order to support ex-post data analysis
and comparison.

Initially, the measurement frequency of the BioRing and the Polar H7 sensor
differed. In contrast to the continuous measurement of the Polar H7 sensor, the

Fig. 6.12 SBD—Stress Measurement subject
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Fig. 6.13 SBD—Stress Indication subject
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tested BioRing prototype measured every 10 s for a duration of 4 s. In order to
enable the comparison of the measurements of the two different sensors, the fol-
lowing approach has been taken:

• Definition of measurement periods—1 period lasts 15 s
• Calculation of the average heart rate per measurement period

Within an initial Lego assembly test three male users, aged between 20 and 35,
were tested with the BioRing and the Polar H7 chest belt in parallel.

The initial data analysis of the BioRing compared to the commercially available
Polar H7 chest belt revealed that there is still room for improvement in order to be
able to apply the ring in productive settings. The degradation of the BioRing mea-
surements during the Lego assembly phase is assumed to be due to motion artefacts,
since the BioRing builds upon an optical blood flow inspection approach. These
artefacts may be neglected by considering the accelerometer data provided by the
ring. In the tested system, this already has been implemented. However, it decreased
the number of measurements and the availability of current heart rate data.

The Lego assembly scenario itself exhibits motion, in order to accomplish the
given task. Therefore, another consequence of this initial test could be to change the
point of time where the stress level of a user is evaluated. In case there is a short
pause in between two different tasks, the heart rate could be evaluated and compared
to previous measurements during pausing situations. In general, the evaluation

Fig. 6.14 OPC UA template for interfacing OPC UA server variables
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revealed the importance of the appropriate point in time for measuring the stress
level of a user with the BioRing. Another topic of improvement considered at that
time concerned the measuring frequency of the BioRing. In other words, instead of
measuring 4 s every 10 s, data of humans should be measured continuously.

The initial findings triggered further investigations related to the applicability of
the BioRing. On the one hand, the firmware of the ring was modified to continu-
ously provide measurements, on the other hand an additional algorithm calculating
the heart rate based on the measurements has been implemented. Aside from
technical improvements, the application scenario has been modified, in order to
avoid movements of the left hand and the left forefinger on which the BioRing
typically resides. The new testing scenario applied a BurgerShop game (see
Fig. 6.15) in which a player has to produce different types of orders for customers
in a certain amount of time to move to the next level. Overall, the deadline to reach
the top level in 20 min has been defined to challenge test persons.

Within this scenario, an approach similar to the previously one has been taken:

• Introduction (10 min)
• In the introduction, the test subjects get an overview of the tasks they have to

accomplish. This overview includes a short explanation of the sensor setup and
the game to be played.

• Equipping the test subject (5 min)

Fig. 6.15 Burger shop game to simulate occupational stress
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• Test subjects wear the Polar H7 chest belt and the BioRing on the forefinger of
their left hand. In order to protect the privacy, the individual subject will be
asked to fix the Polar Belt H7 on his own at a separate room. The observers
guide the participant equipping with the BioRing.

• Time of adjustment (5 min)
• Baseline data of individual subjects are collected in calm state for 5 min.
• Playing the burger shop game (20 min)
• The subjects play the game exactly for 20 min. The remaining time is shown in

front of the PC on a large info wall. The goal is to reach level 10 within the
20 min. In order to avoid noise w.r.t. measurement, the subjects are encouraged to
keep their left hand calm and control the game via their right hand and the mouse.

Altogether 12 subjects were tested, whereby the measurements of two of them
were considered invalid a priori. The reason for that was the fact that the BioRing
seems to have severe issues when measuring a human with cold hands. The data
resulting from such a measurement exhibit a constant heart rate of zero beats per
minute. Furthermore, the width of a finger has an impact on the quality of mea-
surements. It has been observed that skinny fingers influence negatively the quality
of the measured blood flow signal. In the tests, for one subject the measurement
with the BioRing did not work at all. The measurement failure was irreproducible
for the testing team (neither cold or skinny finger, nor technical issues in terms of
battery or service availability). Thus, only the measurements for nine subjects
provided a usable data for the analysis. Subsequently, the results are described in
more detail.

In the case of subjects 157, 160 and 158, the Polar H7 only provides measured
data for 15 min and in case of subject 160 only for 10 min within the human
physiological database. However, this phenomenon contradicts the fact that the app
continued to measure and the Polar H7 HR was shown on the display. This may be
caused by network/server issues or even by service disruptions.

Overall, there were nine measurements that provided suitable data for further
processing. The evaluation of these data was conducted by employing two distinct
ways of calculating the HR, i.e. the old and the improved and novel algorithm. For
five subjects, the new way of calculating the HR worked out properly. Properly
means that the BioRing HR approximately conforms to the HR retrieved by the
Polar H7. For the remaining four data sets only the original HR could be calculated.
The reason for this discrepancy could not be determined.

The measured values regarding the polar belt show that the HR of the nine
subjects changed during the experiment. The recorded HR varies around ±5.52 b.p.
m on average. In fact, the data of all subjects exhibit a constant up and down of the
HR. However, subject 154 displayed a significant increase of 28 b.p.m. above
baseline compared to the average increase of 5.52 b.p.m. It has also been observed
that at the end of the experiment the HR of subject 156 and 157 increased slightly
by 5 b.p.m. above the average increase of 5 b.p.m, whereby, the HR of subject 158
and 159 increased significantly by 15–25 b.p.m. The reason for this rise may be the
increased stress the subjects experienced at the end of the 20 min interval.

6 Human-Controlled Production 185



In summary, the experiences gained with respect to sensing stress based on heart
rate show that system designers and implementers need to carefully take into
account the measured data provided by human sensors. Dedicated software needs to
analyze and correct wrong measurements before considering any behaviour change
of an automated system based on heart rate. Finally, we can recommend involving
users in system adaption based on their physiological states. This increases the
awareness of users and avoids unexpected behavioural changes of the systems.

6.2.3.2 Findings with Respect to Adaptive S-BPM Processes
In the laboratory case, the sensor integration has been implemented by custom
refinements for evaluating stress levels. Thus, customized Java programme code
was written to evaluate the sensor data stored in a database. This approach requires
developers to investigate algorithms for stress measurement based on heart rate and
encode them within the models. With respect to reusability, modularity and flexi-
bility, a middleware for human physiological data management would be beneficial.
This middleware could be implemented as message bus (cf. Bernstein et al. 2009)
that notifies interested processes when, e.g. changes in stress levels or location
occur. Given such a middleware, it could be applied in dedicated subject behaviours
of adaptive S-BPM processes. Guidelines for designing such processing systems are
derived subsequently.

The related work on adaptive systems described above and multiple process
developer discussions within the SO-PC-Pro project inspired the formulation of
design guidelines for adaptive S-BPM processes. These findings are summarized in
the following, in order to provide a reference point for process analysts, designers
and implementers. The related work (cf. Sect. 6.1) revealed two important aspects
when designing adaptive systems:

• Means for context perception and assessment, and
• Means for adapting different workplace elements adequately

The former refers to the presented triggers of adaptation, whereas the latter refers
to the taxonomy of adaptations. In the LEGO assembly scenario, the measurement
of physiological attributes of an operator has been investigated as enabler triggering
system adaptation based on different stress levels. The simple test model uses the
subject “Stress measurement” to continuously perform both checking and evalu-
ating heart rate data for a person based on data stored within a central database.

Thus, the “Stress measurement” subject needs to pro-actively check and eval-
uate. Even if this approach worked within the laboratory setting, a re-active
approach might be an alternative in productive settings (reduction of traffic, running
processes, number of requests to the DB…). Re-active means that the S-BPM
process is notified from an external “human-sensing” middleware in case of
changes (e.g. stress low, stress high…) and does not continuously check for
changes itself. This middleware could also manage the sensors used to measure
human data (e.g. single measurement by one sensor, multiple sensors providing
same values).

186 M. Neubauer et al.



Aside from monitoring operators via sensors to trigger adaptation, operators may
also pro-actively trigger adaptations, e.g. by dedicated functionalities like request
job rotation, pause or task offloading. For this reason, the triggering behaviour
needs to be modelled within the internal behaviour of the subjects.

By enabling the integration of PLC behaviour and sensors in S-BPM processes
also environmental states at a smart workplace like lighting, temperature or table
height may be observed and applied to trigger process changes.

Spatio-temporal aspects (time, location) may also be considered in process
designs. Time may either be considered in timer-events, measurement of times
takes for certain operations. Location may be provided manually via user input,
automatically via GPS or scanning of worker RFID tag.

System triggers and task/mission triggers may be directly encoded in S-BPM
models (in transitions, rules). Thus, monitoring of the process progress, e.g. via
KPIs or current process state, allows to check an S-BPM processing system state.

Adaptation may affect function allocation, task scheduling, interaction and
content. In S-BPM, functions are performed by certain subjects or processes.
A modeller may define dedicated roles and users at design time and thus allocate
humans or machines in advance to performing the behaviour at runtime. This would
correspond to static function allocation. In case a process designer wants to
implement a dynamic allocation of humans and machines to subjects at runtime two
means may help: (i) selection of an actor out of a list of actors assigned to the role
and (ii) dynamic process binding in case different behaviours (e.g. machine beha-
viour vs. human behaviour) may be triggered when a certain task needs to be
accomplished.

Scheduling of tasks in S-BPM may be realized via a dedicated Scheduling
subject (either human or machine, or both) which instantiates processes, prioritizes
them, defines aimed target duration, monitors tasks completion and modifies
schedule based on operation outcomes. In an S-BPM process Timing relates to the
point of time where a task/process is initiated. This timing may be affected by
manual process instantiation, instantiation upon message receipt or system triggered
instantiation.

Duration refers to the time a task takes. In S-BPM, task durations of individual
subjects may be monitored and KPIs defined to support the management via the
indication of deviations. Furthermore, S-BPM-based simulation models could be
used gain insight in potential system behaviour before adapting/rescheduling
operations. Aside duration, Priorization of tasks may be encoded in S-BPM pro-
cesses in dedicated Business Object fields that are evaluated at runtime.

