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Abstract. Involving stakeholders in enterprise modeling, besides rendering valid
models, also helps stakeholders articulate and align their views on their
organization. This requires that stakeholders are able to understand and actively
perform conceptual modeling for representing their views on enterprise structure
and behavior. The specific skills required for this should not be taken for granted
and need to be developed explicitly. Scaffolding is an educational concept that
allows to embed learning support mechanisms in operative modeling processes.
The present article introduces a framework that makes it possible to view
scaffolding as an integral part of stakeholder-centric modeling activities. The
framework is validated with respect to its descriptive and discriminatory power
by an ex-post analysis of the design and application of an existing modeling
method.
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1 Introduction

Enterprise modeling is a form of conceptual modeling that is concerned with
representing organizational phenomena and their relationships among each other [1].
The developed conceptual models provide the foundation for describing present or
required [2] properties of enterprises as socio-technical systems, to document their
operational and structural properties [3] and aid the communication with social and
technical stakeholders throughout the design process [4].

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 [5]
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 pedagogical problem of how to develop this intuition.“ This question has also been
picked up in enterprise modeling as the discipline continued to mature [6], and has
moved away from being considered an ,,art* that requires ,,intuition” to a more
scientifically grounded discipline [7].
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In recent years, literature examining conceptual model processes [8] [9] recognizes
a trend towards a strong and active involvement of stakeholders, who are usually not
formally trained in modeling [10]. Models are considered to act as boundary objects
[11] that enable people to articulate and align their understanding of their work systems
[12]. Research in this domain has focused on how to facilitate modeling activities under
involvement of such ,,novice modelers“ [8] for generating models appropriate for the
respective aims of modeling [13]. In contrast, the question of how to support the
development of skills to work with and on the basis of conceptual enterprise models for
this group of people, who usually does 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 [3, 13, 14].

The aim of the present work is to address this issue by making a step towards a
framework for embedding scaffolding (offering help and guidance for as long as
necessary; see 2.2) in stakeholder-oriented enterprise modeling to enable stakeholders
to directly contribute to modeling. Our framework aims at enabling theory-informed
method design. We thus methodologically follow Walls et al. [15], and identify meta-
design requirements based on our kernel theories, derive a meta-design based on these
requirements and give a first validation of our framework by ex-post analysis of a
workshop design for stakeholder-oriented enterprise modeling. The contribution of the
present work is that it augments current practices for enterprise model elicitation with
an explicit skill development perspective that aims at enabling stakeholders to actively
participate in modeling.

This paper is structured as follows: In the next section, we elaborate on background
and related work to establish the foundation for our framework. The meta-requirements
in terms of embedding scaffolding in modeling workshop designs are established in
section 3 and are encoded in a framework that serves as the meta-design. Section 4
validates this framework on two levels: we first use it to conduct an ex-post analysis of
an existing modeling method and second deploy it as a lens for analyzing concrete
workshops from a learning support perspective. We close with a discussion of our
findings and derive directions of future research.

2 Background & Related Work

In this section we introduce the background theories and related work our research
is based on. This establishes the research framework of the present work and allows to
derive design guidelines for scaffolds in the following section.

2.1 Enterprise Modeling as a Form of Stakeholder Articulation

The creation of enterprise models under the involvement of stakeholders not only is
a form of model elicitation [6], but — if performed collaboratively in a group of
stakeholders — can be considered a form of Articulation Work [16]. Articulation Work
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refers to all activities concerned with setting up and maintaining cooperative work in
organizations (ibid.). Articulation work in most cases happens implicitly and is
triggered during the ongoing productive work activities whenever contingencies arise.
When aligning views on organizational work with those of others and aligning them to
form a coherent, normative model of enterprise structure and behavior [17], articulation
work takes a more explicit form that allows to establish work practices or structures
beyond the immediate context of the group of involved people [18]. Enterprise
modeling as a form of creating external artifacts to represent organizational phenomena
in conceptual models is a means to support such activities [19]. The potential added
value of enterprise modeling activities in that respect, however, can only be realized if
the stakeholders are able to understand and use the respective means of representation
[20]. The availability of the necessary skills must not be taken for granted [21] and must
be developed explicitly [22]. Based on existing empirical evidence [23], we
hypothesize that support for the development of these skills can be embedded in the
modeling process by means of scaffolding.

