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5
Acting on Work Designs: Providing 

Support for Validation 
and Implementation of Envisioned 

Changes

This chapter introduces methods to enable to act on the results of articula-
tion and alignment processes. As such, it outlines paths towards sharing and 
anchoring new work practices in organizations. The proposed methods allow 
to qualitatively validate novel work practices and to agree on strategies for 
their wider roll-out. Drawing from current practice-oriented research in 
organizational development, Computer Supported Collaborative Work 
(CSCW), and knowledge management, this chapter also includes an account 
on supporting technology that could be used to aid method deployment.

5.1	� Creating Executable Models 
Through Scaffolding Articulation 
and Alignment

Articulation and alignment of knowledge that guides collaboration in 
work processes has been addressed in nearly every knowledge manage-
ment approach proposed over the last decades. As already described in 
earlier chapters, “articulation” refers to the process of encoding individual 
mental models (Pirnay-Dummer and Lachner 2008) about a particular 
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work process in a tangible form (“artifacts”) that enables reflection 
(Roberts 2009; Prilla 2015) and sharing (Arias and Fischer 2000). 
Processes of “alignment” consequently build upon these artifacts and are 
used in collaborative settings to alter and extend the individuals’ mental 
models. This enables them to operatively work together (Convertino 
et al. 2008; Oppl 2016) and modify the artifacts accordingly to represent 
the aligned understanding.

The representation of mental models in externalized artifacts is often 
approached via creating diagrammatic conceptual models. The capability 
to use conceptual modeling for the purpose of articulation and alignment 
must, however, not be assumed to be present for all participating actors 
(Arias et al. 2000; Hjalmarsson et al. 2015). Inexperienced participants 
require more support and guidance than experienced ones. However, the 
latter might be hampered by an enforcement of modeling structures of 
procedures, leading to less articulation and alignment activities (Franco 
and Rouwette 2011).

The topic of how to facilitate the development of skills in conceptual 
modeling in organizational research has been addressed as early as in the 
1960s, when Morris (1967) stated that “if one grants that modeling is 
and, for greatest effectiveness, probably ought to be, an intuitive process 
for the experienced, then the interesting question becomes the pedagogi-
cal problem of how to develop this intuition”. This question has also been 
picked up in enterprise and work modeling as the discipline continued to 
mature (Sandkuhl et al. 2014), and has moved away from being consid-
ered an “art” that requires “intuition,” to a more scientifically grounded 
discipline (Willemain 1995).

In recent years, literature recognizes a trend towards a strong and active 
involvement of stakeholders in the modeling process (Tavella and 
Papadopoulos 2014) (Recker et al. 2012), who are usually not formally 
educated in the modeling skills (Powell and Willemain 2007). Models are 
considered to act as boundary objects (Franco 2013) that enable people 
who collaborate within organizational structures to articulate and align 
the understanding of their work systems (Briggs et al. 2013). Research in 
this domain has focused on how to facilitate modeling activities under 
involvement of such “novice modelers” (Tavella and Papadopoulos 2014) 
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towards the ends of generating models appropriate for the respective aims 
of modeling (Hjalmarsson et al. 2015). In contrast, the question of how 
to support the development of skills to work with, and on the basis of, 
conceptual models for this group of people, who usually do not have the 
opportunity to dedicate effort and time to formal modeling education, 
has hardly been a subject of research. The potential added value of such 
skills for this group, however, has been recognized repeatedly over the last 
decades in terms of pursuing a deeper understanding of the domain and 
phenomenon being subject of modeling (Mayer 1989; Davies et al. 2006; 
Hjalmarsson et al. 2015).

5.1.1	� Scaffolding

Scaffolding is a concept introduced in the field of educational tutoring 
by Wood et al. (1976). It originally refers to having an experienced per-
son help an inexperienced learner to acquire knowledge about a particu-
lar topic. Scaffolding is a metaphor adopted from construction industry 
and refers to a temporary means of support that is present until the 
entity supported by scaffolds (here: an actor participating in conceptual 
modeling) can accomplish a given task independently (Van de Pol et al. 
2010). It is usually motivated by keeping actors in their “zone of proxi-
mal development” (ZPD) during a learning process (Vygotsky 1978), 
that is, putting them in a situation, which is challenging, yet attainable, 
to them. In order for scaffolds to be acceptable for actors and provide 
added value to them, they need to be appropriated to their current skill 
level (Dennen 2004).

Scaffolding can take different forms. Based on a meta-study of scaf-
folding research Jumaat and Tasir (2014) distinguish conceptual scaf-
folds, procedural scaffolds, metacognitive scaffolds, and strategic scaffolds. 
Conceptual scaffolds help learn to decide what to consider to be worth 
learning. In particular, they can help to prioritize fundamental concepts. 
Procedural scaffolds assist students in using available tools and methods 
and point them at potentially useful resources. Strategic scaffolds suggest 
alternative ways to tackle problems in learning. Finally, metacognitive scaf-
folds guide students in how to approach a learning problem and what to 
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think about when elaborating on a problem. Orthogonally to these cat-
egories, Bulu and Pedersen (2010) identify differences in the sources of 
scaffolding. Scaffolds provided by teachers are considered the original form 
of scaffolding. Scaffolds provided in interactions among learning peers refer 
to the phenomenon that scaffolding can arise from the collective knowl-
edge of a learning group. Scaffolds can also be provided as textual or 
graphical representations, similar to a manual. Technology-driven scaffolding 
uses (information) technology to provide scaffolds. This includes interac-
tive systems that try to intervene appropriately in the learning process 
based on observing learners’ behaviors or static intervention rules.

Independently of which form of scaffolding is pursued, it is always 
characterized via the presence of three principles that have been identified 
by Van de Pol et al. (2010): The first common principle is contingency, 
which is often referred to as responsiveness or calibrated support. Scaffolds 
need to be adapted dynamically to the learners’ current level of perfor-
mance. The second principle is fading, which refers to the gradual with-
drawal of the scaffolding. As learners develop their skills, support becomes 
less necessary and is decreased over time. This is closely connected to the 
third principle transfer of responsibility. Via fading, responsibility for the 
performance of a task is gradually transferred to the learner. The respon-
sibility for learning is transferred when a student takes increasing control 
of the learning process. The implementation of these principles is based 
on diagnosis of a learner’s need for support, which is usually done by a 
teacher (Stender and Kaiser 2015), but also can be implemented in inter-
active systems (Su 2015).

On an operative level, scaffolding is implemented via different means. 
Van de Pol et al. (2010) list a (non-exhaustive) set of measures such as 
giving feedback, providing hints, instructing, explaining, modeling (i.e., 
demonstrating the skill to be acquired), and questioning. They differ in 
their depth of intervention and the reduction of freedom in students’ 
learning processes. How to appropriately select and implement scaffold-
ing as interventions in the learning process is disputed (ibid.). The 
described categories and means thus should be considered a framework 
for observing and designing learning settings, rather than attributing 
them any normative value.
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5.1.2	� Scaffolds for Stakeholder-Centric Work 
Modeling

Our review of related work has shown that, while scaffolding has already 
implicitly and, to some extent, explicitly been deployed in the field of 
conceptual modeling, a structured approach to describe and design scaf-
folding in modeling activities is not available. As argued earlier, augment-
ing the design of stakeholder-centric modeling activities with a scaffolding 
perspective could help improve the understanding and creation of enter-
prise models in the target group. In the following, we therefore review 
scaffolding approaches proposed in other disciplines, which require skills 
similar to stakeholder-centric conceptual modeling, in particular with 
respect to articulation of abstract concepts describing real-world phe-
nomena (Frederiks and van der Weide 2006) and the support of develop-
ing a common understanding about these phenomena (Prusak et  al. 
2012). Based on these approaches, we develop a framework for scaffold-
ing in enterprise modeling, which constitutes our nascent design theory.

5.1.2.1 � Scaffolding the Articulation of Models

The process of articulating abstract concepts, being a main activity in 
conceptual modeling, has been widely examined regarding potential scaf-
folding support in the field of mathematical and science education.

Ozmantar and Roper (2004) consider teacher interventions as the 
major means of scaffolding (in the context of mathematical abstraction 
problems). Their study focuses on examining the activities of the per-
son providing scaffolds. They identify three major facets that they 
could observe. First, they observed that scaffolding strategies were cho-
sen in an ad-hoc manner based on continuous monitoring and analyz-
ing the actors’ performance. Which scaffold is appropriate in which 
situation cannot be determined ex-ante. It requires continuous moni-
toring of the learning process to check whether a provided scaffold 
achieves the intended effect and allow for adapting one’s scaffolding 
strategy. Second, they identify a major means of scaffolding to provide 
metacognitive scaffolds by organizing the main goal of the learning activ-
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ity into hierarchical sub-goals. Third, they could observe fading and 
transfer of responsibility to take place when models went beyond their 
initial construction and had begun to stabilize via consolidation activities.

Land and Zembal-Saul (2003) examine how reflection and articula-
tion processes on scientific explanations can be supported by scaffolding. 
This focus is conceptually close to what other authors refer to as concep-
tual modeling. They examine means to scaffold reflection and articula-
tion on a longer-term time scale and focus on means of scaffolding via 
peers. Their scaffolds are deployed via a software platform and are mainly 
metacognitive, based on task-specific prompting. They could show that 
their design was useful to learners and led to sophisticated explanations, 
indicating the construction of elaborate abstractions. They, however, 
found that the utility of “static” scaffolds as provided by their platform 
was dependent on the background knowledge of the learners. They thus 
suggest combining their approach with human instruction that provides 
more explicit scaffolding, especially for novices.

Stender and Kaiser (2015) discuss the importance of scaffolding the pro-
cess of developing mathematical models related to real-world problems and 
validate their appropriateness for problem-solving. Rather than describing 
concrete scaffolds, they focus on the diagnosis of student needs and fading 
support measures to facilitate independent problem-solving by students. 
Based on existing research on adaptive teacher interventions, they identify 
the invasiveness of different types of scaffolding in terms of restricting stu-
dent’s freedom of choice on action. Their empirical results allow them to 
suggest scaffolding interventions in the model articulation process to facili-
tate problem solving. Their results indicate, among others, the usefulness of 
decomposition of the modeling task, availability of model simulation tools, 
and referring to existing knowledge via metacognitive scaffolds.

5.1.2.2 � Scaffolding Argumentative Collaboration 
for Alignment

Several authors have also examined how to scaffold collaborative articula-
tion, in particular with focus on peer facilitation of argumentative 
processes.
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Abdu et al. (2015) examine how the process of peer facilitation can be 
supported through scaffolding with whole-group interventions in class-
room settings. Their focus consequently is on argumentative design that 
should prevent unguided model creation. They propose to provide strate-
gic scaffolds by demonstrating solution paths upfront, before peer inter-
action starts. Furthermore, they establish explicit prompting practices for 
peer collaboration to establish collective responsibility for the learn-
ing process.

Chin and Osborne (2010) show how discursive interaction (i.e., argu-
mentation) can be supported by scaffolding in science education. They 
propose to provide question prompts for enabling peers to ask questions 
that allow exploring a problem or a proposed solution in depth (King and 
Rosenshine 1993). They also suggest providing conceptual scaffolds in 
the form of additional resources on the topic of interaction and proce-
dural scaffolds in the form of guiding structures (such as writing stems or 
diagram templates). Finally, the authors propose to work with heteroge-
neous groups, where participants have different views, to facilitate con-
fronting argumentation (Prusak et al. 2012).