Another element affected by modifications within adaptive systems represents
the interaction among users and machines. S-BPM processes may be tailored to
different user groups. Furthermore, recent developments (Kannengiesser et al.
2016) allow customizing user interfaces according to different types of users. In
close relation with the interaction, developers need to consider the content to be
displayed to users. In S-BPM a designer would need to consider different codalities,

6 Human-Controlled Production 187



levels of abstraction and the quality within the related business objects. This would
allow for device- and user-specific shipping of content.

With respect to the taxonomy of adaptive systems, the following generic types of
subjects may be derived (cf. Fig. 6.1).

Generic context assessment subjects

• Task identifier

– Who (man or machine) is doing what?

• Human property sensing

– What is the current value of relevant human properties (e.g. stress level, state
of exhaustion…)?

• Human state inference

– What is the current state of a human (e.g. working, pausing, running…)?

• Machine property sensing

– What is the current value of relevant machine properties (e.g. power con-
sumption, acceleration, speed…)?

• Machine state inference

– What is the current state of a machine (e.g. idle, standby, producing…)?

• Environmental property sensing

– What is the current value of relevant environmental properties (e.g.
humidity, temperature, illumination…)?

• Environmental state inference

– What is the current environmental state (e.g. hot and humid, daylight, arti-
ficial lighting…)?

Generic adaptation subjects

• Task allocation—refers to the above given concept of “Function allocation” and
considers who (human or machine) is responsible to perform a certain function
or task. This may be encoded in static rules within the process models or
dynamically decided during runtime based on the current work distribution
among humans and machines
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• Task scheduling—such a subject defines the interface among a scheduling
software focusing on (timing, duration, prioritization) and the processes to be
triggered or dynamically reallocated

Dedicated subjects for adapting interaction and content are not recommended.
Regarding the adaptation of interaction, the defined interaction logic resides in
S-BPM within the defined subject interactions and the exchanged messages. Thus,
dedicated models need to be created with respect to different interactions and
provided for execution support. Regarding content adaptation, one could model a
dedicated “content broker” that provides for different types of consuming subjects
adequate content, e.g. in terms of quantity, or granularity. Alternatively, dedicated
content-provision subjects could be defined for each type of content consumer.

Based on the individual project, the given subjects and intended behaviour may
be considered by process designers to implement adaptive S-BPM processing
systems. The assessment subjects are split-up into subjects sensing concrete values
and subjects responsible for inferring a certain state. Thereby, multiple sensors
could provide data on relevant properties and the inference subjects may consider
them. This separation also allows interested subject to independently request cur-
rent values of certain properties and inferred states. Furthermore, subjects aggre-
gating the different states of humans, machines and the environment may be
modelled in future process development projects since these dimensions typically
need to be carefully aligned.

6.3 Conclusive Summary

The worker and his or her well-being is regarded a crucial part of manufacturing
situations. Designing and implementing adaptive systems considering human
properties to identify disturbances, monitor crucial states and tune workplaces a.t.l.,
in order to fit human needs gained interest in diverse research areas, such as human
factors engineering, pervasive computing, Industry 4.0 or factories of the future.

Advances in the area of wearable sensors proclaim that sensing human properties
within manufacturing settings is technically feasible. Thereby, sensing human
properties, such as the level of comfort or stress, may be used to adapt system
behaviour in manufacturing situations. In this chapter, S-BPM’s capabilities to
design a human-aware assembly scenario have been investigated. Thereby, related
work from adaptive systems design addresses dimensions and triggers for adapta-
tion. We could derive relevant design aspects and set up a laboratory environment
at the Johannes Kepler University Linz for testing measurements and adaptation
designs. The developed system architecture and the respective S-BPM models can
be used for further projects due to the generic integration approach of S-BPM with
sensors via Web Services and the OPC Unified Architecture (cf. Neubauer et al.
2015).
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Although measuring human physiological data in work situations is technically
feasible, designing such systems requires ensuring the availability and reliability of
human sensor data. The laboratory test revealed that even commercially available
sensors like the Polar H7 chest belt may fail in terms of delivering no measurements
due to lack of contact with the skin. Hence, for certain work situations it is rec-
ommended to investigate suitable sensors and their applicability within the given
work environment. Furthermore, we could observe that the quality of the BioRing
measurements differs among test subjects. Influencing factors like finger tempera-
ture or width of fingers cause different quality of heart rate measurements. There-
fore, a “one-sensor fits them all” mentality is not appropriate. We rather recommend
evaluating the appropriateness of certain sensors with individual humans in con-
crete work settings.

Adaptive processing systems can be implemented utilizing S-BPM concepts and
technologies. Adaptation may either be triggered explicitly by humans or implicitly
via sensors. Certain machine states, environmental or spatio-temporal states may
trigger adaptation. Triggers may cause changes in task allocation and task
scheduling. Finally, the interaction between users and the system, as well as the
content provided may be adapted. Possibilities to considerer the triggers and types
of adaptations in S-BPM models have been discussed in this chapter. They shall
serve as starting point for future developments targeting adaptive sensor-based
S-BPM processes initiating changes at runtime.
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Abstract
This chapter reports on learnings gained from the industrial cases (Chaps. 4 and 5)
and on a more general level on learnings related to sensing. Doing so, the generic
steps and stakeholders involved within the two different cases are described and
for each activity bundle respective learnings are reported. Aside from the
procedural reflection, learnings from the regional consulting partners within the
cases are described on a general level. In addition to the case learnings, learnings
with respect to sensing human and machine properties are reported. As such the
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chapter is intended to inform practitioners about crucial aspects to be considered,
lessons learnt in the different activities of the cases and suitable method support or
enrichment regarding the different S-BPM activities.

7.1 Learnings from the Industrial Cases

The industrial cases presented in Chaps. 4 and 5 reported on the application of
S-BPM in two different settings. The first one focusses on digitizing the production
process in a vertically integrated manner, whereas the latter supports employee
involvement in workplace improvement. However, both cases applied a similar
project approach which will be discussed and reflected with respect to learnings in
this section (Fig. 7.1).

The case implementations represented an international and multidisciplinary
endeavour. Stakeholders of the cases included

• Case Companies (management and employees/workers)
• Regional consulting partners
• R&D department of technology providers (S-BPM tool provider, MoKi col-

laboration tool provider)
• Sensor developer
• Human-centred design and evaluation consultant
• Process management researcher
• Funding agency (European Commission)

Fig. 7.1 Generic steps taken within the industrial cases
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Subsequently, learnings within the different activity bundles are reported. Fur-
thermore, observed interdependencies are discussed in this section. Finally, general
learnings from the cases are presented.

7.1.1 People-Centred Analysis and Requirements Elicitation

The cases aimed to gain deep insights into work practices and needs of people at
their workplace in order to enable respective solution design. Thus, a procedure has
been applied which builds upon accepted frameworks and models in the field of
human-centred design (cf. Maguire 2001), Requirements Engineering (cf. Paetsch
et al. 2003; Dean and Don 2003) and Subject-Oriented Business Process Man-
agement (cf. Fleischmann et al. 2012).

Basically, the procedure consists of three activity bundles—(1) Analysis of
organizational improvement potentials, (2) Use case definition, (3) Requirements
elicitation—that may be conducted iteratively in order to elicit and design appro-
priate solutions for future production workplaces (Fig. 7.2). Within the initial
analysis, on-site observations and interviews with employees have been conducted
to gain knowledge about the as-is situation and first insights into desired to-be
situations. Aside, a brainstorming session with the management of each industrial
partner has been conducted to identify suitable use case candidates and opportu-
nities for organizational improvement. Use case candidate descriptions comprise
involved stakeholders and workplaces, the motivation and opportunity and initial
improvement ideas from workers and management. Each potential improvement
has been assessed along several dimensions: Process automation,
people-centredness, management impact, production efficiency, application poten-
tial of S-BPM for communication and execution support and level of involvement
of the project partners. These assessment dimensions stem from overall, high-level
project goals, topics relevant to the funding agency and company needs.

Learnings related to the analysis of organizational improvement potentials are

• Encourage open-minded ideation
• Carefully observe workplace context to identify relevant influence dimension for

solution development (e.g. culture, environment, social interdependencies, …)

Based on the knowledge gained from the initial analysis, in a second step a
concrete use case has been derived. Such a use case description is composed of,
according to Kliem et al. (1997): (1) Motivation and Opportunity, (2) Goals and
Objectives and (3) Scope of the case, including boundaries to stakeholder and
related systems. Additionally, the description has been enriched with a high-level
S-BPM process model to illustrate the involved actors and their collaboration. The
case definition was supported by the use case dimensions given above. Especially
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the goal and objective definition with multiple stakeholder from different fields
turned out to require support for the structured collection and alignment of use case
goals and objectives.

Goals and objectives were collected in a table structure by each stakeholder. This
step resulted in a set of goals and objectives of different stakeholders. Since the
results were overlapping across different stakeholders and the granularity of the
different inputs varied, a consolidation of the collected goals and objectives was
necessary to reduce duplicates and align different points of view. Thus, Concept
Mapping has been applied to identify replications and depict relationships between
goals and objectives. Concept maps structure knowledge in the form of nodes and
edges. Concepts represent a subject (area) or metaphors and are related to one
another by edges. As they represent relationships, each relation needs to be named.
The Concept Mapping resulted in a consolidated list of goals and objectives of the
respective case.

Learnings related to the use case definition:

• Sole provision of the definition of the terms “goal” and “objective” is not
sufficient for a distributed, multi-perspective procedure to collect goals and
objectives. A shared understanding related to both terms needs to be developed
before in order to reduce diverse levels of granularity. Active discussion of
results and synchronous alignment is recommended

• Collaborative, multidisciplinary goal and objective definition requires careful
alignment among stakeholders. The consolidation of results needs to be com-
prehensible for stakeholders

Fig. 7.2 Generic elicitation and design approach in the industrial cases

196 C. Di Francescomarino et al.



The documentation gained from the first two activity bundles was reformulated
by the management and the project team in terms of user stories, in order to specify
functional requirements for that case. User stories follow the idea to formulate a
requirement in terms of the sentence structure ‘who—wants what—why’ and they
are used to structure implementation tasks in the context of agile software devel-
opment. To ensure the alignment with the end users, the user stories were validated
with them. Additionally, workers were able to formulate further user stories. Based
upon these requirements an S-BPM implementation could be developed. The
S-BPM models were created by applying a diagrammatic, card-based S-BPM
modelling approach in the first step. The card-based modelling does not require IT
support and aims for involving process participants in modelling. However, the
card-based approach was supported by an S-BPM tool subsequently. Since the
resulting models can directly be executed, it could be validated with the end users in
a kind of role play allowing the identification of errors or hot spots for further
improvement.