2.2 Scaffolding

Scaffolding is a concept introduced in the field of educational tutoring by Wood et
al. [24]. It originally refers to having an experienced person help an unexperienced
learner to acquire knowledge about a particular 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: a subject participating in
conceptual modeling) can accomplish a given task herself [25]. It is usually motivated
by the aim of keeping subjects in their ,,zone of proximal development™ (ZPD) during
a learning process [26], i.e., putting them in a situation, which is challenging, yet
attainable to them. In order for scaffolds to be acceptable for subjects and provide added
value to them, they need to be appropriated to their current skill level [27].

Scaffolding can take different forms. Based on a meta-study of scaffolding research,
Jumaat & Tasir [28] distinguish conceptual scaffolds, procedural scaffolds,
metacognitive scaffolds and strategic scaffolds. Conceptual scaffolds help learning 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 scaffolds guide
students in how to approach a learning problem and what to think about when
elaborating on a problem. Orthogonally to these categories, Bulu & Pedersen [29]
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
knowledge 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 interactive systems that try to intervene
appropriately in the learning process based on observing learners’ behaviors or static
intervention rules.
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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. [25]: 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 performance. The second principle is fading, which refers to the gradual
withdrawal 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 responsibility for learning is transferred when
a student takes increasing control about the learning process. The implementation of
these principles is based on diagnosis of a learners’ need for support, which is usually
done by a teacher [23], but also can be implemented in interactive systems [30].

On an operative level, scaffolding is implemented via different means. Van de Pol
et al. [25] 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 scaffolding 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 attribute them any normative value.

2.3 Related Work

In the context of conceptual modeling, several authors have examined how scaffolds
can be used to facilitate the modeling process.

Fretz et al. [31] propose a software tool that provides conceptual and procedural
scaffolds to subjects confronted with a conceptual modeling tasks in the context of
science learning. In addition, they examine additional strategic and procedural scaffolds
provided by teachers or peers. They use prompting to trigger reflection of modeled
structures and allow to validate the model by interactive simulations. As such, the tool
uses scaffolds to implement a setting that facilitates argumentative discourse via
procedural guidance. The authors do not refer to principles like fading or transfer of
responsibilities, but rather focus on examining the effect of the different types of
scaffolds in the argumentative design. They found that — although the designed
scaffolds achieved their intended effects — the role of teachers and peers in association
with designed scaffolds appears to be vital for successful deployment.

Sandkubhl et al. [32] and Carstensen et al. [33] use the term scaffolding in the context
of enterprise modeling, but refer to it in an architectural sense. They aim at creating
“shared knowledge and understanding” among subjects in a collaborative modeling
session before the actual problem-solving process starts. While this is fundamentally
different from the understanding of scaffolding put forward above, the means they
propose still can inform scaffold design for conceptual modeling. In particular, they use
metacognitive scaffolds encoded in graphical modeling templates that indicate which
perspectives should be considered relevant for a particular enterprise modeling
problem.
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Oppl [34] has reviewed the state of the art of conceptual modeling workshop
facilitation techniques with a focus on how scaffolding concepts are used to support
modeling processes. The results indicate that in particular metacognitive and procedural
scaffolds are regularly used for facilitation, usually in an implicit way, without referring
to scaffolding as such. They also show that hardly any existing approaches give an
explicit account on the fundamental scaffolding principles: contingency, fading, and
transfer of responsibility. Related work thus currently does not enable to systematically
embed scaffolding measures in modeling workshop design. We thus derive a
framework to address this issue from research performed on scaffolding for supporting
collaborative articulation in general in the next section.