Ge and Land (2004) focus on the development of domain-specific 
question prompts to scaffold problem-solving in peer interaction set-
tings. They establish guidelines for designing such scaffolds that are based 
on a combination of generic discursive prompting (King and Rosenshine 
1993) and domain-specific prompts that they claim should be developed 
in cooperation with domain experts. They also suggest structuring a 
discourse via explicit assignment of roles to learners, which they should 
take in their interaction.

Vogel et al. (2017) present a meta-study on how collaboration scripts 
can be used for scaffolding in IT-supported learning environments. 
Collaborations scripts (Kobbe et  al. 2007) are strategic scaffolds that 
specify a sequence of learning activities to be completed to achieve the 
aim of a particular task. They found that collaboration scripts have posi-
tive effects on the acquisition of domain-specific knowledge in relation to 
the task and collaboration skills in general. They claim that repeated par-
ticipation and practice in activities supported through scaffolds by col-
laboration scripts leads to an internalization of the required performative 
knowledge, and gradually allows withdrawing the script guidance while 
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still maintaining the developed problem-solving strategies, not only in 
terms of collaboration, but also regarding domain-specific skills.

5.1.3	� A Framework for Scaffolding Model 
Articulation and Alignment

Backed by the results of prior research outlined earlier, we hypothesize 
that scaffolds can be developed for the purpose of skill development in 
stakeholder-centric modeling settings. The modeling process in this con-
text is considered a process of articulation. It is indivisibly embedded in 
its social context that requires viewing conceptual modeling as a process 
of co-construction, ultimately leading to a shared understanding about 
the topic of modeling among the participating actors. Consequently, a 
conceptual model always only can represent the agreed upon abstractions 
of the perceived real-world phenomena considered relevant by the par-
ticipants. Its value is further determined by the chosen representational 
system that needs to be selected according to the intended purpose, that 
is, goal of modeling.

Following this understanding, modeling approaches from a scaffolding 
perspective need to address the following meta-requirements (Walls et al. 
1992): (A1) provide scaffolds for the level of model representation (i.e., 
encoding abstractions in an external representation), (A2) provide scaf-
folds for the level of model articulation (i.e., developing an understanding 
about the real-world phenomenon that is the topic of modeling), and 
(A3) provide scaffolds for the level of collaborative model alignment (i.e., 
the process of mutually supporting the development of a shared under-
standing about the topic of modeling and the modeling process itself ).

Furthermore, in order to allow for contingency, fading, and transfer of 
responsibility, (A4) scaffolds need to be provided with different degrees of 
invasiveness to allow to adapt modeling support to the current needs of 
the modelers.

Based on these requirements, we draw from the results of our literature 
review in the following and propose a meta-design (Walls et al. 1992) in 
the form of a scaffolding framework which should support the process of 
enterprise modeling on all three levels identified earlier. The framework is 
visualized in Fig. 5.1.
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Fig. 5.1  Dimensions of scaffolding during work modeling

The fundamental constituents of the framework are visualized on the 
top, bottom, and left margin of Fig. 5.1. Its starting point can be found 
on the left, where our conceptualization of enterprise modeling being 
activities of a group of actors to create a common conceptual model is 
shown. As identified earlier, this requires performing model representa-
tion, model articulation, and model alignment activities, and is usually 
supported by a facilitator.

The top margin of Fig. 5.1 structures different types of scaffolds (Van 
de Pol et al. 2010) according to their invasiveness of intervention (Stender 
and Kaiser 2015) (cf. A4). Depending on the diagnosis of current needs 
of the group of stakeholders engaged in modeling, the facilitator is 
deploying different types of scaffolds following the principles of scaffold-
ing visualized at the bottom margin of Fig. 5.1. The more responsibility 
is transferred to the modelers, the more support measures are faded out, 
and scaffolds are deployed (if any) that are less invasive. In case of contin-
gency, the facilitator is free to temporarily fade in stronger support to 
keep the modelers oriented towards the aim of modeling.

The center of Fig. 5.1 shows the aspects of modeling that should be 
addressed by different types of scaffolds for model representation (cf. A1), 
articulation (cf. A2), and alignment (cf. A3). In general, conceptual scaf-
folds, independently of the addressed level, motivate the topic of model-
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ing, show its relevance, and allow to validate the model with respect to 
their appropriateness in real-world use. Metacognitive scaffolds support 
the understanding of the structure of the modeling task and indicate how 
to conceptualize the real-world phenomenon. On the level of model 
alignment, metacognitive scaffolds indicate which aspects of a model are 
subject to alignment (i.e., interfaces between model parts, in contrast to 
those aspects that remain in the responsibility of individual modelers). 
Strategic and procedural scaffolds aim at supporting the modeling pro-
cess itself, either by showing potential behavioral strategies in the first 
case, or providing stricter guidance in the second case. On the level of 
model representation, such scaffolds focus on syntactic aspects of model-
ing, whereas articulation and alignment focus on semantic aspects.

Scaffolds of either form and on either level can be delivered via differ-
ent channels. They can be provided by procedural guidance or by artifacts 
(static or interactive media) designed to mediate the modeling process. 
Procedural guidance can be provided by a human facilitator or an 
IT-based system, in case the latter is capable of monitoring the modeling 
progress and analyzing the challenges participants currently face on their 
individual skill level. Procedural guidance by humans can be provided by 
expert facilitators or peers, when the latter are provided with further scaf-
folds that guide the facilitation process itself. Designed artifacts can be 
provided for domain-specific support and for collaboration support, 
whereas in both cases their value is determined by an anticipated fit 
between the skill level of the addressed actors and the support provided 
by the artifact. As this fit usually cannot be taken for granted, pre-
designed scaffolds are usually combined with a form of proce-
dural guidance.

Figure 5.2 gives examples of these different types of scaffolds, distin-
guishing between different sources of scaffolding. The examples are taken 
from research cited earlier.

The examples should be considered a non-tentative overview about 
how the different forms of scaffolding can be provided via different deliv-
ery channels. They are deliberately not assigned to the different levels of 
support indicated in Fig. 5.1 (model representation, model articulation, 
model alignment), as existing literature does not distinguish these levels.
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Fig. 5.2  Examples of different forms of scaffolds for work modeling

5.1.4	� Scaffolding Articulation and Alignment 
in CoMPArE/WP

The proposed framework can be used to augment the CoMPArE/WP 
(Collaborative Model Articulation and Elicitation of Work Processes) 
method (as described in Chap. 4), which explicitly aims at supporting 
articulation and alignment of stakeholders’ views on their contributions 
to enterprise processes and the collaboration necessary to implement 
them. The method follows a multi-step modeling approach, in which 
participants first collaboratively create a concept map to agree on the 
notions used to refer to the relevant aspects of their work, then individu-
ally model their views on their own contributions and interfaces with 
others, and finally consolidate these models in a discursive way to create 
an agreed-upon representation of the overall work process. If modeling 
rules are adhered to, the resulting models are technically interpretable by 
a workflow engine, and in this way can be validated through simulated 
execution (Oppl and Alexopoulou 2016).

CoMPArE/WP offers support measures to enable modeling by stake-
holders who do not have any prior knowledge in conceptual modeling. 
These support measures are briefly described in the following and then 
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classified using the proposed framework (cf. Fig. 5.3). The global multi-
step modeling procedure is introduced by a facilitator, who is expected to 
be trained when implementing the method. The participants are also pro-
vided with a one-page written/graphical summary of the global procedure. 
The modeling notations for individual articulation and collaborative 
alignment are pre-specified and are provided via cardboard model elements 
that follow a coloring scheme encoding the semantic elements of the used 
modeling language. The same coloring scheme is used in poster-sized 
printed templates that indicate the expected model layout that needs to be 
adhered to in order for the results to be unambiguously interpretable via 
technical means. Printed model examples are provided for reference in case 
of uncertainty on how to use the model elements or their semantics. The 
participants have access to written descriptions of the modeling rules for 
each step. In the course of the workshop, the facilitator observes indi-
vidual model articulation and provides role-specific prompts to aid model 
development. If necessary, the facilitator demonstrates model development 
using an example. During consolidation, the participants are expected to 
contribute their individual models and support the identification of model 

Fig. 5.3  Scaffolds deployed in CoMPArE/WP (references indicate the foundation 
for design)
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parts that indicate divergent views on how to collaborate. The identifica-
tion process is supported via the contributed models of all participants that 
should contain semantically identical model elements in case of agreement 
on how to collaborate. The resulting model is transformed into an exe-
cutable version by means of image recognition (Oppl 2015) and interac-
tively validated via simulated enactment, enabling participants to identify 
inadequacies of the developed model.

5.1.5	� Example

Applying scaffolding to CoMPArE/WP leads to observable effects caused 
by how the facilitators guided model representation and alignment. 
Figure 5.4 shows a model layout template used as a strategic scaffold for 
model representation for consolidation. The three photos in Fig.  5.4 

Fig. 5.4  Top left: model layout template; top right and bottom: modeling results 
of workshops
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illustrate the different results of consolidation. On the representation 
level, the aim is to resemble the layout indicated in the template (blue 
elements on top, red elements aligned below in lanes, yellow elements 
placed between lanes). On the alignment level, participants themselves 
should discover problems in the depicted process (e.g., non-matching 
communication expectations) and resolve them.

The facilitator in workshop 1 deployed model representation scaf-
folds on a strategic and procedural level. Scaffolds for model articula-
tion and alignment were not used. Fading, transfer of responsibility, or 
contingency could not be observed. This resulted in a syntactically cor-
rect model but led to little involvement of the stakeholders in model-
ing and articulation and no observable alignment activities. The 
facilitator in workshop 2 introduced the global multi-step modeling 
procedure as a high-level procedural scaffold and provided the partici-
pants with metacognitive scaffolds on representation, articulation, 
and alignment. Contingency could not be observed, although partici-
pants showed signs of being overwhelmed with the task. The facilita-
tor rather shifted full responsibility to the participants after an initial 
deployment of the metacognitive scaffolds. While high involvement 
of all participants in articulation could be observed, participation was 
declining during alignment, and led to a syntactically incorrect mod-
eling result, with semantic deviations from the proposed model-
ing language.

The facilitator in workshop 3 actively implemented contingency and fad-
ing. The facilitator started with strategic scaffolds for model representa-
tion and articulation, briefly provided procedural scaffolds at the start of 
the consolidation step, and provided metacognitive scaffolds in case of 
contingency. The observed modeling process continuously showed high 
involvement in articulation and alignment, with deviations from the pro-
posed modeling notation in the final modeling result.

This example has shown that scaffolding plays a crucial role in devel-
oping models that are both adequate representations of the stakehold-
er’s mental models and syntactically correct descriptions of a work 
procedure that can be processed further for validation and eventually 
put to practice.
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5.2	� Participatory Enactment Support 
Instrument

Once novel work designs are initially represented as syntactically cor-
rect and executable process models, they still require to be validated and 
potentially need to be elaborated to cover all relevant aspects of the 
real-world process (Santoro et al. 2010). Validation is usually carried 
out by chauffeured model walk-throughs (Santoro et  al. 2010; 
Herrmann et  al. 2004)—a facilitator presents the model to domain 
experts and explores the validity of the represented process informa-
tion—or by simulation games—whereby a process is usually played 
through in a collaborative setting and potential improvement are iden-
tified (Smeds and Alvesalo 2003).