Learnings related to the requirements definition:

• User stories represent a simple means to define functional requirements. How-
ever, the specification process needs to be moderated and supported in order to
ensure an adequate level of granularity

• User stories and S-BPM process specifications need to be aligned. When
modelling keep in mind the defined user stories. Furthermore, map user stories
to new process designs and perform a consistency check

• The defined and agreed-upon user stories need to be considered as dynamic
entities! The current list of user stories should be made available for all stake-
holders, in order to encourage active discussion among them

• User stories need to be actively considered in later project stages as baseline for
task accomplishment

People-centred requirements elicitation depends amongst others on the context
of the requirements elicitation at a specific time, like the dependencies of workers
on the ongoing technological developments and the dynamics and changes in
management affecting the solution or use case itself. This context should be taken
into account to balance the organizational requirements (use case scoping, orga-
nizational changes during the project), the elicited functional people-centred
requirements and the state of the technical development and requirements over a
long development period, as the 3 years of the project in hand.

Hence, an integrated requirements and project management framework is con-
sidered to be helpful. Such a framework should comprise existing dependencies
between the use case context, the technology development and the people-centred
requirements stated by the workers. Its implementation should involve all the
stakeholders at key points of the development to monitor the project setting and
situation related to the people-centred requirements analysis, in order to ensure that
people-centred requirements engineering is not influenced by any managerial,
organizationa, or technological issues during the project lifecycle.
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7.1.2 Informed Subject-Oriented Process Design
and Implementation

The defined use cases for each industrial partner, the identified functional
requirements in terms of user stories and the organizational requirements in terms of
a high-level to-be S-BPM process model represented the initial reference point for
the solution design. In the first step, the development and regional consultant
partners created mock-up prototypes for the desired user interfaces. Furthermore,
the S-BPM models were refined by the process and development partners.

In order to inform the design process and ensure that the project meets user
expectations, formative evaluation activities were conducted. In developer work-
shops, the development and consulting partners mainly aligned technical issues
regarding the design and implementation of the desired solution, whereas the focus
groups were intended to receive feedback from the actual users. The involvement of
operative stakeholders in the process design and validation contributed to the
development of a shared understanding and targeted towards qualifying employees
in subject-oriented modelling.

The project team consisted of several stakeholders, in order to collect different
know-hows. Management had a holistic understanding of the company and deliv-
ered valuable input to optimization potentials, relevant applications and different
solutions. In addition to that, the management represented customer needs. Pro-
duction workers contribute to providing local optimization potential, requirements
and feedback on possible solutions from the user perspective. The regional IT
consulting partners accompanying the project were responsible for introducing
solutions, gathering feedback and ensuring the project implementation on-site at the
industrial partners. Research and development partners contributed to innovate
solution and evaluation designs.

In general, the project team considered early prototyping and user-led design and
implementation as vital for the project’s success. Without continuously showing
and explaining new technological solutions, it is difficult for people to envision the
possibilities of a new solution and to indicate requirements and advices during the
development. Thus, early prototyping and tool training are essential for the
knowledge transfer. Furthermore, it may serve to showcase the possibilities of the
technology to future users in an early stage and to create a common vision.

Informed by the results of the focus groups more advanced prototypes were
created for the industrial cases. These prototypes were actually tested within con-
crete user tests investigating the usability, usefulness and acceptance of developed
solutions. Again, the outcome informed the development team within the imple-
mentation activities.

Learnings related to subject-oriented (process) design:

• Blending S-BPM models with user interface mock-up prototypes is beneficial
for fostering a shared understanding between users and developers
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• The generic Metasonic workflow support user interface was deemed too com-
plex to be used by shopfloor workers. Customization of user interfaces enabling
the provision of easy-to-use interfaces is vital to stakeholder acceptance

• Modelling S-BPM with actual users needs to be carefully moderated and guided

Although S-BPM comprises a limited set of modelling symbols, it may not be
the best or the easiest modelling approach to be used. Its benefits and drawbacks
have to be evaluated involving the specific target users and checking the project’s
purpose (Fig. 7.3).

Learnings related to formative evaluation:

• Clear documentation of evaluation results as well as the definition of conse-
quences and measures for the implementation supports the alignment with user
needs

• User involvement contributes to a shared understanding of user needs and
adequate solution design

• Formative evaluation activities were observed to be beneficial for:

– Management commitment
– Discussion of different support aspects for certain groups of users

• Workshops should provide sufficient time and space for testing and feedback
articulation, in order to avoid that participants have only a limited amount of
time and do not really engage in evaluation activities

The implementation in both the cases has been tailored to the capabilities and
needs of the specific companies. The focus in company A was to digitize the
production process and integrate sensors in order to facilitate real-time production
state tracking. As such, the implementation required the collaboration of regional IT
consultant, the S-BPM tool provider, the hardware developer and the S-BPM
research team. Within developer workshops, interfaces and technical issues were
aligned within the team. Individual modules, such as location tracking or power

Fig. 7.3 Design and implementation activities
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metering were tested within different unit test in order to ensure the provision of
appropriate functionality. Furthermore, the integration of the diverse components
has been tested within system tests. The implementation also comprised interfacing
existing systems of the company. However, company A introduced a new ERP
system during the implementation phase. Modified interface definitions and missing
interfaces for the required solution delayed the implementation and caused addi-
tional alignment effort.

In company A, research prototypes for integrating sensors in S-BPM processes
have been applied and tested as part of the implementation (OPC UA template,
location sensing service). Furthermore, customizing S-BPM user interfaces has
been tested in a productive setting for the first time.

Learnings related to the implementation relevant for company A:

• Process designers and implementers need to understand semantics of sensor data
that are used within the process

• Synchronisation between the business process (workflow) engine and the
real-time engine needs to be carefully investigated and decided upon a
case-by-case basis, e.g. when implementing push or pull notifications

• Customizing user interfaces according to the approach of Kannengiesser et al.
(2016) is vital. However, the customization needs to be done by experts and is
hardly understood by domain users

In company B, the S-BPM tool provided by Metasonic has been integrated for
the first time with the MoKi collaboration platform. The Metasonic tool function-
alities for modelling and executing S-BPM process models have been combined
with the MoKi functionalities for the collaborative user-friendly modelling of
(structured and unstructured) knowledge. The focus in company B was supporting
the company’s suggestion process, by enabling workers to report issues and provide
suggestions about their workplace, managers to provide feedback, analyse data and
make decisions and all of them to discuss and keep track of problems and potential
solutions.

Learnings related to the Metasonic-Moki integration:

• When two or more existing technologies, possibly providing multiple features,
need to be integrated, it is important to clearly define the contribution (in terms
of functionalities) of each of them in the resulting integrated technology, starting
with the initial design steps

• The communication among different existing software should be as much
decoupled as possible from proprietary and low-level solutions, which are not
flexible and require intense maintenance operations. In these cases, it is
important to design communication based on commonly agreed and flexible
interfaces (e.g. service-based communication, message bus), and interoperable
exchange formats

• When integrating different tools, possibly each offering its own user interface,
users have to be provided with an adjusted or unique interface (e.g. the user
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interface of one of the tools, a completely new user interface, or an interface
embedding the others), minimizing extra learning effort, and avoiding confusion
due to different user interface elements

Learnings related to the solution implementation:

• Involving real users of the implemented tool in the design of the user interfaces
is of the utmost importance. Indeed, different devices and user expertise with
common usage patterns (e.g. tablet interactions vs classical keyboard/mouse
interaction) affect the acceptance

• S-BPM processes that have to be executed, when describing human behaviours,
have to be designed in a flexible way to take into account a number of
exceptions and errors that can occur when dealing with human procedures
(requiring rolling back operations)

• Avoiding duplicate and scatter information in different repositories is funda-
mental for maintenance and general applicability purposes

• Adopting simple solutions is to be preferred in industrial environments because
it allows meeting scalability requirements in a more convenient way

7.1.3 Factory-Level Tool Installation

The factory-level tool installations in company A and B comprised the organiza-
tional and technical setup of the solutions developed for the defined cases. These
activities were performed by the regional consulting partners and the technology
providers. As key take-aways they reported the following observations:

• Always test the system in the actual field with actual users:

– Network quality, network configurations, email-server configurations, dif-
ferent end-user devices may cause unexpected behaviours when switching
from the test to the live system

– Users do not always behave as developers would expect them to do

• Shop floor conditions may influence asset tracking. For instance, in the case of
company A, the configuration of the signal strength with respect to different
workplaces was carefully tested on-site

• Ensure an adequate hardware environment for the productive use of the
developed technologies, avoiding the usage of outdated test machines
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7.1.4 Summative Evaluation

Summative evaluation reported in both the cases on findings related to the outcome
of the actual case implementations. For each case implementation, the technology
acceptance, the achievement of goals and objectives and the people-centredness of
the provided solution were investigated based on an individually developed case
evaluation framework. The following key take-aways have been observed by the
solution developers, evaluation designers and evaluators:

• Evaluation designers need a clear understanding of the solution provided and the
relationship to the case goals and objectives. Hence, close cooperation with
solution developers when designing the evaluation framework is recommended

• Evaluation designers need to closely work together with actual (regional)
evaluators in order to ensure that evaluators are aware of the evaluation object
and the method

• The documentation of the evaluation results should be supported by evaluation
designers. Validation of results by multiple stakeholders is recommended

7.1.5 Consultancy Learnings Reported Within the Cases

In addition to the above given case learnings related to the different activity bundles
performed, general learnings from the regional consulting partners have been
reported and are described in terms of principles to follow in such projects.

7.1.5.1 Learnings Related to Company A
Continuously discuss the project progress with the company management

Company A has, within the project implementation, experienced changes on the
management level. Due to the effort to increase the production and efficiency, crisis
managers were hired. New managers (in conclusion hired for just a short period)
seemed not always to be familiar with the impact the project should create.
Therefore, they did not support the project implementation adequately. For future, it
is advisable to permanently discuss the project course with management and pre-
cisely present the project impact on the current as well as on future production.