3 Scaffolds for Stakeholder-centric Enterprise 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 scaffolding in modeling activities is not
available. As argued for in the introduction, augmenting the design of stakeholder-
centric modeling activities with a scaffolding perspective could help improve the
understanding and creation of enterprise models in the target group. In the following,
we therefore review scaffolding approaches proposed in other disciplines, which
require similar skills as stakeholder-centric conceptual modeling, in particular with
respect to articulation of abstract concepts describing real-world phenomena [21] and
the support of developing a common understanding about these phenomena [35]. Based
on these approaches, we develop a framework for scaffolding in enterprise modeling.

3.1  Scaffolding the articulation of models

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

Ozmantar & Roper [36] consider teacher interventions as the major means of
scaffolding (in the context of mathematical abstraction problems). Their study focusses
on examining the activities of the person providing scaffolds. They identify three major
facets that they could observe. First, they observed that scaffolding strategies were
chosen in an ad-hoc manner based on continuous monitoring and analyzing the
subjects’ performance. Which scaffold is appropriate in which situation needs (and —
they pose — cannot) be determined ex-ante. However, continuous monitoring allows
to analyze, whether a provided scaffold achieves the intended effect and eventually
adapting ones scaffolding strategy. Second, they identify a major means of scaffolding
to provide meta-cognitive scaffolds by organizing the main goal of the learning activity
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.
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Land & Zembal-Saul [37] examine how reflection and articulation processes on
scientific explanations can be scaffolded. This focus is conceptually close to what other
authors refer to as conceptual modeling. They examine means that to scaffold reflection
and articulation 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 meta-
cognitive, 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 to combine their approach with human instruction that provides more
explicit scaffolding especially for novices.

Stender & Kaiser [23] discuss the value of scaffolding the process of developing
mathematical models of real-world-problems and validate their appropriateness for
problem-solving. Rather than describing concrete scaffolds, they focus on 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 student’s
freedom of choice on action. Based on their empirical results, they suggest scaffolding
interventions in the model articulation process to facilitate 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.

3.2 Scaffolding argumentative collaboration

Several authors have also examined how to scaffold collaborative articulation, in
particular with focus on peer-facilitation of argumentative processes.

Abdu et al. [38] examine how the process of peer-facilitation can be scaffolded with
whole-group interventions in classroom settings. Their focus consequently is on
argumentative design that should prevent unguided model creation. They propose to
provide strategical scaffolds by means demonstrating solution paths upfront, before
peer interaction starts. Furthermore, they establish explicit prompting practices for peer
collaboration to establish collective responsibility for the learning process.

Chin & Osborne [39] show how discursive interaction (i.e. argumentation) can be
scaffolded in science education. They propose to provide question prompts for enabling
peers to ask questions that allow to explore a problem or proposed solution more in
depth [40]. They propose to provide conceptual scaffolds in the form of additional
resources on the topic of interaction and procedural scaffolds in the form of guiding
structures (such as writing stems or diagram templates). They furthermore propose to
work with heterogeneous groups, where participants have different views, to facilitate
confrontative argumentation [35].

Xun & Land [41] focus on the development of domain-specific question prompts to
scaffold problem-solving in peer interaction settings. They establish guidelines for
designing such scaffolds that are based on a combination of generic discursive
prompting [40] and domain-specific prompts that they claim should be developed in
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cooperation with domain experts. They also suggest to structure discourse via explicit
assignment of roles to learners they should take in their interaction.

Vogel et al. [42] present a meta-study on how collaboration scripts can be used for
scaffolding in IT-supported learning environments. Collaborations scripts [43] 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 positive
effects on the acquisition of domain-specific knowledge in relation to the task and
collaboration skills in general. They claim that repeated participation and practice in
activities scaffolded by collaboration scripts leads to an internalization of the required
performative knowledge and gradually allows to withdraw the script guidance while
still maintaining the developed problem-solving strategies not only in terms of
collaboration, but also regarding domain-specific skills.