Such simulation games, however, are rarely supported by information 
systems. They rather take place in a social setting that resembles a simpli-
fied version of the actual work environment. Interactive validation 
through enacting models via a dedicated validation information system, 
nevertheless, could enable users to play through the model while keeping 
track of the progress through the model, thus relating work experiences 
more directly to the properties of an underlying process model. Such 
approaches are inspired by the idea of user interface prototyping (Floyd 
1984; Nielsen 1993) and have been heavily adopted in task-model-based 
interactive system design (Dittmar et al. 2004; Mori et al. 2002). While 
proposed for BPM already more than 20 years ago (Berztiss 1996), this 
idea hardly has been examined scientifically since then, and is only 
adopted in some commercial tools.

In case of process walk-throughs (Santoro et al. 2010; Herrmann et al. 
2004), changes to the work process model are usually performed imme-
diately, allowing users to assess their proposed modifications directly. 
Immediate changes are usually not possible if validation is based on 
model execution. Here, design and runtime are kept separate, enabling 
modifications to the model only in between validation cycles. This is 
mainly due to conceptual and technical considerations, as changing the 
model of a process instance during runtime usually has implications on 
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the consistency of the instance information (Floch et al. 2006; Reichert 
and Dadam 2009).

Validation, in contrast to process execution in production systems, 
does not lead to actual output. Continuing execution despite missing 
information or inconsistencies among different process parts thus is an 
option here, if the validation environment keeps track of such issues and 
allows manually circumventing or resolving them. Once a process change 
prevents further execution of an instance, validation can still continue by 
re-starting an instance.

Direct adaptation of process models in enactment-based validation 
sessions brings together the advantages of model-based process walk-
throughs in terms of immediate reflection of changes, with the advantage 
of the immediacy of workflow validation via enactment as widely demon-
strated in task modeling and UI prototyping. We here introduce a virtual 
enactment platform for validation and elaboration of process models that 
addresses this challenge. At the same time, it aims to bring the advantages 
of facilitated model walk-throughs to the field of validation through 
model enactment by offering adaptive support in the validation process, 
offering prompts on what to consider, or pointing at potential further 
steps to be performed during validation (e.g., as proposed by Herrmann 
and Loser 2013).

5.2.1	� Background: Process Walk-Throughs 
and Enacted Prototypes

The concept of walk-throughs for exploring the design of a socio-technical 
system (such as a business process, but also end-user software or enter-
prise information systems) was first proposed more than 25 years ago. 
Polson et  al. (1992) have proposed to use cognitive walk-throughs to 
evaluate user interfaces of software. Their approach focuses on individual 
users and their perception of the socio-technical system. Pinelle and 
Gutwin (2002) transfer this concept to the area of work support systems 
and aim at examining groupware usability by means of walk-through 
techniques. They still focus on the individual users as the main subject in 
the walk-through and aim at evaluating existing designs rather than 
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actively engaging walk-through participants in design activities. 
Herrmann et al. (2007) transfer the concept of walk-through to collab-
orative settings and explicitly integrate design activities in the walk-
through process, granting participants an active role in validating and 
refining a socio-technical system. They draw from earlier work in the area 
of participatory design (Kensing and Blomberg 1998) and specify the 
procedures embedded in their approach based on approaches like 
scenario-based design (Holbrook 1990) or contextual design (Beyer and 
Holtzblatt 1997). They base their walk-throughs on graphical representa-
tions of a model of the socio-technical system, which serve as an anchor 
for communication and keep the walk-through focused (Herrmann 
et al. 2002).

Similar concepts have also been proposed for business process elicita-
tion (e.g., Santoro et  al. 2010; Front et  al. 2017). The proposed 
approaches, however, focus on knowledge elicitation in models and their 
transformation to a format along BPM activities that can be processed. 
They remain vague with respect to the actual procedures in the walk-
through and leave guidance to a facilitator, whose role is not discussed in 
detail. This lack of methodological depth is addressed by Caporale (2016), 
who proposes an approach in which process model constructs are derived 
from natural language process descriptions, enabling stakeholders to 
describe their work using familiar constructs. Hjalmarsson et al. (2015) 
explicitly examine the role of facilitators in system analysis and design, 
but focus on identifying generic facilitation strategies rather than describ-
ing their activities in detail.

The idea of using prototypes of systems that can be enacted for the 
purpose of walk-throughs has been adopted early in the area of user inter-
face validation (Nielsen 1993) and is a common practice in this area ever 
since then. It was eventually picked up for validating work support sys-
tems in the area of task-based interactive system design (e.g., Dittmar 
et al. 2004; Mori et al. 2002). Sousa et al. (2011) propose to combine 
business-process modeling with task-based user interface design, with 
involvement of actors to create a better fit between their expectations and 
the interactive system’s properties. A similar approach is proposed by 
Sukaviriya et al. (2007), who use business process models as the founda-
tion for rapid user interface prototyping.
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All these approaches have in common that they distinguish design-
time from runtime in model processing and thus do not allow to make 
changes to a prototype while it is being enacted. More recent research has 
explored the potential for runtime adaptability of systems (e.g., Hartmann 
et al. 2008; Floch et al. 2006; Reichert and Dadam 2009; Schiffner et al. 
2014), making it possible to modify user interface prototypes (Hartmann 
et al. 2008) or whole business process architectures (Floch et al. 2006; 
Reichert and Dadam 2009; Schiffner et  al. 2014) while they are 
being executed.

We adopt the idea of runtime adaptability of processes to extend the 
ability of performing design activities in the course of walk-throughs, as 
proposed by Herrmann et al. (2007), to validation and elaboration activi-
ties that are based on prototypes of business processes that can be enacted. 
Such an approach requires facilitation beyond what is required in model-
visualization-centric walk-throughs (as not all aspects of the process are 
visible all of the time), but also what is used in traditional iterative proto-
typing processes (as changes to the underlying model can occur during 
running instances). We again adopt the educational concept of scaffold-
ing, as presented earlier, to provide the foundation for developing and 
deploying appropriate support measures.

5.2.2	� Implications of Enacting Dynamically 
Changeable Prototypes

During participatory enactment, the actors go through the work process 
step by step. For each step, the responsible actor assesses

•	 whether the step is correct and described in sufficient detail, and
•	 whether the next step is the only possible way to progress or if there are 

alternative ways of continuing with the work process. This can refer to 
alternative options of progressing, optional activities, or activities that 
have been omitted in the original model

If any on these assessments lead to the need for changes in the process, 
these changes would be incorporated in the model underlying enactment 
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immediately. Changes can have different effects that might trigger the 
need for further changes in the behavior of other actors (here represented 
in the work models as subjects, as introduced in Chap. 3) or in the overall 
process. Potential changes in ascending order with respect to their impact 
on the overall process are:

	1.	 adding, altering, or removing a subject’s activities
	2.	 shifting activities from one subject to another
	3.	 altering the sequence of information exchange between subjects
	4.	 adding or removing information required from or provided to 

another subject
	5.	involving a new subject in the process

Case 1 refers to situations where only the behavior model of a subject 
is altered without affecting its interfaces to other subjects. The content, 
form, and sequence of information exchange remain unchanged. In this 
case, the changes only affect one actor and do not require changes in the 
behavior model of other subjects. An example would be extending the 
behavior model of a subject with an additional optional activity that, in 
some cases, might be needed to prepare information for an activity 
already represented in the model.

Case 2 refers to situations where the content, form, and sequence of 
information exchanges remain unchanged, but responsibilities are shifted 
from one subject to another. In this case, the affected function state must 
be incorporated in the behavior model of the target subject. An example 
would be shifting the responsibility for an already existing activity from 
one department to another, each of which is represented as a subject in 
the work model.

Case 3 refers to situations where the sequence of information exchange 
is altered; however; both content and form remain unchanged. In this 
case, the subject partnering in the communication needs to adapt its 
behavior model to fit the new expectations. This might trigger subse-
quent changes in this subject, which again potentially causes cascaded 
changes elsewhere in the process. An example without cascaded changes 
would be altering the sequence of information exchange between the one 
department and another to optimize for time efficiency in communica-
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tion. This causes changes in the targeted department, as it has to be pre-
pared to accept and process information already at an earlier point in 
time in the process.

Case 4 refers to situations where the information exchange is funda-
mentally altered in a way that adds or removes communication acts to or 
from the behavior models of the involved subjects. This necessarily causes 
changes in the targeted subject’s behavior model, as it needs to react on 
new information or provide information that was not expected before the 
change. This again potentially causes cascaded changes elsewhere in the 
process. An example would be the decision of one actor to alter commu-
nication policies for decisions within an organization. The original way of 
communication thus is changed and requires the originally involved 
actors to change the behavior models of their respective subjects.

Case 5 refers to situations when a new subject is added to the process. 
This requires specifying the communication interface (i.e., the informa-
tion exchange) with this new subject as well as its behavior if it is known 
and relevant to the work process. Adding a new subject might have impli-
cations on the behavior of the other involved subjects, as additional 
information exchange might be required. An example would be the addi-
tion of an additional actor for decision-making in a work process for 
specific cases. In this case, the behavior of the other actors needs to change 
to communicate with the new actor.

In case a change of a behavioral model of a subject triggers the need for 
changes in the models of other subjects (i.e., in cases 2–5), those changes 
do not necessarily need to be made immediately. Models of subjects’ 
behavior are only loosely coupled and are basically executed indepen-
dently. Necessary changes in a subject’s behavior, such as addition or 
removal of activities or messages, need to be kept track of by the enact-
ment instrument and only need to be considered before execution of that 
respective subject continues. Considering the example used in case 4, this 
means that the one actor could change his/her process and continue to 
describe the altered activities from his/her own perspectives. The need for 
changed communication interfaces and behavior for the other actors 
would be logged and can be handled when execution of their respective 
parts of the process continues. The refinement of the process, however, 
can only be finished, once all open change requests have been resolved by 
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either incorporating them in the targeted subject’s behavior model or 
undoing them in the originating subject’s behavior model.

Process validation and elaboration through enactment is a means to 
complete a process description without the need to create comprehensive 
formal process models by traditional conceptual modeling. Separation of 
models and model changes along the different involved subjects reduces 
complexity and allows focusing on a single subject’s behavior at a time. 
Using the execution engine supports simulating complex decision pro-
cesses by incrementally adding process variants to the model as the simu-
lation continues. Complex models of collaborative work processes emerge 
in this way without the need to ever translate one’s perceptions of a work 
process to abstract process descriptions. Still, as the model emerges, it 
permanently maintains a syntactically valid state that allows for further 
processing, such as live validation of deadlocks, life-locks, or mathemati-
cal simulation of capacities.

5.2.3	� Tool Support

We here assume that process models can be validated and elaborated by 
enacting them in an artificial setting (i.e., not situated in a real-world 
context impacting actual business cases) and performing changes to 
model whenever issues are identified. We refer to this process as “vir-
tual enactment” in the following. As is known from facilitated model 
walk-throughs, domain experts and stakeholders might require sup-
port in their model elaboration activities, in particular when they do 
not have in-depth experiences or expertise in such activities 
(Hjalmarsson et al. 2015; Herrmann and Loser 2013). The importance 
of dynamically adapting the level of support depending on the level of 
experience or expertise of the stakeholders is especially stressed in the 
study by Hjalmarsson et al. (2015) based on empirical evidence. We 
therefore augment virtual enactment with the educational concept of 
scaffolding, which inherently requires supportive interventions to be 
designed and deployed in an adaptive way (Van de Pol et al. 2010). The 
overall conceptual approach is thus termed “virtual enactment through 
scaffolding.”
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5.2.3.1 � Conceptual Considerations

Virtual enactment, as specified here, draws from the concept of facili-
tated model walk-throughs (Herrmann et  al. 2004), which are usually 
carried out in a co-located group setting, bringing together all involved 
stakeholders at the same place and at the same time to collaboratively go 
through the process. A distributed form of model walk-throughs can be 
imagined (and actually has been considered in our earlier work; 
Wachholder and Oppl 2012, 2014) but is not subject of the presented 
approach due to the inevitable loss of communication and negotiation 
potential that would need to be compensated for by further groupware 
instruments.