Gain feedback from a sufficient number of users to avoid individually customized
solutions
Company A experienced changes on different levels of operation within the project
implementation. Especially in the last phase of the project the company had to deal
with changes of the staff’s structure. Some employees have been affected by salary
decreases and therefore decided to quit—among them at least three workers pre-
viously involved in the solution design. Thus, employees evaluating the developed
solutions who were not involved in depth in the project could have missed the
complete information on the project aspect—mainly its potential benefits. Those
employees may perceive the developed case rather of low additional benefit, and
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thus, resistance to the new approach may become evident. Therefore, the
involvement of an extended group of potential users (not only 5) is recommended to
continuously validate the solution design and implementation.

Engage shop floor workers

A core topic of the case has been “people-centredness”. The consulting and industry
partners have made a maximum effort to involve all relevant workers, especially
shop floor workers. It can be stated that shop floor workers have been involved in
the project implementation as originally envisioned. However, the continuous
presentation and discussion of the project progress with the shop floor has been
observed as a crucial element for project success. To some extent, the communi-
cation could have been too focused on the high management, neglecting the
workers.

Carefully introduce technologies that might be used to monitor workers

Some of the implemented features can be used for “worker monitoring”. When
perceived by workers (e.g. power consumption, time monitoring, etc.), such fea-
tures need to be discussed with them and the usage of the data as well as the
security of the data needs to become transparent. Otherwise, resistance towards
such solutions could rapidly come up.

Reserve sufficient time for feature testing

Although the project set out enough time for testing, some of the features were not
used to an extent enabling conclusions. Moreover, some of the features show their
impact and benefits on a long-term basis. Potentially, more time for comprehensive
testing and deficiency correction should have been planned, as it could have
increased the perception of employees being involved. The evaluation process
could have been carried out within the testing process repeatedly, enabling to
monitor the employees’ perception in time.

Closely cooperate with providers of existing systems and their interfaces

During the project implementation, Company A implemented a new ERP system.
Some system features collided with the proposed solutions and, to a certain extent,
affected some of the project activities. It would have been beneficial for the regional
consulting partner to be involved in the analysis sessions between company A and
the ERP provider in order to align overlaps, interfaces and conflicts.

Continuously update and review use cases and solution ideas

In an initial phase, use cases were defined. However, the project design and
implementation covered the period of almost 3 years including changes affecting
different elements of company A. For instance, management changes, changes in
management commitment, staff layoff and economic issues of the company could
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all have had an effect on the initially envisioned solution. Thus, company
requirements must not be considered static, they rather present a dynamic element
that needs to be tackled as such to create stakeholder value.

7.1.5.2 Learnings Related to Company B
Involving users from the beginning of the project increases their willingness to
participate

The people-centred approach adopted from the initial phases of the project and the
involvement of the workers in the analysis and design phases supported the project
participation in terms of motivation and commitment. Both, Company B manage-
ment and workers declared that such an active involvement allowed for the creation
of something actually useful and helpful for their daily working experience.

Formative and case evaluations are useful:

Formative and case evaluations are useful for a twofold purpose: (i) supporting the
system development and iterative refinement; (ii) user-centredness. On the one
hand, they provide an effective means to support the development process, starting
from the design of the system up to its iterative refinements as well as actual
advantages for the case. Since the perception a developer has of the to-be system is
likely to differ from user expectations, early feedback and iterative development
supported the alignment between users, the organization and the development. On
the other hand, the involvement of workers in the suggestion and evaluation phases,
and the importance given to their feedback, increase their understanding of the
system as well as their motivation towards the system usage.

Furthermore, the following aspects of the formative and case evaluation activ-
ities were observed to be beneficial

• Management commitment
• Discussion of different support aspects for certain groups of users (to develop a

common understanding)
• Sufficient time for workshops (thus avoiding that participants have only a

limited amount of time and do not really engage in the evaluation activity).

7.2 Learnings Related to Sensing

7.2.1 Human Sensing

The experiences gained within the sensor-related investigation of the authors
revealed the fact that when sensors that are worn by workers in order to determine
something about their status as a result of physiological measurements, widespread
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adoption will require that the workers believe that the end objective is not only
good for productivity but also good for the work force.

The accuracy rating of data coming from a sensor must be very high if instantaneous
changes in a workflow are going to be performed automatically as a function of the
sensor data. Since the interrelationship between physiological responses and mental
state is very complex, the analytical treatment of the sensor data must also achieve very
high classification accuracy if it is to be used in real time.

At this stage it appears that the risk of upsetting workers (privacy intrusion) and
the risk of upsetting a workflow (due to inaccurate sensor and data analytics) can be
minimized by using data over longer periods of time, in such a way that it can be
partly anonymized, inaccuracies can be reduced as outlier, and unacceptably noisy
data are removed from the processed data.

Human sensors also need to be treated within the context of the “big picture”.
The attraction of human sensors is to allow automatic systems to gain some insight
into the working life of the employee. As an example, take the case of a good shop
floor manager who keeps a close eye on an employee working in production.
Applying his intuition, experience and empathy the manager can detect when the
employee is stressed and the manager can try to improve the work conditions by
changing the workflow or training. The manager does not only see stress in the
employee’s visage, but also knows the man’s experience on the job and his tem-
perament, for example he takes longer to learn but once he does he excels. He
knows the jobs the worker is on and he knows they are very difficult to perform.

To match the capability of the manager, the sensors need to be combined with
other information so that a full picture is built up. Worker Stress + worker expe-
rience + workers current jobs + complexity of those jobs.

Thus the human sensor has its place, inside a large labyrinth of extra data, and to
achieve automated high-level semantic conclusions, data from many sources over long
time is needed. If not, then only very simple almost trivial analytics will be achievable.

7.2.2 Asset Tracking

Although during the developments of Company A a tag sensor with many inbuilt
functions was built, it appears that in the face of diverse applications (ranging from
many different types of production method to many different features associated
with each asset) tags need to be much more diversified to fit in closely with a given
domain or specific product or service.

Certain key electronic functions can be retained as standard such as memory,
primary sensing and communications.

However the diversity will come in

• The embodiment of the electronics (for example into packaging)
• The physical way in which humans will probe the tag
• The physical way in which machines will probe the tag
• The tag deployment and recycling infrastructure
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• Tag data security
• Cost benefit

In fact it would seem that consultants could create commercial consultancy
services purely to address these topics.

From the point of view of the necessary middleware-software systems pro-
cessing data from sensors, data analytics could be kept very simple with limited
need for complex algorithms. Instead databases could simply be generated showing
the data and making it available for querying by other applications when necessary.
Thus, the software systems could be very light and even adopt an Internet of Things
model for scaling up towards many millions of assets.

Probably the biggest benefit of tagging in this way would come from the ability
to make sweeping observations about wastage in the process or the organization
(e.g. finding out why so many items are perishing from heat or identifying quality
failure issues early in the production process). In this case visualization of the big
sensor data could allow human decision-makers to identify financial savings.

This concept was considered in a use case related to a bakery where cream cakes
were either being over produced or under produced leading to wastage or lost sales.
In this use case, very low cost tags could have been used as part of the product
packaging. This would allow a fully automatic and accurate real-time stock control
to be applied across several retail outlets across a large geographic area. This data
could lead towards improved prediction of demand and just in time cake
production.

7.2.3 Machine Usage Profiling

While tags on assets can provide status information, there is a limit to which the
internal workings of a machine (e.g. a CNC machine) can be inferred or understood
by the production modelling system. During the developments it became clear that
many production CNC machines do not expose their internal workings, for example
by providing status information, by way of a computer connection. Clearly, this will
change as such a feature is seen as useful. However, intelligent features may not be
provided in all production machines, and there remains a large number of legacy
equipment in factories across the EU.

At the same time we realized that energy consumption in factories is an
important issue, to be monitored in order to reduce costs. By combining these two
ideas, we decided to use the monitoring of power to a machine as a means to infer
the status of a machine through the way it uses power in real time as well as the
overall level of total power consumed per week or month.

Doing so, a commercial OPC UA-enabled solution for non-invasive power
metering was applied. This solution offered Ethernet connectivity and immediate
CE approvals which meant they could be deployed on industry machinery with no
risk to safety.
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What we learnt was that deploying energy sensors in fully up and running
factories requires special health and safety considerations that should not be
underestimated. In several cases, it was not easy to interfere with the installations
and installing the sensors required a multidisciplinary team of electrical and com-
puter staff as well as management with health and safety in the loop.

Interfacing the energy monitors for each of the machines was achieved after
relevant data exchange protocols were adhered to, and then real-time data of current
consumption could be measured in real time via OPC UA.

The main idea behind energy monitoring is to look at the way the electrical
power changes in real time during very short bursts as well as on average. Rotating
electrical machines at first takes large amounts of power to achieve the high rota-
tional speeds. Thus, at start up and within a few seconds the power profile is peaked
and remarkable. However, with no load except friction the CNC machines reach a
steady state of power consumption that is very low. The rotating parts usually have
a very high rotational inertia and very high rotational momentum achieved once
running at full speed. Therefore, when a tool begins to cut into a metal part at high
speed the extra power to achieve the cut is comparatively small and perturbations
are also very small having been filtered by the large rotational momentum.

Resistive electrical loads like ovens and boilers provide much simpler energy profiles.
General automation based on DC servo motors and frequent load changes also are easier
to characterize. Valve solenoids combined with pressured hydraulics or pneumatics are
more difficult to model as the electrical pulses and compression system cannot be easily
logically related without a clear idea about the different behaviour modes.

In a situation such as our CNC machine use case, while it is possible to detect the
run up and run down of the machines, more subtle changes require a very high
resolution power detection. Even when providing this information, it is necessary to
correlate the energy changes with different workflows.

Therefore, we have learnt that energy power consumption can be used very simply
for example to detect if the machine is switched on or off, and when in use. In order to
determine more extensive features of the machine’s status, it is necessary to be able to
detect at high sample rate more subtle changes in the power consumption.