3.3 A Framework for Scaffolding Model Articulation

Based on the empirical results presented in [23, 37, 42] and informed by the
methodological considerations outlined in [36, 38, 39, 41], we hypothesize that
scaffolds can be developed for the purpose of skill development in stakeholder-centric
modeling settings. The modeling process in this context is considered a process of
articulation. It is indivisibly embedded in its social context that requires to view
conceptual modeling as a process of co-construction ultimately leading to a shared
understanding about the topic of modeling among the participating subjects.
Consequently, a conceptual model always only can represent the agreed upon
abstractions of the perceived real world phenomena considered relevant by the
participants. Its value is further determined by the chosen representational system, that
needs to be selected based on the intended purpose, i.e. goal of modeling.

Informed by the prior research discussed above, modeling approaches from a
scaffolding perspective need to address the following meta-requirements [15]: (A1)
provide scaffolds for the level of model representation (i.e. encoding abstractions in an
external representation) [23, 37], (A2) provide scaffolds for the level of model
articulation (i.e. developing an understanding about the real world phenomenon that is
the topic of modeling) [23, 41], and (A3) provide scaffolds for the level of collaborative
model alignment (i.e. the process of mutually supporting the development of a shared
understanding about the topic of modeling and the modeling process itself) [38, 39, 42].
The identified meta-requirements A1-A3 link issues discussed in the field of
stakeholder-centric model articulation[18-20] with potential support measures provided
by scaffolding practices.

Furthermore, in order to account for the aim of supporting modeling skill
development [21, 22] and 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 [36] [42].

Based on these requirements, we draw from the results of our literature review in the
following and propose a meta-design [15] in the form of a scaffolding framework which
should support the process of enterprise modeling on all three levels identified above.
The framework is visualized in Figure 1.
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The fundamental constituents of the framework are visualized on the top, bottom
and left margin of Figure 1. Its starting point can be found on the left, where our
conceptualization of enterprise modeling being activities of a group of individuals
(stakeholders) to create a common conceptual model is shown. As identified above, this
requires to perform model representation, model articulation and model alignment
activities, and is usually supported by a facilitator.

Invasiveness of Intervention

low high

B

Conceptual Meta-cognitive Strategic Procedural
Scaffolds Scaffolds Scaffolds Scaffolds
Model Which aspects Hov;h(:rézach Collaboration
G —_— ! ? i i
roup /\ Alignment to align? understanding? Script
/\/\ Why is the " How to " .
Individuel % % % Model topic Wh:;:f]:,’,""k structure Aﬁ::::;mn
N - Articulation important? . articulation?
Model —— How to create
Re, "::ec:]ella" on C%r:’c‘:ztosnol a correct Modeling Rules
\ / P model?
Facilitator % \ Selection /
R —
" " Transfer of
| Diagnosis ]—> Contingency | Fading ‘ ‘ Responsibility

Fig. 1. Dimensions of Scaffolding during Enterprise Modeling

The top margin of Figure 1 structures different types of scaffolds [25] according to
their invasiveness of intervention [23] (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 scaffolding visualized at the
bottom margin of Figure 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 contingency, the facilitator is free to temporarily fade in stronger
support to keep the modelers oriented towards the aim of modeling.

The center area of Figure 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 scaffolds independently of the addressed
level motivate the topic of modeling, show its relevance and allow to validate the model
with respect to their appropriateness in real-world use. Metacognitive scaffolds support
to understand the structure of the modeling task and indicate how 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 process
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 modeling, whereas articulation and alignment
focus on semantic aspects.