Designing the instrument for co-located synchronous enactment has 
implications on the necessary support measures. The process fundamen-
tally should be enacted in an actor-centric way, that is, use the involved 
process actors as the primary dimension for structuring process enactment. 
At the same time, all involved stakeholders should have the opportunity 
of observing the progression through the process across all involved pro-
cess actors, maintaining an overall bird’s eye view on what is happening 
throughout the work process.

Motivated by prototyping research, enactment should allow to go 
through the work process in an explorative way, as if it were a role-playing 
game. This implies that more than a single path through the process can 
be enacted at a time. Hence, there is no need to re-enact the process sev-
eral times to fully explore it. Enactment following the role-play approach 
requires that stakeholders can focus on these subjects in the process 
model, whom they also impersonate in real-world work. This strengthens 
the point for subject-oriented structuring of process execution. 
Conceptually separating the behavior of each involved subject (i.e., actor 
in a specific role) and coupling them by acts of communication and/or 
exchange of information or physical goods should allow to further 
strengthen the focus on the individual subjects and support the actors in 
remaining in their roles, impersonating the subjects. This can be enabled 
by a process representation that is similar to S-BPM, but adapted to the 
needs of model elicitation and articulation (Oppl 2016).
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Elaboration of the process should be possible during enactment, when-
ever the need arises, without having to start over the enactment process 
from the beginning. Such a feature avoids losing the context of the cur-
rent walk-through and further does not distract stakeholders following 
their current line of thoughts, when more than one modification should 
be made. Changes to a process might trigger cascaded need for change, in 
particular if communication with other process actors is involved (cf. 
Oppl 2016). Elaboration needs to keep track of unsatisfied dependencies 
(e.g., information expected by a subject to perform its tasks, which is not 
provided by any other subject) or other issues introduced by local model 
changes (e.g., deadlocks or non-terminating loops). Actors need to be 
pointed to such issues and need to have the opportunity to resolve them.

To deploy scaffolding for supporting the enactment and elaboration 
process, the provided scaffolds need to be designed in a way that allows 
for situation-specific support that is adaptable by the stakeholders them-
selves according to their perceived needs. Scaffolds need to be designed 
for different areas: the process of enactment and process exploration 
might require guidance or active intervention, in particular for inexperi-
enced users. Exploration could further be aided by less invasive scaffolds, 
such as means to display a graphical representation of the model and the 
current state of enactment on demand. The elaboration process should be 
provided with scaffolds in a way that does rely on any modeling skills, as 
these cannot necessarily be expected from stakeholders. Issues and incon-
sistencies in the model introduced by local model changes through elabo-
ration can also be pointed out via scaffolds that are dynamically generated 
based on an analysis of the current state of the model. In any case, stake-
holders must have the freedom to ignore scaffolds, dismiss them, and 
ultimately take responsibility to request support when they consider it 
necessary.

5.2.3.2 � Architecture

Based on the concept and requirements described in the previous section, 
we have developed an online platform for conducting virtual enactment 
of process models supported by scaffolding measures. In the following, 
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we give an overview about the platform architecture, before we detail the 
features of the implemented modules.

The virtual enactment platform is implemented in a modular way and 
accessible to users via a web-based interface. Figure 5.5 gives an overview 
of the overall architecture of the platform. UI components are shown at 
the top and bottom of the figure, while functional modules are grouped 
in the center.

The VirtualEnactment Core provides fundamental workflow execution 
capabilities that are used for enacting a process model. As such, it acts as 
the anchor for all other components, which enable elaboration of the cur-
rently executed model and provide support to users in the selected process.

The Visualization Engine renders graphical representations based on 
the current process and can visualize the execution progress of the current 
instance. Graphical representations are based on the S-BPM approach, 
composed of Subject Interaction Diagrams and Subject Behavior 
Diagrams, as introduced in Chap. 3.

Fig. 5.5  Platform architecture
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The Elaboration Engine allows for changing a process model while an 
instance is currently being executed. Retrieving the necessary informa-
tion is based on prompting. Users can indicate that they consider the 
currently proposed activity to be inappropriate, and they are then inter-
actively led through the process of providing the information necessary to 
make the change to the underlying process model.

The Simulated Enactment Engine enables to have the system automati-
cally determine a path to a given target state in the model (across the 
behavior of all subjects) and enact this path in a user-traceable way (using 
UI-scripting, i.e., state transitions are reflected on the user interface).

The Scaffolding Prompting Engine enables to provide scaffolds to users 
in a flexible way. Users can dynamically change their required level of 
support, which is reflected in providing more of less concrete scaffolds. 
Scaffolds are basically based on textual prompts, but can also provide 
interactive support measures (such as automatically progressing to a 
particular state in the model using the simulated enactment engine). The 
scaffolds themselves are generated by Scaffolding Agents, which can focus 
on different aspects of the modeling and elaboration process. Three dif-
ferent agents are currently provided, which are described in more 
detail later.

The XML Storage component provides functionality to upload a new 
process model and download altered process models in a proprietary 
XML format. Users can furthermore select from different sample models 
or start a new process specification from scratch (as the elaboration engine 
provides bootstrapping features that allow defining new subjects, their 
behavior, and their interaction using the same prompting mechanism as 
deployed for elaboration).

5.2.3.3 � VirtualEnactment Core

The VirtualEnactment Core is the component used for executing a pro-
cess during virtual enactment. The execution engine consequently is tai-
lored towards this use case. Virtual enactment does not require distributed 
user interfaces (i.e., only requires one common interface for all partici-
pants, visualizing the current states of all subjects at the same time). 
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Fig. 5.6  Enactment UI (released under a Creative Commons Attribution 4.0 
International License (CC BY 4.0))

Incoming messages are stored in an input pool, from which they are 
removed as soon as the respective receive state is triggered.

Figure 5.6 shows an example of the enactment UI. As can be seen, 
subject Secretary currently is in action state with two potential outcomes 
(cf. Fig. 5.8 for a visualization of the respective subject behavior). Subject 
Employee is on hold in a blocking receive state, and the behavior of sub-
ject Boss has not yet started. The button labeled Perform step triggers the 
shown state to be processed by the workflow engine, the button labeled I 
have a problem here triggers the elaboration engine (see later), while the 
button labeled Show behavior triggers the visualization engine to display 
the respective Subject Behavior Diagram.

Elaboration can lead to overall processes that contain inconsistent sub-
ject behaviors. One subject’s behavior might rely on the availability of a 
message, which is not currently provided by the envisaged sender. Such 
messages are added to the envisaged sender’s pool of expected messages 
and can be triggered via the UI as shown in Fig. 5.7.

In turn, subjects might also provide messages to other subjects, who do 
not react at these messages in their current behavior. Such messages are 
added to the envisaged recipient’s pool of provided messages. The pool of 
expected and provided messages is used as a source of information by the 
elaboration engine. In this way, expected and provided messages can be 
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Fig. 5.7  Expected messages in subject UI (released under a Creative Commons 
Attribution 4.0 International License (CC BY 4.0))

incorporated in a subject’s behavior by adding send and receive states, 
respectively.

Once an instance of the process is finished, it can be restarted to enact 
it another time. The new instance takes into account all changes to the 
process model that might have been made via elaboration during prior 
enactments. In this way, the process model can gradually be explored in 
all its variants and be elaborated, where necessary.

5.2.3.4 � Visualization Engine

To enable users to create a link between the current state of the simula-
tion and the underlying model, visualizations of the model can be dis-
played at any time during exploration. The visualizations are available in 
different levels of complexity and from different perspectives on the pro-
cess (view per actor, overall actor-centric view, overall flow-oriented 
view), and are augmented with information about the current instance, 
such as the currently available activities and the path through the process. 
The visualizations are created dynamically using the GraphViz software 
suite (Ellson et al. 2001).
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Fig. 5.8  Process visualizations (released under a Creative Commons Attribution 
4.0 International License (CC BY 4.0))

Figure 5.8 shows visualizations for an instance that has been simulated 
halfway through a sample process. The four models at the top of the fig-
ure together form the least complex visualization, where the behavior of 
each actor is shown as a separate model. The model at the extreme left 
shows the interaction among the actors. The gray boxes indicate already 
executed activities, whereas green boxes represent currently available 
activities. The lower left model in Fig. 5.8 compiles the separate actor 
models in a single visualization and enriches them with connections rep-
resenting the exchanged messages. The lower right model removes the 
actors as the primary structuring dimension for the overall model and, in 
this way, provides a flow-oriented view on the process. Users can switch 
between the actor-specific behavior models, the interaction overview and 
the two overall views at any point in time and, in this way, can focus on 
different aspects of the model in the course of simulation or reflection.
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5.2.3.5 � Elaboration Engine

The elaboration engine allows modifying a process model while an 
instance of the process is currently being executed. It is anchored in the 
enactment UI and is always triggered in the context of a particular state. 
Whenever users consider a state inappropriate to be executed (for what-
ever reason), the elaboration engine allows to alter a process in the con-
text of that particular state.

Elaboration is guided via interactive prompting. Users are not con-
fronted with business process modeling concepts or nomenclature but 
can describe what they want to change in the currently enacted work 
context. Figure  5.9 shows the sequences of prompts in the interactive 
elaboration process. Boxes indicate user interaction prompts, while verti-
cal brackets indicate changes made to the process model in the background.

An example for an interactive prompt is shown in Fig. 5.10. It shows 
the user interaction for the element labeled specify new step or select exist-
ing one in the topmost branch in Fig. 5.9. Clicking the button labeled Let 
me choose from existing steps would trigger the visualization engine and 
display the behavior diagram for the respective subject in interactive 
mode. Alternatively, a new activity can be specified by entering its name 
in the text field. If the checkbox labeled This step leads to results I can pro-
vide to others is ticked, the optional path towards element specify message 
& recipient is triggered additionally.

Wherever necessary, the prompts dynamically adapt to the current 
state of the process. Figure  5.11 shows an example for this feature. It 
shows the user interaction for specify message & recipient as referred 
to earlier.

In this particular case, the pool of expected messages for the respective 
subject already contained a message named Available Dates. In case the 
users want to incorporate this message in the subject’s behavior, no fur-
ther input is necessary, as the envisaged recipient of the message has 
already been specified in the elaboration process, during which the mes-
sage was defined (via the user interaction element specify input & sender or 
source in the lowermost branch in Fig. 5.9). If users choose to specify a 
new message to be provided to others (as shown in Fig. 5.11), the list of 
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Fig. 5.10  Example for interactive elaboration prompt (released under a Creative 
Commons Attribution 4.0 International License (CC BY 4.0))

Fig. 5.11  Specification of messages during elaboration (released under a Creative 
Commons Attribution 4.0 International License (CC BY 4.0))

potential recipients is dynamically created from the set of subjects cur-
rently contained in the process model. The option Somebody else 
consequently would trigger the option path leading to the addition of a 
new subject. The option I do not know who could be interested creates an 
anonymous subject, which is shown on the enactment UI.  While the 
behavior of anonymous subjects cannot be elaborated, they still can be 
used to trigger sending of expected messages (in case the envisaged sender 
was unknown during elaboration of required input).