7.3 Conclusion

This chapter reflected on learnings regarding the application of S-BPM in two
industrial cases aiming for people-centred production. Concluding, three core
aspects of people-centred production shall be highlighted:

• Complexity needs a participatory approach and stakeholder knowledge
• Early participation of stakeholders
• Transparency of solution designs for all stakeholders from top to bottom
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The increasing complexity of work demands for highly qualified employees and
mutual alignment for task accomplishment. As such employees represent important
stakeholders for work design and need be involved in solution design and imple-
mentation. Especially early participation when defining workplace requirements
seems beneficial for sustainable solution designs. Furthermore, the transparency of
solution designs for all stakeholders needs to be ensured from top to bottom in order
to avoid resistance and resolve conflicts early. Transparency can be supported by
active communication of project results via different channels (face-to-face, pre-
sentations, newsletter, social media, …). Transparency of solution designs has also
been identified as crucial related to the implementation of sensor technology at
workplaces. For humans sensors smack of supervision. Therefore, the “ingredients”
of sensor solutions (e.g. usage of data, added value) need to be clear and aligned
among all stakeholders.
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8The Future: Obstacles
and Opportunities

Udo Kannengiesser

Abstract
This chapter discusses the possible future of using S-BPM in production
industry, including prospective obstacles and potential opportunities. It
commences by proposing a framework representing the fundamental values of
S-BPM relevant for its contribution to production enterprises: agility. These
values are derived from the agile approach to software development. It is shown
how S-BPM supports them in several ways; specifically

1. Individuals and interactions are supported by the notational simplicity in S-BPM
2. Working software is supported by the ability of S-BPM to seamlessly integrate

processes along life cycles and value chains
3. Customer collaboration is supported by the widely shared semantics of S-BPM

modelling constructs
4. Responding to change is supported by the ability to encapsulate process func-

tionalities by means of subjects in S-BPM

The principal obstacles are identified for the use of S-BPM in industrial
practice, in a way to achieve the four agile values. They include a widespread
perception of process modelling as a routine task (not a creative activity),
security concerns for core production processes, organizational cultures where
there is a strong sense of hierarchy and silo mentality, and a desire for global
control flow. Based on the size of each obstacle and the degree to which S-BPM
is already prepared to address them, the beginnings of a roadmap towards
industrial fitness are then developed. For this purpose, the metaphor of a

U. Kannengiesser (&)
Metasonic GmbH, Pfaffenhofen, Germany
e-mail: udo.kannengiesser@gmail.com

© The Author(s) 2017
M. Neubauer and C. Stary (eds.), S-BPM in the Production Industry,
DOI 10.1007/978-3-319-48466-2_8

209



“compass” is introduced to give orientation to future S-BPM research within a
four-dimensional space of opportunities. A specific S-BPM project in the food
industry, as part of the SO-PC-Pro project, is presented to show common drivers
and challenges of S-BPM implementations for production processes within this
four-dimensional space. Finally, the compass is used for identifying further
domains that share similar issues likely to be solved using an agile approach
supported by S-BPM. The architecture-engineering-construction (AEC) domain
is presented as an example of such a domain.

8.1 The Fundamental Values of S-BPM in Production

In order to predict the future potential for S-BPM in the production industry, it is
useful to abstract from the specifics of the individual case studies presented in this
book. This chapter outlines a framework that proposes four dimensions that char-
acterize the essence of using S-BPM in the production industry. This framework
will provide a basis for:

1. Identifying and classifying obstacles for adopting S-BPM in the production
industry

2. Directing research activities and practical applications to seize opportunities in
production and other, similar domains

How can we derive such a framework? In the previous chapters, S-BPM has
been discussed in the context of two overarching goals in production companies:
On the one hand, traditional production management needs to be enriched with
humanistic aspects, such as worker empowerment and autonomy. On the other
hand, production processes need to be automated using decentralized, highly
flexible technologies for increased customer satisfaction. These two goals are
consistent with an existing notion that has become popular in several industry
domains, and is termed agility.

Common views of “agility” as such have not much in common with humanistic
values. Superficially, this notion is often seen as synonymous to flexibility: the
ability of a system to respond to change (Saleh et al. 2003). However, most of the
approaches to achieving agility in socio-technical domains such as manufacturing,
project management and software development are based on autonomous, local
decision-making by individuals (i.e. people). Rather than having to adhere to central
control mechanisms, people in agile systems are encouraged to utilize their own
knowledge and creativity to respond to the situation at hand, and use communication
and collaboration to align their individual decisions and actions with others.

This concept is closely associated with lean production systems, where indi-
vidual production units (people or machines) communicate with one another via
kanbans to streamline the overall flow of work. The connection between lean
management and humanistic values has been made most explicit by the notion of
kaizen. Kaizen implies a cooperative management style. Work is typically aligned
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among cross-functional, interdisciplinary work groups that collectively decide upon
clear work goals and intensively exchange information for work alignment. Con-
sensus among work groups instead of individual top-down management decisions
represents a primary goal of Kaizen. Kaizen aims at employees who are highly
qualified and who pro-actively and self-directedly contribute to workplace inno-
vation and continuous improvement.

Given the dual nature of agility as a catalyst for producing not only humanistic
but also economic value in socio-technical systems, it can potentially provide the
basis of a generic framework for S-BPM in the production industry. One of the
most known frameworks for agility has been proposed in the domain of software
engineering: the “manifesto for agile software development” (Fowler and High-
smith 2001). It includes the formulation of four basic values that are shared across
various techniques for agile development:

1. Individuals and interactions are valued more than rigid procedures and tools
2. Working systems are valued more than comprehensive documentation
3. Customer collaboration is valued more than contract negotiation
4. Responding to change is valued more than following a plan

The remainder of this section elaborates the four agile values including the
support provided for each of them by S-BPM. This will provide a basis for iden-
tifying obstacles and opportunities for future applications of S-BPM in the pro-
duction industry.

8.1.1 Individuals and Interactions: Support Through
Notational Simplicity

Individual people and their interactions are considered as a critical success factor in
the development of new systems, including production processes (Yauch 2007;
Alves et al. 2012; Brauner and Ziefle 2015). It is the ability of individuals to
reflect-in-action (Schön and Wiggins 1992), often through informal communication
and self-organized teamwork that can lead to the discovery of new requirements and
conceptual solutions, thus leading the design process in new directions (Gero and
Kannengiesser 2014). This ability is needed mostly in development projects with
high degrees of novelty and dynamics. In contrast, conforming to predefined, rigid
processes can stifle the creativity needed for generating successful design outcomes.

IT tools may also turn out to be straightjackets for people, by requiring overly
formal representations or by providing functionalities that are too complex and often
unnecessary. In addition, most IT tools do not well support interactive, collaborative
modes of working. They typically use conventional desktop screens with mouse and
keyboard, granting full access to the tool only for a single person at the same time.
Some tools provide more sophisticated collaboration features ranging from shared
model repositories to virtual reality; however, they are still seen as inferior to collo-
cated, physical human interaction with its rich set of gestures, facial expressions, etc.
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If individual creativity and informal interactions are to be supported, there needs
to be a way to model production processes in a quick and easy way, without having
to conform to many formal modelling conventions or to struggle with complex tool
functionalities. The resulting models may be rough sketches “on the back of an
envelope” that may even be incomplete or ambiguous. Their main aim is to provide
a basis for discussion, reflection and reinterpretation, often among team members in
spontaneous, informal meetings. For example, mechanical engineers rarely com-
mence modelling a new product directly using a CAD tool; instead, they commonly
produce hand-drawn sketches on paper, whiteboard or other physical surfaces, in
order to reflect on their ideas individually or sharing with others. The importance of
sketching activities in the conceptual design stages has been pointed out in a
number of domains (Schütze et al. 2003; Petre 2009; Eckert et al. 2012).

A minimal requirement for supporting quick and easy sketching of production
processes is the availability of graphical modelling languages, based on their ability
to facilitate human understanding (Gerber et al. 2014). For example, the IEC
61131-3 standard contains three graphical languages for structuring and program-
ming PLC code specifying low-level process control. A variety of BPM approaches
provide graphical notations for modelling on the business process level. However,
many of these languages are highly complex with very intricate syntax, requiring
specialized modelling tools. On-the-fly sketching of processes, either manually or
by low-tech physical tools, would be quite difficult using these languages.

S-BPM provides the notational simplicity required for quick and easy sketching.
Since it has only five modelling constructs, their visual syntax can be defined in a
way that allows easily distinguishing them from each other. Perceptual discrim-
inability is one of the key factors for the cognitive effectiveness of visual notations
(Moody 2009). For example, the syntactic elements used in the sample models of
the principal reference book on S-BPM (Fleischmann et al. 2012) are perceptually
discriminable based on simple shapes. The S-BPM tool Metasonic Suite uses colour
as an additional visual variable to further enhance discriminability between the
syntactic elements. Producing five basic shapes or colours for modelling can be
done using any common sketching tool, such as pen and paper, whiteboards,
flipcharts and post-it notes. In addition, many of these tools support interactive
ways of working within teams of modellers, which enhance modelling outcomes by
stimulating discussions and learning (Rosemann 2006).

8.1.2 Working Systems: Support Through Seamless
Integration

One of the major characteristics of agile projects is the continuous, frequent
development of working systems in small increments. The notion of a “working
system” here goes beyond being just “bug-free”—the system needs to “work” in
terms of being useful for an individual solving a specific task (Bider 2015). One of
the reasons for this emphasis on working systems is to shorten feedback loops, thus
reducing the risk of developing a system that does not properly address the needs
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and expectations of its users. Deploying and using working systems in their
intended environment is seen as the most effective basis for such an assessment. It
allows users actually “seeing” the impact that the new software has on their task
processing and problem solving. This can also be considered the foundation of the
well-known “Plan-Do-Check-Act” cycle for continuous improvement in lean pro-
duction (Dennis 2016). Documentation, such as requirement specifications, system
models and test reports, can supplement but not replace the first-hand experience of
interacting with the running system.

What is required to support the creation of working production systems once a
production process has been modelled? Concerning the creation of control software,
model-driven development (MDD) (Mellor et al. 2003) is the notion that addresses
part of this issue. Here, graphical process models are transformed automatically into
a representation that can be directly executed, e.g. by a workflow engine or a PLC.
Another notion supporting the creation of running production systems is enterprise
integration. A single process execution engine rarely operates in isolation: In most
real-world applications there is an existing IT environment that needs to interact
with the execution of a process. Examples include ERP systems, databases and
other workflow engines, which may exchange various kinds of data with the pro-
cess. What is needed, is a mechanism for data integration with external systems,
preferably using existing interoperability standards depending on the domain.