Scaffolds of either form and on either level can be delivered via different 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
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by a human facilitator or an IT-based system, if the latter is capable of monitoring the
modeling progress and analyze the challenges participants currently face on their
individual skill level. Procedural guidance by humans can be provided by expert
facilitators or peers, if the latter are provided with further scaffolds, 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 subjects 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 procedural guidance.

Figure 2 gives examples for these different types of scaffolds, distinguishing
between different sources of scaffolding as described in section 2.2. The examples are
taken from related work (references provided for each example in the figure).

‘ Conceptual Meta-cognitive Strategic I ’ Procedural
Motivation of y
Facilitator Conceptual | Prompting [38] , Beavioural 1 ngr,ction (28]
Modeling* [39]
Focus [26]
Confrontation Confrontation Behavioural
I
e with Other's || with other's Modeling* Cs‘!s;‘:'ﬂ;g]”
Aims [36] Models [43] 39]
T~ .
Static Medium Description of Prompting Structural or Step-by-Step
(Text, Graphics) Relevant || o olates [42) || Behavioural o ription [24]
" Concepts [40] Templates [33]
Interactive V':"izraatﬁ:lz' Interactive Interactive Interactive
Medium Model [24] Prompts [32] Portfolio [38] Guidance [31]

* here refering to ,acting as a model on how to solve the problem*“

Fig. 2. Examples of different forms of scaffolds for enterprise modeling
as described in related work

The examples should be considered a non-tentative overview about how the different
forms of scaffolding can be provided via different delivery channels. They are
deliberately not assigned to the different levels of support indicated in Figure 1 (model
representation, model articulation, model alignment), as existing literature does not
distinguish between these levels. For validation, we combine the delivery channels with
the forms of scaffolding and levels of support for an actual method (cf. Figure 3).

4 Validation

We validate the framework developed above by using it for analysis of modeling
method designs. This analysis examines the framework’s descriptive and
discriminatory value and its usefulness for assessing observed modeling processes with
a scaffolding lens. We hypothesize that the framework enables a structured review of
support measures embedded in modeling method designs and provides an analytical
lens for observed modeling processes that allows to analyze potential reasons for the
success (or lack thereof) of stakeholder-centric modeling workshops.

Based on the meta-requirements A1-A4 formulated in section 3.3, we formulate
testable hypotheses (designated with Hx.y in the following) for assessing the
appropriateness of the proposed framework [15]. In ex-post analysis of modeling
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method designs, we hypothesize that (H1.1) the support measures embedded in the
method are classifiable with respect to whether they target model alignment, model
articulation, or model representation. Furthermore, (H1.2) the support measures are
classifiable with respect to the form of scaffolding and the proposed delivery channel
(facilitator, peer, static media, interactive media). In analysis of observed modeling
processes, we hypothesize that (H2.1) the observed support measures are classifiable
with respect to whether they target model alignment, model articulation, or model
representation. Furthermore, (H2.2) they are classifiable with respect to form and
delivery channel of scaffolding. Finally, (H2.3) the observed behavior of the facilitator
is classifiable with respect to properties of scaffolding implemented during modeling
(contingency, fading, transfer of responsibility).

If any of the hypotheses could not be validated in the study, i.e., any method design
property (for H1.x) or observed behavior (for H2.x) cannot be classified in the
framework, this would indicate a conceptual deficiency in the framework that would
need to be addressed in future refinements of the framework. If the hypotheses could
be confirmed, this would indicate appropriate discriminatory power of the framework.
If the results of workshop analysis (H2.x) furthermore allowed the linking to the
deployed scaffolding measures of outcomes of the model representation, articulation
and alignment (according to the respective aims of modeling), this would indicate
appropriate descriptive power of the framework.

4.1 Sample Instantiation in CoOMPArE/WP

H1.1 and H1.2 have been validated by ex-post analysis of the COMPArE/WP method
[44], 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 individually 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 [44].