The elaboration engine also has process-model bootstrapping capabili-
ties, that is, it can be used to elaborate an initially empty process model. 
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In such cases, the enactment UI offers to add an initial subject. The 
behavior of this subject can then be elaborated by adding an initial state. 
Whenever the behavior of a subject is finished in a particular instance, 
the elaboration engine offers to add an additional state. In this way, pro-
cess descriptions can be built up from scratch, elaborating the behavior of 
the initial subject and its interaction requirements in a first-process 
instance, and then gradually refining the model in follow-up instances.

5.2.3.6 � Simulated Enactment Engine

Playing through instances of complex processes several times might 
become tiresome, especially when the initial parts of the process are 
already agreed upon and elaboration is going on in later parts, which 
need to be manually navigated to in each new instance. The simulated 
enactment engine provides functionality to automate this navigation pro-
cess and start manual enactment only in the still interesting or questioned 
part of a process.

The simulated enactment engine searches for a path to the specified 
target state in the respective subjects’ behavior. It then recursively tra-
verses the messages of all encountered receive states, searching for paths 
to the respective send states in the sending subject’s behavior. In this way, 
a subject-spanning path to the requested target state is compiled, consid-
ering both, the states to be executed and the decisions to be made.

The sequence of steps constituting the path from the current state of 
the running process instance to the requested target state is then used for 
UI-scripting. The steps are executed with short delays in between, mak-
ing it possible for users to follow the simulated enactment process on the 
UI. Simulated enactment stops at the requested end state and hands back 
control to the users for further manual enactment of the currently run-
ning instance.

5.2.3.7 � Scaffolding Prompting Engine

The scaffolding prompting engine provides dynamic and user-adaptable 
scaffolds for different aspects of the exploration and elaboration process. 
The engine offers an extensible architecture, relying on scaffolding agents 
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to provide the actual scaffolds for a given enactment situation. Scaffolding 
agents are dynamically registered with the engine and can draw from any 
source of information (in particular, process and instance data). They can 
choose whether they want to be triggered for providing new scaffolds 
after each execution step or whether a new instance is going to be started. 
Concrete examples of different scaffolding agents are described later.

The basic form of a scaffold is a text-based prompt that is displayed in 
a dedicated area of the UI below the subjects of the current process. 
Figure 5.12 gives an example of the selection of scaffolds displayed in a 
table-like form.

The slider bar on the left border of the area can be used to adapt the 
concreteness of scaffolds to be displayed. Depending on the requested 
level of concreteness, the engine displays either procedural (most con-
crete), strategic, metacognitive, or conceptual scaffolds (least concrete). 
Placing the slider at the bottom turns off the display. A scaffolding agent 
consequently provides groups of scaffolds of different types on a particu-
lar issue. For instance, such a group can contain a procedural scaffold and 
a metacognitive scaffold, omitting strategic and conceptual scaffolds. The 
engine then displays the most concrete scaffold for the level requested by 
the users. If users requested strategic scaffolds, the metacognitive scaffold 
would be displayed.

A further level of user control with respect to displayed scaffolds is the 
ability to dismiss scaffolds. The engine keeps track of dismissed scaffolds 
and does not display them as well as less concrete scaffolds of the same 
group anymore, although they still might be provided by the scaffolding 
agents. This avoids annoying users with scaffolds that they deem unhelp-
ful or unnecessary.

Fig. 5.12  Scaffolding prompts (released under a Creative Commons Attribution 
4.0 International License (CC BY 4.0))
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The text-based prompts displayed in the table can be detailed in arbi-
trary ways. The current implementation—besides the basic single-line 
prompt-only scaffold—offers a type of scaffolds that can display further 
information in a pop-up window upon request, and a type of scaffolds 
that can trigger the simulated enactment engine to take users to that part 
of the process which the scaffold suggests exploring further (cf. Fig. 5.13).

The scaffolding prompting engine is triggered by the process execution 
engine after each change in the process instance or the underlying process 
model. The engine informs its registered agents according to their 
requested update-frequency (per instance or per executed step) and pro-
vides them with information about both, the currently used process 
model and the current instance.

The elaboration process agent is a simple agent implementation, which 
does not provide any dynamically created scaffolds at all. It aims at sup-
porting novice users to handle the platform. Consequently, it provides 
scaffolds, introducing the features of the platform as being distributed in 
the first few executed instances. While initially users are only asked to 
explore the process using the execution UI, the agent gradually offers 
scaffolds introducing the visualization UI and the elaboration UI. In this 
way, users are introduced to the platform features step by step.

Fig. 5.13  Example for exploration scaffold (released under a Creative Commons 
Attribution 4.0 International License (CC BY 4.0))
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The exploration agent keeps track about the already executed states con-
tained in the process model across all executed instances. In this way, it can 
provide scaffolds on whether a subject behavior still has unexplored parts, 
which could be visited by the users in the current instance. The agent always 
only provides one scaffold per subject, only pointing at one per instance, 
not indicating all unexplored model parts of a subject behavior at once.

Figure 5.13 shows a strategic scaffold pointing at an unexplored part of 
the behavior of subject Secretary (behavior shown in Fig. 5.8). The button 
labeled Take me there triggers the simulated enactment engine, which 
automatically progresses the current instance to the suggested state, inde-
pendently of the current state of the instance (assuming the suggested 
state still can be reached, otherwise a prompt to try again with the next 
instance is displayed).

The unhandled communication agent offers an example which tries to 
support the actual elaboration process. It keeps track of the pools of 
expected and provided messages for each subject and provides scaffolds 
that point users at, or directs them towards, resolving such modeling issues.

Figure 5.14 shows a metacognitive scaffold for the fact that the subject 
Secretary has expected messages, which is currently not provided by its 

Fig. 5.14  Example for unhandled communication scaffold (released under a 
Creative Commons Attribution 4.0 International License (CC BY 4.0))
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behavior specification. The respective strategic or procedural scaffolds 
would contain more concrete directions on how to potentially resolve 
this issue.

As the availability of provided and expected messages might change at 
any time due to user elaboration activities, this agent registers not to be 
updated per completed instance, but per each completed execution or 
elaboration step.

5.2.4	� Conclusive Summary

The goal of exploring a business process is to understand the depicted 
information fully and to compare this information to the actual perceived 
context of the work process, that is, whether the portrayed information 
matches informal specification as established during the information 
elicitation phase. Usually, there is a rather strict distinction between the 
tasks of a system analyst and domain experts in a modeling process 
(Frederiks and van der Weide 2006), which leads to model alterations not 
being part of the validation process itself, but rather between validation 
iterations, as a task that system analysts take over. However, as validation 
through virtual enactment aims at reducing the need for facilitators and 
system analysts during the validation phase, this step is considered part of 
validation. Finally, consolidation activities are required in case different 
domain experts or stakeholders have opposing views on the depicted 
information or possess different points of views about the reality the 
model is an abstraction of.

Reflecting these validation steps against the presented instrument’s 
capabilities and functionalities, the following observations can be made: 
there are multiple possibilities to explore a business process, utilizing the 
platform. First, the main intended usage of exploring the process is by 
enacting it akin to a role-playing game. As business processes in most 
cases are not comprised of only a single, linear path but exhibit multiple 
decision points resulting in forking paths which eventually are joined 
together again, it is usually not possible to explore the complete business 
process during one instantiation. In addition to process enactment, it is 
also possible to visualize the process in various ways, such as depicting a 
Subject Behavior Diagram for each actor, a Subject Interaction Diagram, 
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or the whole process as a control flow diagram. The main target audience 
of the virtual enactment instrument include domain experts and stake-
holders who are participating in the represented work process and are 
assumed not to be experienced in modeling notations or visualization 
methodologies. Accordingly, visualization methodologies should be seen 
as an enhancement of process enactment and, with regards to the target 
audience, not as the main means of process exploration.

Although making changes to the business process model is not an 
explicit part of the validation from the domain experts’ point of view, due 
to factors already mentioned, it is an integral part of the business process 
validation in conjunction with the instrument. Changes to the underly-
ing model can only be made while the process is currently enacted. 
Although constraining the freedom to change the model, it enables users 
to alter the model directly where the need for changes arises, thereby 
reducing the cognitive load (Forster et al. 2013) of having to remember 
those activities that are not reflecting reality in the desired way. 
Additionally, the instrument does not require its users to possess prior 
knowledge of modeling concepts, modeling notations, or to completely 
understand the visualizations of the model. Model alterations are con-
ducted by following a series of elaboration prompts, using natural lan-
guage, ultimately leading to the anticipated changes to the model.

The instrument does not explicitly implement means to support con-
solidation activities. However, this does not necessarily mean that it is 
unable to support the validation of business processes for that reason, 
since the platform is currently implemented in a way that requires pro-
cess participants, that is, actors, to be in the same room, or rather in front 
of the same screen. Therefore, it can be argued that different point of 
views or varying perspectives which require consolidation activities can 
be resolved via means of face-to-face discussions.

5.3	� S-BPM-Driven Execution of Actor-Centric 
Work Processes

Subject-oriented Business Process Management (S-BPM) (Fleischmann 
et al. 2012) explicitly considers the role of actors during process design 
and execution. The primary elements of structuring are subjects that sep-
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arate a process along who performs work in the process. How to deal with 
knowledge, however, is not explicitly taken into account in this approach.

Knowledge-intensive business environments (Dalmaris et  al. 2007) 
claim for support measures that allow for actor-aware and agile process 
management (Bruno et  al. 2011). Agility allows for overcoming 
contingencies during work on an ad-hoc basis (Minor et al. 2008), and 
actor awareness enables individualized workflow execution (Prilla and 
Nolte 2012). Individualized workflow execution does not restrict actors 
in how they perform their work while still maintaining reliable interfaces 
to others and pursuing the overall work goals. It furthermore enables 
situation-specific IT support that is tailored to both, the current work 
aim and the person executing the work (Monsalve et al. 2010).

The operative aspects of S-BPM are basically specified by a set of actors 
carrying out different activities in a set of activity bundles. In contrast to 
other BPM approaches (for a comprehensive overview cf. Weske 2010), 
the BPM activity bundles are not specified to be carried out in any par-
ticular order (whereas most other approaches follow a cyclic approach 
that is implemented by iteratively stepping though the different phases of 
business process management).

S-BPM specifies a set of four roles that are relevant when implementing 
the activity bundles (Fleischmann et al. 2012). They can be linked to the 
concepts developed by Firestone and McElroy (2003) in the Knowledge 
Lifecycle (KLC) Framework as described in Chap. 1, thus intertwining 
work modeling activities with knowledge management processes:

•	 Actors are people that are actively involved in the work process. In 
S-BPM, they are the source of process knowledge and the ones who 
put this knowledge to practice again. In relation to the KLC, actors are 
the primary entities in the business processing environment and thus 
are the main triggers of learning processes.

•	 Governors are responsible for development, implementation, and 
monitoring of processes from an organizational perspective. They 
define the general condition under which a process is implemented 
and can be altered. While their role is limited in the immediate activi-
ties of the KLC, they determine the fundamentals under which pro-
cesses can be improved in an actor-centric way.
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•	 Experts are providers of knowledge that none of the involved actors 
have in a specific situation. They support activities in all activity bun-
dles of S-BPM with their expertise. Their role in the KLC is also spread 
across support during business processing and knowledge processing.

•	 Facilitators aid organizational development and provide support dur-
ing activities, leading to process change. They are not directly involved 
in operative work activities. In the context of the KLC, their role is 
mainly important in the knowledge processing environment.