S-BPM supports the creation of working systems in production companies by
seamless integration in the sense of both model-driven development and enterprise
integration. Specifically, S-BPM models can be transformed into two types of
executable representations: Abstract State Machines (ASM) (Börger and Stärk
2003) for business process execution by subject-oriented workflow engines, and
IEC 61131-3 Sequential Function Charts (SFC) (Müller 2012) for real-time exe-
cution by PLCs. S-BPM also provides a number of ways to exchange data with
external systems, such as ERP (Dirndorfer 2015), MES (Kannengiesser et al. 2016)
and PLCs (Kannengiesser et al. 2015).

8.1.3 Customer Collaboration: Support Through Widely
Shared Semantics

Closely involving customers in the development phase aims at producing a clear,
common understanding of the requirements. The notion of “customer” should be
understood in a broad sense, including the concrete adopters of the system or
service to be designed. Adopters may be end users or service consumers within
value networks. Customer collaboration then implies that adopters are engaged to
participate in the specification and design of the system throughout the project.
They are viewed not merely as the final recipients of the system but rather as
development partners (van Aken 2007). The kaizen approach in lean manufacturing
makes extensive use of this concept, by encouraging workers to participate regu-
larly in the improvement of processes and their organization (Berger 1997).
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The concept of customer collaboration aims at maintaining a shared agreement
about the requirements and system features as the development progresses,
encourages stakeholder participation during system design and testing, and
increases acceptance of the system during usage. Contract negotiation is the
opposite approach, because it limits stakeholder involvement to a separate,
upstream phase of requirements specification. A requirements document is pro-
duced that is treated as a “contract”, implying an ultimate character and discour-
aging any changes after it has been specified. Such a rigid, top-down approach is
rarely in line with the dynamics of reality. In addition, its nearly exclusive reliance
upon written specification documents can easily lead to misunderstanding.

For all stakeholders, including production managers, engineers and workers, in
order to participate effectively in process development, they need a common lan-
guage. The semantics of such a language needs to be understandable independently
of the stakeholders’ levels of expertise and domain specialization. The simple
semantics of S-BPM drawn from human communication and organizational theory
can provide a good foundation for such a language, despite a few difficulties
currently remaining in its practical use (see Chap. 7 “Learnings”).

For subjects executed by human actors, such a semantics appears intuitive as it
matches the individual’s perception of organizational reality: One can either do
something (represented as function states), send messages (represented as send
states), or receive messages (represented as receive states). Even when subjects are
executed by software or machines, the cognitive effort needed to conceptualize their
interactions in terms of communicative actions can be assumed to be relatively low—
using anthropomorphic metaphors is a common human strategy for understanding
and predicting an agent’s behaviour (Dennett 1987; Wooldridge and Jennings 1995).

8.1.4 Responding to Change: Support Through
Encapsulation

Rather than following a fixed development plan, it is often more effective to accept
that changes to the plan will occur. Most instances of designing are iterative and
frequently involve reformulating requirements and subsequent changes in the tra-
jectory of designing (Gero and Kannengiesser 2014). There are numerous types of
design iterations (Wynn et al. 2007). They are driven mostly by the introduction of
new business requirements or technical constraints, the discovery of unforeseen
design problems, and the emergence of new design opportunities (Schön and
Wiggins 1992).

A common way to prepare for change in system design is the concept of
modularity. The fundamental idea is to reduce dependencies between system
components by structuring them according to distinct functional modules. The
result is a loosely coupled system architecture that allows substituting individual
modules with no or only limited impact on other modules in the system (Ulrich
1995; Baldwin and Clark 2000). The same idea has been applied to services and
processes including production processes (Bask et al. 2010). While the ideal degree
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of modularity varies according to the specific context of the system (Schilling 2000;
Schilling and Steensma 2001), the underlying principle for inducing any form of
modularity in a system is encapsulation. Encapsulation allows separating different
functionalities among each other as well as from structural components (i.e.
physical mechanisms, human or computational agents that provide these func-
tionalities) (Gero and Kannengiesser 2003; Kampert and Epple 2014).

The notion of a subject in S-BPM fits with the idea of encapsulation. Subjects
encapsulate different functionalities by exposing only their inputs and outputs (i.e.
the messages they receive and send) while hiding their internal behaviour. This
allows modifying this behaviour without affecting the rest of the process as long as
the inputs and outputs remain the same. Encapsulation in S-BPM is also applied
regarding the distinction between functionality and structural components, because
subjects are clearly separated from the agents executing them (Fleischmann et al.
2013). As a result, agents can be substituted without changing the process model;
only the mapping between subjects and agents needs to be modified.

8.2 Obstacles

The concept of agility is well known in the production industry. Together with its
sibling, lean production, it has also been very popular in various other domains.
Today many companies claim that they are agile or provide agile solutions.
However, at closer inspection their understanding of agility is often quite shallow,
limited to providing some form of flexibility in their products and services. As our
project could reveal, truly agile values, such as the ones described in this chapter,
are rarely lived in the domain of process management, especially in traditional
manufacturing firms. What are the reasons for this lack of adoption? Answering this
question will directly shed light onto potential obstacles for using S-BPM in
production.

In this section we will use the four agile values articulated in this chapter as a
framework for identifying and classifying fundamental obstacles for using S-BPM
in production.

8.2.1 Process Modelling as Routine Task not Ideation

The predominant purpose of process modelling today is documentation (Kocbek
et al. 2015)—which can be presumed to be a routine task that involves rather little
creativity. This fits with some of the terms used in literature and practice: Processes
are often referred to as being “modelled” or “mapped” rather than “designed”.
A Google Scholar search in August 2016 returns 27,540 English articles for the
term “business process modeling” and only 6,700 for “business process design”.
Based on the perception of process modelling (or design) as a routine task, highly
structured, systematic approaches are commonly preferred over less structured ones
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such as design thinking. This fits with observations that design thinking techniques
have been rarely adopted in enterprise IT despite their popularity in product design
(Gartner 2015). This is especially the case for IT in the production industry, where
company cultures, organizational structures, and work procedures are oriented
rather to traditional engineering approaches.

Understanding process modelling as a documentation or requirements definition
method has led to the development of comprehensive process notations such as
BPMN that aim to support a high degree of expressiveness. BPMN, today the most
commonly used approach in BPM (Harmon 2016), requires a complex syntax that
is not easy to be learned and applied (Recker 2010). Since there is a correlation
between process modelling competence and the creativity of process modelling
outcomes (Figl and Weber 2012), it can be assumed that the lack of adequate
BPMN expertise of many practitioners affects their creativity in process modelling
negatively. In addition, the complex notation of BPMN requires computational tool
support for modelling, which may explain the apparent importance of process
modelling tools in BPM surveys (Harmon 2016). It is certainly possible to sketch
process models using only a core or subset of the most important modelling ele-
ments in BPMN (Recker 2010; Grosskopf et al. 2010). Yet, the resulting models
would then have to be interpreted by modelling specialists to manually transform
them into more complex diagrams using a more complete subset of the BPMN
specification, and using the BPMN modelling tools that many companies already
invested in. This approach is error-prone as it bears the risk of misinterpretation.

The widespread view of process modelling as a routine task, reinforced by the
current dominance of the BPMN approach that has been declared a standard for
BPM, clearly favours procedures and tools over individuals and interactions. This is
an obvious obstacle for the adoption of S-BPM, particularly in rather conservative
domains such as the production industry.

8.2.2 Don’t Mess with My Core Process

Although the seamless integration of production and business processes is the
declared goal of numerous research initiatives and standard committees, companies
often remain wary regarding this topic. The reason for that is the belief integrating
processes also means exposing them, thus making them potentially vulnerable to
privacy and security threats. Traditionally, many manufacturing organizations have
sought to protect their production processes by disconnecting them from the outside
world. This shift especially concerns their IT systems used for lower-level
automation control, as these systems are considered to be vital for manufacturing
operations. Any malfunctioning of these systems, e.g. as a result of
denial-of-service attacks, will directly incur loss of productivity and loss of revenue
(Sadeghi et al. 2015). A maximum level of security is therefore preferred, often by
physically isolating security-critical systems and “core processes” from the rest of
the enterprise. This strategy is known as the “air gap” principle (Lass and Kotarski
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2014). Another strategy for keeping core production processes secure has been the
use of proprietary systems without standard interfaces, hoping the effort involved in
finding and exploiting vulnerabilities of a system will be too high for successful
attacks.

To realize the benefits of Industry 4.0 business models, there need to be seamless
integration mechanisms that address concerns of privacy and security. Some of
these mechanisms are already provided by standard communication protocols such
as OPC UA (Hoppe 2014). Yet, they need to be complemented by protective
measures on the business process level.

Today S-BPM does not offer solutions to these issues. The degree to which core
processes are exposed to external systems is often limited to coarse-grained doc-
umentation, whereby simple flowcharts are generally preferred over executable
notations such as S-BPM.

8.2.3 Hierarchies and Silos

A wide variety of stakeholders may need to interact at different stages of the life
cycle of production systems and production processes. They include mechanical
engineers, electrical engineers, software specialists, production managers, product
designers, shopfloor workers and sometimes clients. Discussing different process
designs in terms and models that can be understood by all stakeholders indepen-
dently of their education and discipline—namely, by using a common language
such as S-BPM—would certainly be advantageous. However, the main obstacle
here is that the local work culture in many companies does not encourage collab-
orative ways of working. For example, it can often be observed that managers take
process design decisions without including shopfloor workers in the
decision-making process.

In addition, mechanical engineers often devise production systems and processes
without consulting with the software specialists implementing associated control
systems (Alvarez Cabrera et al. 2010). These two examples refer to cultural issues
that can be referred to by the notions of hierarchies and silos, respectively. Com-
panies with a strong sense of hierarchy rarely use management approaches that
feature worker participation and empowerment. Silo mentality represents a similar
obstacle leading to poor collaboration across disciplines, functional departments
and business units.

The ground for S-BPM in production seems to be most fertile where companies
already have established lean and open organizational cultures. This finding is
confirmed by numerous industry experts viewing Lean Management as a precon-
dition for the successful implementation of Industry 4.0 and smart factories.
Regarding process modelling aspects of Lean Management, Kannengiesser (2014)
has already shown the consistency of S-BPM with the value stream design
(VSD) approach. However, the actual challenge remains for company organiza-
tions, namely to keep pace and align with these technical advances and foster a
participative, collaborative work culture.
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Where work cultures are characterized by hierarchies or silos, a strong tendency
exists to minimize and/formalize collaboration across interfaces between functional
units. Such a tendency favours “contract negotiation” and discourages open col-
laboration, establishing a primary obstacle for adopting S-BPM.

8.2.4 The Desire for Global Control Flow

A common human strategy for understanding and analyzing complex systems is to
construct simplified models representing them. These models concentrate on the
most typical case, ignoring many variations and exceptions that may occur.
Complex processes are mapped into linear sequences of abstract activities, even
though in reality stakeholders may behave non-linearly and in unpredictable ways.
The fact that these models often remain at quite a low resolution and at best provide
a snapshot of reality has commonly been accepted as an instance of the Pareto
principle: 80 % of the benefits of process modelling stem from 20 % of the process
modelling effort. However, as business and production become more volatile and
heterogeneous (Sinur et al. 2013), this principle does no longer apply—at least not
by focussing on just 20 % of all process variants. Unfortunately, this issue has
remained unnoticed by many process managers. For them, process models need to
be linear and mostly sequential, preferably from “end to end”.

S-BPM does not provide or support such a linear perspective. It conceptualizes
processes as interacting subjects that encapsulate behaviour, and thus hide parts of
the process. Instead of following a centralized (and thus linear) control flow, the
interactions between subjects can occur indeterministically at execution time. The
interplay between subjects is not represented as a linear flow of activities but as an
unordered network of messages in a Subject Interaction Diagram. S-BPM models
are thus oriented towards local autonomy and behaviour of the agents that execute
the subjects, and towards the ability to modify individual behaviours without
necessarily affecting the whole process system. There is not much work on com-
bining this bottom-up view with a top-down view describing a process from a
global system perspective. In such a perspective, the focus is on the desired
sequence of tasks to be performed, in order to achieve the system’s goals. It may
partially explain the ongoing popularity of simple flowcharts and control
flow-oriented approaches such as BPMN. Representations capturing a process in
terms of an “end-to-end” sequence of tasks have not been in the focus of research in
S-BPM till date.

What is missing in S-BPM models to provide a global process view? According
to some BPM practitioners, S-BPM lacks constructs that explicitly show the logical
sequence of (main) tasks (as, e.g. represented by sequence flow in BPMN), the
exact location(s) of the end of the process (as represented by “end events” in
BPMN), and the location of key decision points within the process (as represented
by gateways in BPMN). These would be models where the order of activation of
subject instances during process execution can be defined according to an assumed
“happy” (or any other, specifiable) path.
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The desire of “following a plan” as suggested by centrally controlled, linear
process models is a clear obstacle for applying S-BPM. At present, there are no
subject-oriented constructs that can cater to the desire for global control-flow
modelling.

8.3 Opportunities

We have elaborated the values and generic benefits of S-BPM as well as its major
obstacles in the production industry. Given this situation, what are the opportunities
that arise, in terms of areas of research and industry where S-BPM can realistically
create an impact? In this section, we try to provide an answer by first developing the
beginnings of a roadmap for S-BPM in production, before presenting a case study
overcoming some of the obstacles, and examining other fields of application
beyond the classical view of “production”.

8.3.1 Towards a Roadmap for Using S-BPM in Production

Having identified the various obstacles for adopting S-BPM in the production
industry, it is possible to develop a roadmap that may help navigating around these
obstacles. In this section, we will outline an initial basis for such a roadmap.

The four agile values are not completely independent of each other. However,
for the purposes of building a roadmap, we can treat them as four orthogonal
dimensions to provide future research with a frame of reference. Driving research
along one dimension means to develop extensions of S-BPM (methodologically or
computationally) and/or evaluate these using industrial case studies. Each of these
research efforts will face different obstacles as outlined in the previous Sect. 8.2.
The size of each obstacle and the degree to which S-BPM research is already
prepared to tackle them determines the speed with which research can demonstrate
the overall benefits of S-BPM in production. A roadmap may use this information
to propose a research agenda that aims at reaching out for the “low-hanging” fruit
first and addressing the more challenging issue later.

Figure 8.1 provides an overview of the four research dimensions using the
concept of a compass. Contrary to the normal use of a compass allowing
two-dimensional navigation, we use this concept to allow navigating in four
dimensions. So, in our four-dimensional world, “navigating” towards notational
simplicity (“North”) does not mean moving away from seamless integration
(“South”). Our “compass” is thus an abstract metaphor for navigation to help
visualizing opportunities for future research, despite the potential misunderstanding
pointed out here.

The circular arrow in Fig. 8.1 represents the sequence in which the four
dimensions ought to be addressed for boosting the adoption of S-BPM in

8 The Future: Obstacles and Opportunities 219



production industry. We chose the indicated sequence based on the amount of effort
we perceive will be required for tackling the associated obstacles.

The least amount of research effort is likely to be needed for removing or
navigating around the obstacle of “process modelling as routine task not ideation”,
thus driving research towards the notational simplicity dimension (“North” in the
compass in Fig. 8.1). Even in cases where process modelling is perceived a routine
rather than a creative task, the benefits of S-BPM in terms of ease of use and
stakeholder engagement are immediately obvious, as indicated by a growing
number of field studies in various industries (Fleischmann et al. 2015). More of
these studies are needed showing these benefits in the production domain.

Work in the SO-PC-Pro project has already started to deliver such case studies,
having the potential to serve as reference cases for further applications. Especially
in the more technical process domains in production where the BPMN standard had
only limited influence so far, there is a good chance that S-BPM may be welcomed
more than in traditional business process management domains. This effect may be
leveraged by future initiatives aiming to transform S-BPM into a formal standard
endorsed by an international standards committee. Another strategy could be to
borrow a limited set of graphical elements from the BPMN notation but constrain
their use to match the modelling semantics and conventions of S-BPM (Turetken
and Demirors 2013; Fichtenbauer and Fleischmann 2016).

The obstacle of “hierarchies and silos” is a slightly trickier one to address, as it is
a more general problem. Fortunately, an increasing number of companies are
adopting open work cultures. They are the ones S-BPM practitioners can directly
target rather than facing an uphill battle with traditional company cultures. The
S-BPM approach provides them with a tool that can overcome silos and hierarchies
based on its widely shared semantics (“West” in the compass). What still needs to
be addressed in more detail, however, is a governance framework answering
questions such as: When should a particular stakeholder become involved? To what
extent? Should the modelling activity be performed top-down or bottom-up? Such a
framework could be used to develop guidelines to help process managers feel more
at ease with the S-BPM modelling approach as today it does not answer these
practical questions.

Fig. 8.1 A “compass” for
S-BPM in production industry
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The next obstacle to be addressed is the one we call “don’t mess with my core
process”, impeding progress towards seamless integration (“South” in the com-
pass). It is based on the fundamental security, safety and privacy concerns that
persist in the production industry and thus keep raising reservations against tech-
nologies enabling seamless integration. S-BPM will not be able to dissolve these
concerns in the short term, as significant amounts of research as well as tool
developments are necessary. S-BPM does provide a sound conceptual basis for this
research, as it contains a number of concepts that can be used for enhanced privacy
and security control in seamlessly integrated production processes. Particularly, the
concept of encapsulation in S-BPM may be used as a basis for effective protection
of processes and data from external threats. Such an approach requires the imple-
mentation of S-BPM extensions as proposed by Dirndorfer et al. (2012). In addi-
tion, sophisticated mechanisms for access control of subjects (Lawall et al. 2015)
need to be realized.

Probably the most challenging obstacle to address is “the desire for global
control flow” that hampers adoption of the encapsulation idea (“East” in the
compass). A number of extensions of S-BPM seem to be necessary. Possible
research avenues include modelling incomplete or more coarse-grained subject
behaviours, similar to the notion of “normalized” behaviour proposed by Fleis-
chmann et al. (2012). Future work may also require a way to turn
communication-based subject relations into more abstract control-flow relations.
This enrichment could reduce the “communication clutter” caused by the typically
large number of messages in S-BPM models that often reduces readability, and
could provide a more condensed visualization of the main functionalities in the
process and their (expected or desired) sequence. Another way could be to intro-
duce the notion of a process view: Modellers can define and switch between dif-
ferent views of the same process, depending on the specific purpose (Browning
2009). For example, one may define a view of a Subject Interaction Diagram where
only those messages are shown that are associated with the value stream (Kan-
nengiesser 2014); other messages solely aiming at coordinating different subjects
would then be omitted. This reduces the number of messages in a chosen view
without having to resort to control-flow diagrams. Another view of a Subject
Interaction Diagram may use the design structure matrix (DSM) representation of
processes (Kannengiesser 2015).

Each of the four dimensions may be elaborated in future work, e.g. by adding
specific milestones. This could guide research activities in the sense of a detailed
roadmap and would allow measuring their progress.

8.3.2 Practical Application: A Case Study in the Food
Industry

The compass introduced in Sect. 8.3 represents the beginnings of a roadmap for
research in S-BPM in production, suggesting a sequence in which the four principal
issues can be addressed. We can adapt the meaning of this compass to identify the
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drivers and challenges related to using S-BPM in specific process implementation
projects in the production industry. In this section, we show how these challenges
were dealt with in a case study in the food industry.

The case study has been implemented for a large manufacturer of baked products
based in Mexico. In this chapter we will refer to this manufacturer as Company C.
Through participating in SO-PC-Pro, the management of Company C wanted to
perform a process improvement project in one of its sales outlets as a pilot for
rolling out the solution in other outlets throughout Mexico. The main focus was
increasing the profitability of the branch. For this purpose, two value drivers were
identified:

1. Loss of revenue because of product returns (i.e. products that need to be dis-
carded as they are no longer fresh (shelf life exceeded))

2. Loss of revenue because of lack of products (i.e. missed sales opportunities)

Targeting these value drivers were the main goals of the case study. As such, the
case study can be seen as a Lean improvement project, as it follows the classical
principle of the Lean methodology: to smoothen process flow by eliminating various
kinds of “waste”; here, the wastes of overproduction (generating unnecessary stock—
which in the present case study needs to be discarded after reaching the end of their
shelf life) and underproduction (causing consumers to wait for production—which in
the case study manifests itself as empty shelves and disappointed customers).