All four roles work together to implement process improvement and 
adaptation to the current organizational situation. The activities leading 
to this change are structured into seven activity bundles (cf. Fig. 5.15). As 
mentioned earlier, these bundles can be executed in arbitrary sequence 
depending on the current situation in which process change is triggered. 
Not only sequence but also the actual activities carried out during these 
bundles are not fully pre-specified and again depend on the situation in 
which an activity bundle is triggered (Fleischmann et al. 2012). We can 
implement an instance of the S-BPM activity bundle that is specifically 

Fig. 5.15  The S-BPM activity bundle (adapted from Fleischmann et al. 2012)
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tailored to support the KLC in both, possible sequences and method-
ological support for activity bundle implementation.

•	 Analysis covers activities concerned with examining a process and the 
conditions under which it is executed. It collects and structures infor-
mation about a process and thus provides input of a number of other 
bundles that are concerned with process change. This bundle might be 
triggered externally to set up a new process, but also from monitoring 
during process execution, especially when a mismatch between 
expected and actual outcome occurs.

•	 Modeling refers to all activities that deal with conceptualizing a process 
by abstracting it from its real-world execution environment and 
describing it as a generic phenomenon that can be reproduced given 
certain conditions. Process models cover different aspects of work 
(depending on the chosen modeling approach) and conceptualize them 
in form of a graph. In general, at least information about the activities 
to be carried out (what?), their sequence (when?), the actors carrying 
out the activities (who?), and which resources are required (with what?) 
is represented. Specifically, the who-dimension is used in S-BPM as the 
primary dimension for structuring the models, which makes it espe-
cially suitable for representing processes from an actor’s perspective. 
Actors can focus on their own activities and their interaction with oth-
ers without the need to have an overall view on the whole process.

•	 Validation is the activity bundle concerned with testing the effective-
ness of a process, that is, if its implementation leads to the desired 
outcomes. Validation is not necessarily carried out in the real work 
situation but can also be performed in artificial, simulated work situa-
tions that allow for testing different relevant aspects of the process 
(depending on which parameters are considered in setting up the arti-
ficial situation).

•	 Optimization refers to the activities that improve the efficiency of pro-
cesses. Originally described to focus on an economic approach to effi-
ciency, optimization in this context refers to activities that improve the 
implementation of an already existing process without questioning it. 
This activity bundle is mainly triggered if parameters of the organiza-
tional situation in which the process is carried out in change and the 
expected outcome cannot be reached anymore.
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•	 Organization-specific implementation deals with all activities that are 
necessary to implement a new or changed process within the organiza-
tion, that is, rolling out information about the changes or changing 
organizational structures and responsibilities, when necessary.

•	 IT-specific implementation covers activities that are concerned with 
implementing a new or changed process in an IT-supported environ-
ment, for example, using a workflow management engine or group-
ware systems.

•	 Execution and monitoring finally cover all activities that are carried out 
during a process conducted by actors in a specific organizational situ-
ation. Monitoring is especially relevant for identifying deviations from 
expected process outcomes and triggering activity bundles to compen-
sate these deviations.

The activity bundles of S-BPM can be linked to the KLC at several 
points. Integrating S-BPM with the KLC leads to an instance of the KLC 
that is methodologically augmented to handle business process knowl-
edge. The activity bundles of S-BPM will be put into relationship with 
the building blocks of the KLC in Fig. 5.16, which provides an overview 
of the integrated framework.

Fig. 5.16  Integration of the KLC with S-BPM activity bundles
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5.3.1	� S-BPM Activity Bundles in the Business 
Processing Environment

Execution and Monitoring can be located at the core of the business pro-
cessing environment in the KLC. It covers actual work being performed 
by actors (termed “behavior of interacting agents” in the KLC) and the 
identification of deviations between expected and actual outcome of 
work (which refers to the “monitoring”-part of this activity bundle). It is 
important to note that “behavior of interacting agents” does not necessar-
ily refer to the execution of a complete work process (i.e., working until 
the aim of the work should basically have been reached). The identifica-
tion of mismatches is an ongoing, parallel activity that can trigger com-
pensation activities, whenever contingencies or unclear situations arise.

The activities during execution are selected and motivated by the con-
tents of the distributed organizational knowledge base (DOKB), which 
can be codified in IT-support systems and thus be propagated to the busi-
ness process environment (as, for example, is the case if workflow man-
agement systems are used). In this case, the behavior of the actors is 
directed and coordinated by IT system. In a less IT-supported system, 
information about how to perform work under particular circumstances 
may be codified in documents and be provided to the actors for reference. 
Finally, the DOKB also covers personal experience and expertise of all 
members of the organization, which also can drive how work is carried 
out. In real-world settings, a combination of any of these information 
types will be encountered. The proposed approach especially focuses on 
settings, where personal experience and expertise plays an important role 
(i.e., in knowledge-intense processes or expert-organizations, respectively) 
in an interplay with one of the first two DOKB-sourced drivers of work.

Monitoring covers the identification of matches and mismatches 
between expected and actual outcomes. In S-BPM, monitoring is origi-
nally limited to technical measures to collect performance indicators 
(e.g., from a workflow engine) and mathematically derive deviations of 
performance figures from predefined reference values. In combination 
with the KLC, this understanding of monitoring has to be extended. 
People involved in the work process can identify mismatches of outcome, 

  S. Oppl and C. Stary



221

contingencies, or unclear situations based on their knowledge and thus 
are also triggers for compensation activities. In terms of S-BPM roles, not 
only actors can trigger this behavior from directly within the work process 
but also governors might be able to identify problems or mismatches from 
their ongoing monitoring activities.

Independently of how the problematic situation or outcome deviation 
has been identified, the choice of whether to compensate directly (enter-
ing the single-loop learning cycle) or trigger a more fundamental exami-
nation (may lead to double-loop learning) is a decision to be made by 
humans (made by actors themselves or governors). In the case of actors 
identifying a problem and compensating it directly within the work pro-
cess, the whole sequence of problem identification, deciding what to do, 
and performing the compensation activities is not necessarily a conscious 
process. Still, altering one’s behavior due to perceptions of the environ-
ment that deviate from what was expected alters how an individual will 
react in future situations and thus is considered learning (cf. Chap. 1 for 
a more elaborate argumentation on this claim). If the problem is con-
sciously recognized, actors or governors might still decide not to question 
the way in which work is performed fundamentally, but to immediately 
compensate the problems that have occurred (actually, this will be the far 
more common case).

If immediate compensation is chosen, that is the single-loop learning 
cycle of the KLC is followed, the business processing environment is not 
left. The KLC here does not give any clues on which activities are hap-
pening in this case. When integrating the KLC with the S-BPM activity 
bundles, there are several candidates for activities that can be performed 
in this case. They should, however, be considered optional, as their appli-
cation depends on the situation the problem was triggered in and the 
organizational context in which the work was performed (e.g., it makes a 
difference whether the problem occurred in work process which has been 
codified in a workflow engine or solely was driven by personal expertise 
without any external guidance).

Modeling the alternative steps that were taken to compensate the 
problem can be a first step to persist in learning about the specific situa-
tion and potentially make it available to other people in the organiza-
tions. Modeling here does not necessarily refer to building a formally 
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correct and complete business process model but to any form of concep-
tual externalization of which activities were set in reaction to the particu-
lar situation that occurred.

Optimization is the core step of the single-loop learning sequence and 
covers the activities that adjust aspects of the work process to fit the given 
situation. This goes beyond the original S-BPM-understanding of this 
activity bundle that mainly covers measures to increase process efficiency. 
If a codified model of the work process exists, either being already avail-
able in the DOKB or being created on the fly during an instance of the 
modeling activity bundle, optimization can be considered tinkering the 
process parameters, such as which and how many people are involved in 
a certain role in the work process or altering execution and communica-
tion patterns to compensate the problems that have occurred. Again, 
optimization might also be an “invisible” activity, being performed by 
actors unconsciously.

Finally, if IT-support has been involved in the work process, the altered 
way of performing work might require adaptation in the IT-systems, 
which is covered by the S-BPM activity bundle “IT-specific implementa-
tion.” This covers changes to workflow definitions (e.g., introducing 
alternative activities and changing sequences) but also configurations of 
groupware systems, such as granting additional actors access to commu-
nication facilities in which the respective work process is coordinated.

Whatever compensation activities have been taken and whether they 
lead to externalized, codified results or solely new behavioral patterns of 
the involved actors, the changes become part of the DOKB and influence 
future executions of the work process in similar situations.

5.3.2	� S-BPM Activity Bundles in the Knowledge 
Processing Environment

The double-loop learning cycle that involves activities in the knowledge 
processing environment is triggered either by a problem that cannot be 
resolved immediately by compensation activities in the business process-
ing environment, or deliberately by actors or governors to revise a work 
process, that regularly causes problems that can be compensated but 
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cause overhead and hamper effective and/or efficient execution of work. 
Triggering the knowledge processing environment in the latter case 
should be considered an asynchronous activity that does not prevent fur-
ther instances of the particular work process to be executed in the busi-
ness processing environment until the double-loop learning cycle is 
completed.

The block “problem detection” in the KLC refers to identifying prob-
lems in the DOKB that lead to the mismatch in outcomes or cause the 
problems that have been observed. Using the S-BPM activity bundles as 
a frame of reference, this block already belongs to “Analysis” and leads the 
way towards leaving the business processing environment and entering 
the knowledge processing environment. In the course of the analysis 
activities, the problem in the DOKB is not only identified but being 
codified in a “problem claim.” A problem claim describes which element 
in the DOKB is likely to cause the problem, how the problem manifests 
in the actual execution of work, and under which situation (i.e., condi-
tions in the work environment) it occurs. An element in the DOKB can 
be anything that bears or codifies knowledge, that is, a set of actors, docu-
ments, and workflow definitions.

Based upon the problem claim, the people to be initially involved in 
the resolution of the problem (referred to as “knowledge production” in 
the KLC) are identified. This activity and all remaining activities in the 
knowledge processing environment are driven by a person taking the 
S-BPM role of a facilitator. This person might have been involved in the 
original work process as an actor or a governor but can also be a dedicated 
organizational role or be recruited from outside the organization. 
Identifying the initially involved actors of the knowledge production pro-
cess also brings in the people referred to as experts in S-BPM, that is, 
people that have not necessarily been involved in the work process that 
has triggered the double-loop learning process, but who have expertise 
that is expected to be relevant for the resolution of the problem.

Activities in the knowledge production process of the KLC are highly 
iterative and also involve several S-BPM activity bundles. The main goal 
of these activities is to produce a codified knowledge claim. A knowledge 
claim, in contrast to the problem claim, describes how the occurrence of 
the problem can be avoided and eventually has to be integrated in the 
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DOKB to guide future behavior in similar situations occurring in the 
business processing environment. The knowledge claim has to be codi-
fied to allow for evaluation and distribution across the organization.

The evolution of a knowledge claim is an iterative process involving 
the KLC activities “information acquisition”, “knowledge claim formula-
tion”, “individual and group learning”, and eventually “knowledge claim 
evaluation”. In terms of S-BPM activity bundles, this potentially involves 
all bundles except IT-specific implementation. In the following, the first 
three KLC activities concerned with the formulation of the knowledge 
claim will be put into relationship to S-BPM. In a second step, knowl-
edge claim evaluation will be brought together with the S-BPM activities.

The codified knowledge claim is produced in an interplay of explicitly 
formulating the knowledge claim, developing new ideas as an individual, 
and transferring knowledge within the group of involved people as well 
as performing further research to gain more information necessary to 
develop the knowledge claim.