S-BPM was used for developing an improved production and delivery process
for baked and frozen goods in the selected sales outlet. This process implements a
pull system—a well-known Lean design principle—in addition to the existing push
system. This means that production is controlled not only by an upfront schedule or
production plan (“pushing” the process) but also by variations in product demand
(“pulling” the process). The process was partially automated and integrated in the
sales branch. Previously this process was executed only manually, without being
enforced or supported by a process execution system.

The four challenges or dimensions identified for S-BPM had various effects on
the project.

Notational simplicity: The relative ease of using S-BPM enabled interdisci-
plinary team of ten people to produce and validate a complete, executable model of
the to-be production process within a combined training and modelling workshop
that lasted five days. The modelling activity was initially performed using post-it
notes, cards and flipcharts, as shown in Fig. 8.2. Most workshop participants were
included in these initial stages of modelling, confirming the playful, engaging
character of S-BPM modelling. All models resulting from these initial elicitation
sessions were later transformed into computational models using the S-BPM tool
Metasonic Suite.

Apart from two S-BPM experts in the project team, none of the other team
members had modelled with S-BPM prior to the project. However, they were all
familiar with flowcharts, and two of them had even worked with BPMN in previous
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projects. Despite this bias towards the control-flow paradigm, everyone in the team
was fairly quickly able to get used to the subject-oriented way of thinking.

Widely shared semantics: Eliciting the production process from the workers in
the case study followed a traditional approach using interviews and observations by
consultants. Workers were not directly involved in creating, verifying or discussing
the process model. It was only through pilot testing of the implemented process
with its associated execution support systems that workers had the occasion to
experience and comment on the process. The lack of worker involvement during the
modelling stage was partially due to the technical character of the project, which
mainly aimed at automating tasks rather than establishing a completely novel way
of working. The creation of the process model was guided by two S-BPM experts,
overcoming the lack of formal frameworks governing the S-BPM modelling
activities. They also managed to train the S-BPM novices in the team to concep-
tualize processes in terms of the five simple constructs: subject, message, function
state, receive state and send state.

Seamless integration: For the purposes of the project, processes were not
required to be integrated vertically. The only possible integration that was discussed
was horizontal: Should the new production process include the upstream processes
in the plant providing the raw materials and producing unfinished products? A
decision was made to leave these (core) processes out of the scope of this project,

Fig. 8.2 Initial S-BPM modelling session performed using physical tools
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due to the nature of the project as a research endeavour. Security and similar con-
cerns would have been likely to play a role if this decision had been the other way.

Encapsulation: The outcomes of the initial phase of process elicitation—before
the S-BPM modelling approach was applied in the project—were captured using a
simple flowchart representation as shown in Fig. 8.3. This flowchart includes icons
and basic shapes with fairly open semantics. It was used to represent the production
process at a high level of abstraction, without enforcing any formal modelling
conventions. This flowchart was helpful in generating a common understanding
about the process among project team members. However, when using the S-BPM
approach for modelling the same process, the flowchart was no longer used. The
change in thinking from control flow towards subject-orientation required some
cognitive effort from some team members, which was facilitated by the two S-BPM
experts in the team.

The case study demonstrated the strengths and challenges of S-BPM according
to the four dimensions. While the implementation and evaluation of the case study
is still ongoing, the experiences gained during this study indicate that S-BPM is a
promising approach for process improvement projects in the production industry
although open research issues remain.

8.3.3 Other Fields of Application:
Architecture-Engineering-Construction (AEC)
as an Example

The high generality of the compass in Sect. 8.3.1 allows its application in domains
not directly related to production but sharing similar concerns including the need
for agility. These may be domains situated along the value chain or the lifecycle of
produced goods and services (ARC Advisory Group 2001). For example, domains
such as product data management (PDM), product lifecycle management (PLM),
supply chain management (SCM) and customer relationship management
(CRM) may require applications supported by an agile approach to process man-
agement. Other domains may be located even further from manufacturing. One of
them is the architecture-engineering-construction (AEC) industry. This Section will
present AEC projects as an example for the potential use of S-BPM in domains
beyond production.

Fig. 8.3 Flowchart providing a simplified, global view of the production process
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One of the principal concerns in the AEC domain is the planning and execution
of construction projects for the built environment. Over the past two decades, there
has been an increasing focus on the digitalization of building data to speed up the
execution of construction projects. The research concerned with digitalization in
this domain is commonly known as Building Information Modelling (BIM). A lot
of research and development activities in BIM have been devoted to creating a
standard model for building information, called Industry Foundation Classes
(IFCs). This standard comprises hundreds of building concepts for all building
lifecycle phases (e.g. design, construction, management and demolition). Its aim is
to support interoperability across hundreds of software applications and industry
domains. Subsets of IFCs, called Model View Definitions (MVDs), can be specified
to allow swift access to relevant parts of the data standard.

To facilitate the practical use of IFCs, the approach of Information Delivery
Manuals (IDMs) has been developed and adopted as an international standard (ISO
29481-1:2010). IDMs specify how data can be exchanged among different project
stakeholders by means of a process model and the types of information to be
exchanged. Specifications contained in an IDM are then mapped to relevant MVDs.
Specifically, the following artefacts are contained in an IDM:

• Process Map (PM): It is used for defining the industry process to be supported. It
should contain a set of activities, roles and the required data inputs and outputs.

• Exchange Requirements (ERs): They specify the information to be exchanged
among the contractors.

• Functional Parts (FPs): They allow mapping IDMs to concepts in MVDs.

AEC projects are typically carried out in timeframes of several years (Eastman
2014). As one of the causes for long project durations one can identify the
paper-based definition and exchange of IDM artefacts such as PMs, ERs and FPs.
The manual work required for interpreting, maintaining and validating these paper
documents is error-prone and time-consuming, especially when many parties are
involved as typical for AEC projects. The method that best describes this way of
working is the waterfall approach. In this approach, projects are structured in dis-
tinct phases that are separated by stage gates. The typical phases of an AEC project
(with their respective timeframes) are shown in Fig. 8.4.

The waterfall approach allows iterations within a phase but discourages itera-
tions across different phases: Once a document is produced at the end of a phase, it
is regarded as a final agreement serving as a “contractual” basis for the subsequent

Fig. 8.4 Typical structure of an AEC project (based on Eastman 2014)
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phase. Later changes would require not only renegotiation among the parties
involved, but also considerable effort to update and validate the consistency of IDM
documents.

It is somewhat surprising that most AEC projects rely almost exclusively on
paper-based documents, given that the principal motivation for BIM has been the
digitalisation of models and model exchange. So far, the benefits of digital infor-
mation exchange have been realized only for AEC process applications, but not yet
for the development process that generates these applications.

One of the obstacles for digitizing data exchanges in AEC projects is the reliance
on the traditional view of process modelling that favours extensive documentation
over rapid design and testing. This is revealed by the IDM standard that recom-
mends BPMN for defining process maps. However, some AEC researchers are
increasingly interested in more agile AEC project approaches. Such research efforts
can be categorized according to our four dimensions.

Notational simplicity: Lee et al. (2013) propose a method for IDM process
modelling that restricts the use of BPMN for process modelling to a subset of only
22 notational elements. The authors have realized that “IDM development is
challenging and error-prone due to an excessive and overwhelming number of
BPMN shapes” (Lee et al. 2013, p. 649).

Widely shared semantics: Efforts to reduce the notational complexity of pro-
cess models for AEC projects are also associated with the need to foster better
collaboration between the various disciplines involved in these projects. Engineers,
architects, constructors, facility managers, etc. should all be able to create, under-
stand and give feedback on process models representing their roles in a project.
This requires a common language, whose definition is the goal of current stan-
dardization initiatives such as building SMART (http://buildingsmart.org).

Seamless integration: The method proposed by Lee et al. (2013) tightens the
connection between PMs, ERs, FPs and MVDs, to support an integrated, seamless
development of process and data models. The use of standardized formats for
MVDs, such as the mvdXML format, enhances the validation of IFC files against
ERs defined in a given IDM and the corresponding MVD. The seamless integration
supported by that work is limited to the initial stages of process development,
unlike in production where seamless integration is mostly understood to cover the
usage stage (i.e. the execution) of processes.

Encapsulation: Encapsulation in process models is not a well-known concept in
IDM-related research. However, the strong interest in representing data flow (often
represented in existing IDMs using message flow between separate BPMN pools) in
IDMs may provide a fertile ground for adopting this idea. Subjects (i.e. encapsu-
lations) and messages (interlinking subjects) can be seen as two sides of the same
coin: Whenever there are several subjects in a process, there need to be messages to
coordinate their behaviours.

S-BPM has recently been suggested as a means for increasing the agility of AEC
projects (Kannengiesser and Roxin 2016), articulating the strengths of S-BPM with
respect to the four dimensions. Yet, more work is needed to understand the potential
implications of applying this new approach in the AEC domain.
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8.4 Conclusion

This chapter started by extracting the essence of using S-BPM in the production
industry, namely as a vehicle for agility in the development of production pro-
cesses. Borrowing from work on agile software development, four fundamental
features of agility were proposed, and it was shown how S-BPM can support them.
For each feature, a main obstacle was identified. It provided the basis for a roadmap
of research in S-BPM in production, represented as a “compass” in a
four-dimensional space of opportunities.

A case study in the food production industry was presented to illustrate the
practical implications of using S-BPM in production. Challenges in the case study
were classified and described according to the four dimensions of the compass.
Finally, the potential usefulness of the framework beyond production was exem-
plified based on a description of typical shortcomings of architecture-engineering-
construction (AEC) projects. The intention of this work was to outline the potential
role of S-BPM in tomorrow’s factories and give a possible pathway towards its
adoption in the manufacturing and other domains. So far, the potential benefits of the
subject-oriented approach have been pointed out for production industries mainly on
a conceptual level. The case studies presented in this and other chapters are only
beginning to demonstrate its practical value. This is one of the reasons, why S-BPM
is still rather unknown in the world of production management. However, this
situation is likely to change once a larger number of industrial applications using
S-BPM are available that go beyond laboratory prototypes and research pilots, and
prove its practical value. The conceptual framework established in this chapter can
guide the development and evaluation of such applications.
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