Knowledge claim formulation is linked with the S-BPM activity bun-
dle of modeling. As mentioned, modeling does not necessarily refer to 
producing business process models that strictly adhere to the syntax and 
semantics or to a specific language but should describe how work and 
interaction are performed in a given situation. Having said that, it might 
still be necessary to produce formally correct models to allow for simula-
tion, validation, and IT-specific implementation of the model—but that 
is not a requirement in the early stages of knowledge production. 
Modeling should be considered a group activity here, as the codified 
knowledge claim evolves through a cooperative process involving all 
actors of the knowledge production process (Nolte and Prilla 2012). 
Individual contributions still can be externalized separately and eventu-
ally be brought together in a group process.

Information acquisition instantiates a second iteration through the 
S-BPM analysis activity bundle. After the formulation of the problem 
claim or in the course of knowledge claim formulation, the need for fur-
ther information might become evident. Acquisition activities can 
include identification of knowledge that led to successful work in similar 
situations, the involvement of further experts, or research activities in 

  S. Oppl and C. Stary



225

resources stemming from outside the organization (such as scientific or 
professional literature and case studies).

Individual and group learning finally involve activities to reflect and 
revise one’s own and the whole group’s assumptions of how the problem 
can be prevented to not occur again. This block is not fully covered by 
any of the S-BPM activity bundles, as they omit the learning perspective 
on business process management. The activity bundle termed 
“organization-specific implementation,” however, might be triggered in 
the course of individual and group learning, as the learning processes 
inherently change how the group of people involved in the knowledge 
production environment interact. This directly affects future activities in 
the business processing environment, as, following the S-BPM paradigm, 
the actors executing work processes are also part of the group performing 
knowledge processing activities. As long as the actors of the work pro-
cesses currently being processed are involved, individual and group learn-
ing thus will directly contribute to organization-specific implementation 
of the work process.

A codified knowledge claim that appears to be appropriate to at least 
some of the involved people participating in the knowledge production 
process is evaluated in the next step. Knowledge claim evaluation covers 
all activities that can be performed to justify that the new knowledge 
claim will appropriately solve or avoid the problematic situation in the 
business processing environment. This is where S-BPM can contribute 
most to the activities in the knowledge processing environment—both 
the activity bundle “Validation” and “Optimization” can contribute to 
this step in the KLC. Validation refers to activities that check the effec-
tiveness of a process before it is put to practice. Optimization, though not 
being relevant here as a whole, includes activities to evaluate efficiency of 
a process and thus asses the quality of a knowledge claim before putting 
it to practice. Activities include acting out the process and interacting 
with the other roles in the process as if it were executed in a real-world 
setting or simulating process execution by using statistical models. In 
both cases, ineffective, inefficient, or simply malfunctioning parts of 
knowledge claims can be identified. Simulation and IT-supported valida-
tion are two of the cases that were referred to earlier to require models 
adhering to formal syntactical and semantic rules. Modeling activities 
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thus have to include means to guide the involved people to appropriately 
represent their models.

If evaluation activities identify shortcomings in or inappropriateness 
of the knowledge claim, this again triggers learning activities which, in 
turn, lead to revised knowledge claims. If evaluation is finished success-
fully or further iterations are not considered reasonable, knowledge pro-
duction ends. The resulting knowledge claim is considered a “surviving 
knowledge claim” if evaluation was successful. If the evaluation still 
showed that the problem is not been resolved or evaluation did not lead 
to unambiguous results and further iterations were not made, the knowl-
edge claim is considered “falsified” or “undecided”, respectively. Still, 
both of the latter cases are valid outcomes of the knowledge production 
process as they at least augment the DOKB in terms of solutions that are 
likely to not work (and thus do not need to be tried in real-world occur-
rences of the problem).

Together with information about how the knowledge claim has been 
produced (e.g., who was involved, which information was built upon, 
how many and which revisions have been made), the knowledge claim 
needs to be integrated in the DOKB. Again, this step is more detailed in 
the KLC than it is in the S-BPM activity bundles. Cross-leveling a knowl-
edge claim can be performed by activities like sharing, teaching, search-
ing, and broadcasting (as described in the KLC). All these activities alter 
how the organization will in future react to the occurrence of the prob-
lem that the knowledge claim is intended to solve. They are thus part of 
what S-BPM refers to as organization-specific implementation. 
Knowledge claims might also involve adaptations of an organization’s 
IT-infrastructure (e.g., workflow descriptions, as mentioned earlier). 
While not an explicit part of the KLC knowledge integration activities, 
such IT-specific implementations (as referred to in S-BPM) are also part 
of the activities that lead to integration of the knowledge claim 
in the DOKB.

The (re-)integration of a knowledge claim in the DOKB ends the 
double-loop learning process and closes the knowledge lifecycle. S-BPM 
activity bundles can be found in all steps of the KLC and augment vari-
ous aspects of it with a more concrete approach on how to implement the 
steps. In turn, several steps of the KLC, especially those directly concerned 
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with learning and knowledge transfer, offer a more detailed concept of 
how to implement those activities than S-BPM does. S-BPM and KLC 
thus augment each other on a conceptual level and offer a starting point 
to populate their building blocks with instruments that aid their imple-
mentation. Both, the KLC steps and the S-BPM activity bundles, how-
ever, do not leave the organizational level when describing process 
development and knowledge development and knowledge application. 
To implement the actor-centric approach outlined by S-BPM, a concep-
tual bridge between the super-individual phenomena described here and 
actually applicable instruments on an individual or group level needs to 
be constructed. Articulation Work and Mental Model Theory are candi-
dates to provide the foundations for this bridge and will be reviewed in 
the following section before an attempt is made to put them into the 
context of the KLC.

5.3.3	� Tool Support

The execution of subject-oriented representation schemes can be sup-
ported by an appropriate workflow system (Krenn and Stary 2016). In 
the following example, we show how the workflow system is used to 
execute an application for vacation using a generic communica-
tion scheme.

Figure 5.17 shows a generic subject-oriented specification scheme with 
three involved parties. It fits to the holiday application process, as the 
three subjects are employee (Subject 1), HR department (Subject 2), and 
manager (Subject 3). Each of the parties exchange messages with 
another party.

Each subject starting message exchange is marked with a small white 
triangle (Subject 1).

Each subject can send messages with the name Message to any other 
subject any time. Figure 5.18 shows the behavior of the subject with the 
name Subject 1. Since Subject 1 is the subject who starts a process, its 
start state is the state select. The start state is marked with a thick frame. 
The state “start” and the transitions to the state select will be never exe-
cuted in the start subject. This state is the start state in all the other 
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Fig. 5.17  Subject-oriented representation schema for three-party process

subjects. All the other subjects are waiting for a message from all the 
other subjects.

In this way all subjects that are not start subjects have to receive at least 
one message before they can start to send messages. The start subject 
sends a message to any other subject. The receiving subject can now reach 
the state select. In that state, any subject can decide upon its next action 
without restriction. A subject which is in state select can send a message 
to other subjects which are still in the state start. Now these subjects can 
also reach the select state and can send messages. Finally, all subjects are 
in the state select and can communicate when addressed.

In the “select” state, the start subject decides whether it wants to send 
or to receive a message. In order to start a workflow, it does not make 
sense to receive a message because the other subjects are waiting for mes-
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Fig. 5.18  Generic behavior of the start subject “Subject 1”

sages. All the other subjects are in the state start which is a receive state 
(cf. Fig. 5.19). This means the start subject will start with sending mes-
sages. Now the message exchange can begin. In the select state, a subject 
decides to use the send transition. In the state “prepare message and select 
address,” the subject fills out the business object that is transmitted by the 
message “message.” After that, a subject decides to which subject the mes-
sage with the business object as content will be sent.

In the select state, a subject can also decide whether it wants to receive 
a message. If a message from the expected subject is available, the message 
can be accepted, and a follow-up action can be executed. It is not speci-
fied what the follow-up action is. This is like receiving an e-mail. The 
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Fig. 5.19  Generic behavior of “Subject 2”

receiver can interpret the content of an e-mail and knows what the cor-
responding follow-up action is. The abort transitions back to the select 
state enable to step back in case a subject has made the wrong choice.

With the message “Message,” a corresponding business object is sent. 
The structure of this business object corresponds to the structure of a 
mail with some extensions like keyword and signature. Figure 5.20 shows 
the specification of the business object message in an XSD notation.

Whenever a message “Message” is sent, such a business object is sent. 
The values for the components of the business message object correspond 
to the content of a traditional mail.
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Fig. 5.20  Generic structure of the business object “Mail”

Fig. 5.21  Instantiating a process scheme

For the specification of an actual workflow, the various subjects of a 
process must be assigned to existing roles and persons or agents. The 
example shown in Fig.  5.21 demonstrates such an assignment to the 
three-party process scheme.

The workflow support system is configured in a way, that the actors 
Max, Helge, and Josi can be assigned to subject “employee.” Since these 
actors are assigned to the start subject, all of them can start the process. 
For instance, Max creates a process instance and is then guided through 
the process. He is asked by the workflow system about the transition he 
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wants to follow. He knows that he has to fill out the business message 
form with the corresponding data and that form has to be sent to Chris. 
Chris who is assigned to the subject “manager” can accept that message 
and can send a message Accepted or Denied back to subject employee—
the message is received by Max because he is assigned to subject employee. 
Max receives the message because in his environment or context, the 
process is started. If another person assigned to subject employee starts a 
process, this process instance is executed in his or her environment. 
Elisabeth from HR (Human Resource department) receives already 
accepted holiday requests and processes them accordingly.

In the course of process execution, support for disseminating knowl-
edge that is represented in the distributed organizational knowledge base 
(DOKB) as conceptualized in the KLC is also required for effective 
knowledge use. As described earlier, the DOKB does not solely contain 
technically represented, automatically executable knowledge claims. It 
rather conceptually includes all knowledge of the members of an organi-
zation, their experiences and expertise, as well as all individual and orga-
nizational procedures and facts that have been codified in IT-systems, 
workflow specification, or other organizational descriptions.

In the context of the KLC, dissemination of content of the DOKB is 
necessary in four different cases, namely

•	 during operative work activities in the business processing environment
•	 in the course of identifying and formulating a problem claim to trigger 

activities in the knowledge processing environment
•	 during knowledge production
•	 during knowledge integration

During operative work activities, the actors need to be able to access 
the DOKB in order to decide on how to react on the currently perceived 
situation in the work environment. In terms of accessing the explicitly 
codified part of the DOKB, this can be realized by providing in situ scaf-
folding, that is, providing suggestions on how to continue to actors based 
either on their own previous task implementations or on other’s task 
implementations (“what can I do now/next?”). Alternatively, actors also 
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need to be able to assess whom to approach, if they cannot decide on how 
to proceed (“whom can I ask?”).

In the course of formulating a problem claim, access to documentation 
of previously executed processes of the same process class is necessary. 
This allows identifying potential sources of the problematic situation and 
reflecting upon the different variants on work execution that might pro-
vide deeper insights in how the addressed problematic situation has 
developed.

Activities in knowledge production again require access to historic 
process execution information and transactive knowledge of which infor-
mation has been codified, under which circumstances, and by whom. 
Sharing of instance knowledge between the involved actors is required to 
facilitate alignment of meaning as well as for development and evaluation 
of the knowledge claim.

Knowledge integration aims at disseminating a new knowledge claim 
to the organization, eventually making it part of the DOKB. For all activ-
ities carried out in this step of the KLC, it is necessary to put the new 
knowledge claim into the context of the current state of knowledge of the 
targeted actors. Knowledge dissemination thus not only has to be tailored 
to the specific situation during a work process but also has to allow actors 
to put the new knowledge claim in the context of their own mental model 
during dedicated learning activities in knowledge integration.

Summarizing, support for knowledge dissemination should support 
the following scenarios for dissemination knowledge about work 
processes:

•	 In situ scaffolding during operative work processes (what can I 
do now/next)

–– based on previous own task implementations
–– based on others’ task implementations

•	 Learning from other actors who previously took the same role in a task 
bundle or are experts in the area during operative work processes or in 
knowledge integration (whom can I ask)
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•	 Reflection on previous own and others’ task implementations as a part 
of problem claim identification and knowledge production (what 
have we done)

–– individually
–– as a group

•	 Aligning with other actors who take other roles in a task bundle during 
knowledge integration (how can we work)

These requirements can be methodologically and technically 
approached using instruments for self-directed learning. Based on the 
learning support platform (Auinger and Stary 2005), concepts have been 
developed to extend learning support to organizational learning settings 
(Neubauer et al. 2011, 2013). We will re-address these concepts in the 
digital work design framework developed in Chap. 6.

5.4	� Synthesis

Table 5.1 gives a structured overview of the presented techniques of this 
chapter. It structures each approach according to its

•	 focus revealing its objective
•	 essential support features
•	 means of representation, in order to validate and process documented 

work knowledge
•	 procedure to follow for putting process knowledge to work practice

Validation and enactment of work models can be facilitated by scaf-
folds and subject-oriented processing. Role-specific behavior representa-
tions on various levels of detail play a crucial role in stakeholder-driven 
reflection of the (future) organization of work tasks. Scaffolds open up 
for additional articulation while execution enables interactive experience 
of models in terms of actual process support of individual work practices 
in the selected business process (Table 5.2).
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Table 5.1  Processing work models for validation and enactment

Virtual enactment 
through scaffolding

S-BPM-based validation and 
execution

Focus Sharing simulated 
process-model walk-
throughs in a role-
conform way

Building interactive process 
experience enabling role-
specific semantic behavior 
checks for a specific work 
process

Essential support 
feature

Adjusted scaffolds 
guiding validation

Software engine supporting the 
execution of interacting 
behavior encapsulations in a 
role-specific way with a dual 
view on models and user 
interactions

Means of 
representation

Workflow 
DiagramInteraction 
Relations

Subject Interaction Diagram 
(SID)Subject Behavior Diagram 
(SBD)

Validation and 
implementation 
procedure

 � 1. � Scaffold 
preparation

  2. � Participatory 
simulation 
preparation

  3. � Detailing 
specifications

  4.  Collective reflection

 � 1. � Provision of Subject 
Interaction Diagram

  2. � Provision of Subject 
Behavior Diagrams 
corresponding to 1

  3. � Preparation of execution 
environment

  4. � Execution of behavior 
diagrams

  5. � Reflection of interactive 
process experience(s)

From a procedural perspective, scaffolding for virtual enactment com-
prises several phases:

	1.	 It involves preparation of the setting, actors, and instruments, com-
prising (i) determining the type of scaffolds and scaffolds that guide 
the implementation activities, (ii) instrument support including digi-
tal media support as execution environment, (iii) actors willing to take 
responsibility for validating role-specific behavior and rethinking, (iv) 
a facilitator to guide the validation procedure and use of enactment 
environment.

  Acting on Work Designs: Providing Support for Validation… 



236

Table 5.2  Elicitation requirements and scaffolding-based validation and virtual 
enactment

Elicitation 
requirement Scaffolded virtual enactment

Awareness on 
role(s) and their 
management

Walk-throughs in the course of validation and alignment 
are performed along role-specific behavior 
representations including their interactions with other 
roles. Depending on the type of scaffold, further 
articulation of work knowledge could be required and it 
needs to be aligned among role carriers. As such, the 
approach can be considered as active role management—
determining the various role behaviors develop over time 
and can be re-arranged on the fly using the 
corresponding digital tools.

Situation 
awareness

Validation is framed by situation information as defined at 
the core of role behaviors. The participatory and 
multifaceted scaffolding approach helps creating 
situation awareness in the participating group of 
stakeholders.

Conceptual 
understanding 
of complex 
systems

Complexity of systems can be addressed by the variety of 
scaffolding approaches that can be applied for the 
role-specific walk-throughs. Rather than prescribing linear 
(for the roles) and networked (by interaction between 
roles) validation and enactment, work knowledge can be 
represented according to the capacities of the 
participating stakeholders. Complex system specification 
can develop step by step. A further facilitator is the 
switching between views, referring to actors or the flow 
of work in the course of virtual enactment.

Creating a 
reflective 
practice for 
situations-to-be

Future actor behavior can be compared with originally 
articulated and previously aligned representations via the 
models that are created through scaffolding and virtual 
enactment support. Again, the participating stakeholders 
can switch between views, either referring to actors or 
the flow of work.

Focusing while 
utilizing multiple 
perspectives

On the one hand, the different types of scaffolds enable 
various perspectives on work processes with respect to 
the completeness or prescriptiveness of specifications. On 
the other hand, the virtual enactment support allows 
taking various views on processes, namely, view per actor, 
overall actor-centric view, and overall flow-oriented 
view, and is augmented with information about the 
current instance, such as the currently available activities 
and the path through the process.

(continued)
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Table 5.2  (continued)

Elicitation 
requirement Scaffolded virtual enactment

Articulating 
intangible assets

Based on the view per actor, overall actor-centric view, and 
overall flow-oriented view, and the information about 
the current instance, visualizations are created 
dynamically. Hence, becoming aware of intangible assets 
relevant for the work process at hand could easily be 
embodied in terms of encoded process elements.

Engage in 
alignment for 
collective 
intelligence

Although the focus is on role-specific behavior, the overall 
flow-perspective allows all stakeholders to engage in 
experiencing models by walk-throughs and share the 
documented knowledge, guided by the prompting 
mechanism when probing novel organizational behavior.

	2.	 Situation-sensitive articulation is supported through the scaffolds and 
the enacting environment when aiming to implement specifications 
of work processes.

	3.	 Facilitation is required (i) to set the stage involving stakeholders as role 
carriers, (ii) to ensure the usefulness and effectiveness of the selected 
scaffolds, and (iii) to support the use of the virtual enactment tool.

	4.	 Representational alignment might need to be facilitated when the par-
ticipants aim to consolidate their findings into a shared representation 
in the course of enactment.

	5.	Organizational implementation needs to be documented when the 
participants validate how work processes could become part of future 
workplace designs.

We now discuss the requirements with respect to subject-oriented vali-
dation and execution based on S-BPM (Table 5.3).

From a procedural perspective, S-BPM-based validation and execution 
needs to take into account the following sets of activities:

	1.	 The preparation of validation and execution requires (i) determining 
the models within the scope of implementation, that is, some business 
process, (ii) providing the models and the probing actors as role carri-
ers, (iii) configuring the tool for validation and execution of the role-
specific models, (iv) providing a facilitator to effectuate the procedure 
including articulation of additional work knowledge when probing.
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Table 5.3  Elicitation requirements and S-BPM-based validation and execution

Elicitation 
requirement S-BPM-based execution

Awareness on 
role(s) and their 
management

Roles and role-specific interactions are constitutive 
elements of subject-oriented representation that lay 
ground for validation and implementation. Automated 
execution of Subject Behavior Diagrams helps to 
experience role-specific behaviors, and thus manage roles 
based on their function flows and interaction patterns.

Situation 
awareness

The selection of roles and thus subjects depends on the 
situation to be addressed in the course of articulation, 
alignment, and implementation. Consequently, a 
situation is grasped and modeled implicitly through the 
resulting interaction pattern between roles and their 
behavior specifications.

Conceptual 
understanding 
of complex 
systems

A system can be validated as being composed of an 
arbitrary set of entities. The ultimate criterion is whether 
the constellation of subjects encapsulates intended work 
behavior. Validation can be achieved by specifying subject 
behaviors and their interactions, and by executing these 
representations by choreographic workflow engines. 
According to S-BPM methodological approach, several 
facilitating organizational roles can be identified for 
validation and execution. They are either governing or 
acting throughout implementation, aiming to build up 
digital work experiences based on validated process 
models.

Creating a 
reflective 
practice for 
situations-to-be

The baseline in S-BPM can either be a situation as-it-is, or a 
situation to-be, or even a mixture of existing and 
envisioned patterns of work. It depends on the purpose 
of validating knowledge and the status of implementing 
models.

Focusing while 
utilizing 
multiple 
perspectives

Each subject pursues a specific role perspective in the 
course of validation and execution. The overall picture 
becomes visible through interaction between the 
subjects. When executing the models by digital means, 
the overall process flow, as well as the individual models 
of the role-specific behavior, is available. Hence, for 
probing and interactive process experience, a dual view 
(design and runtime) can be provided. In addition, the 
procedure of validation and execution is supervised by 
additional organizational perspectives, in particular 
through the governor and facilitator role.

(continued)
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Table 5.3  (continued)

Elicitation 
requirement S-BPM-based execution

Articulating 
intangible assets

Subject-oriented validation is based on explicit work 
models, in particular, it allows to explore how work task 
are accomplished when collaborating in a certain role 
with other roles. Whenever a participating stakeholder 
becomes aware of work knowledge not externalized so 
far, it can be articulated in the course of model validation 
and represented to become part of the subject 
representations that can be executed.

Engage in 
alignment for 
collective 
intelligence

A subject-oriented business process consists of 
collaborating subjects. For validation and 
implementation, all involved stakeholders can experience 
how models could be implemented in work practice. 
Hence, it is advised from a project management 
perspective to involve the actual takers of each role to 
check whether the models provide a balanced perspective 
on individual mental models of work. Otherwise, the 
impact of implemented work processes on the collective 
intelligence could only be evaluated after probing the 
models.

	2.	 Situation-sensitive validation and execution features are modeling and 
tool functions referring to the notation (e.g., editor) and execution 
support (e.g., bootstrapping through subject-wise execution), as the 
subject constellation refers to the situation to be targeted. It is cap-
tured through a functional and interactional perspective.

	3.	 Situation-as-is versus situations-to-be: Both can be addressed by models 
when validating and executing them as being constructed. Hence, also 
the transformation from as-it-is to as-it-could-be can be experienced 
interactively, which is particularly helpful when stakeholders start 
revisiting existing work patterns, role labels, and work assignments, 
and try to generate novel structures of work. Our practical experiences 
show a strong preference of stakeholders of this middle-out approach.

	4.	 Representational validation: The specification of work processes is 
complete with respect to the information required for executing mod-
els without further transformation. Hence, stakeholders are enabled 
to change patterns of behavior back and forth in the course of valida-
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tion and execution, depending on the addressed situation (to-be or 
as-it-is).

	5.	Organizational validation and execution is best achieved involving role 
carriers when probing models through executing them. It fosters a 
lively engagement when aiming to find organization-wide consensus 
along interactive experiences of process models.

Cross-checking the presented validation and implementation tech-
niques, each of the presented technique focus on role-specific behavior 
and their interaction patterns. Scaffolding extends the variability of how 
to align and validate knowledge for an organizational consolidation and, 
finally, implementations. Opening up for innovative or novel process 
design is considered particularly useful in case of highly complex situa-
tions or conflicting perspectives on workflows. Scaffolds also support 
middle-out development of organizational structures, as they enable 
multilayered perspectives and bootstrap alignment processes. The latter is 
supported only implicitly by going back and forth in subject-oriented 
modeling coupled with interactive prototyping of executable pro-
cess models.
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