Although not designed with a scaffolding background, COMPATrE/WP offers support
measures to enable modeling by stakeholders, who do not have any prior knowledge in
conceptual modeling. These support measures are briefly described in the following
and then classified using the proposed framework (cf. Figure 3). The global multi-step
modeling procedure is introduced by a facilitator, who is expected to be trained in the
implementation of the method. The participants are also provided with a one-page
written/graphical summary of the global procedure. The used modeling notations are
pre-specified and are provided via cardboard model elements that follow a coloring
scheme encoding the semantics 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
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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. During workshop
implementation, the facilitator 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 parts that indicate divergent
views on how to collaborate. The identification 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 interactively validated
via simulated enactment, during which participants can identify inadequacies of the
developed model.

Conceptual Meta-cognitive Strategic Procedural
Scaffolds Scaffolds Scaffolds Scaffolds
Model Identified Models of Rules for
Alignment Mismatches other partic. consolidation
9! [40) [43) 137)
Interactive
Model Model Role-specific Behavioural Rules for indiv.

N y Validation via H i deling [24]
Articulation Simulated Prompting [38] | Modeling* [39] = modeling [24]

Enactment [32]

Model Model Model Rules for
: Elements + Layouting structuring
Representation Examples [40] || Templates [33] | models [24]

- Other Static Medium Interactive
Facilitator ( Modelers > (Text,Graphim MediuD

* here refering to ,acting as a model on how to solve the problem*

Fig. 3. Scaffolds deployed in COMPATrE/WP (references indicate the foundation for design)

Figure 3 shows a classification of the available support measures using the proposed
scaffolding framework. With respect to the hypotheses formulated above, H1.1 can be
confirmed with two exceptions: validation via simulated enactment cannot be classified
to any particular level of support, as it potentially contributes to all three levels
(showing the relevance of syntactic model correctness for representation, the impact of
individual contributions to the model on articulation level, and the need for a commonly
agreed model on alignment level). As this particular measure acts as a conceptual
scaffold in the present method, classification in one specific level, however, is not
mandatory in the framework. The global multi-step modeling procedure cannot be
classified in the framework due to its more generic, level-independent scope. This
indicates a shortcoming of the current framework.

H1.2 is not violated for the methodology, as each support measure could be classified
with respect to its form of scaffolding and delivery channel. The global multi-step
modeling procedure is not contained in Figure 3 due to the problems described for H1.1,
but would pose a procedural scaffold delivered by the facilitator.

Using the framework to analyze CoMPArE/WP allows to identify the following
potential shortcomings of the method: (1) the scaffolds for model alignment are largely
based on peer delivery. However, no meta-scaffolds on how to provide scaffolds to
peers are available and thus rely on prior existing knowledge on modeling, and (2) a
conceptual scaffold is only available after initial modeling activities, as virtual
enactment requires an initial model version.
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4.2  Sample Workshops

H2.1, H2.2, and H2.3 have been validated by ex-post analysis of three workshops
that were implemented following the CoOMPArE/WP method. The workshops were
selected to differ in the amount of scaffolds deployed and the behavior of the facilitator
to comprehensively assess the framework’s elements. Any scaffold that had been
deployed was implemented in the way envisaged by the method. Consequently, as the
method has already satisfied H1.1 and H1.2, the observable scaffolds in the method’s
implementation also satisfy H2.1 and H2.2. Differences here could only be anticipated,
if the workshop implementation deviated from its design.

i
i
it

i
i
!
H
8

Result Workshop 1

Model Layouting Template

Result Workshop 2 Result Workshop 3

Figure 4: top left: model layout template, top right & bottom: modeling results of workshops

H2.3 is discussed in the following by example of the observable effects caused by
how the facilitators guided model representation and alignment. Figure 4 shows a model
layout template which is used as a strategic scaffold for model representation during
consolidation. The three photos in Figure 4 illustrate the different results of
consolidation. On 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 alignment level, participants themselves should
discover problems in the depicted process (e.g., non-matching communication
expectations) and resolve them.

The facilitator in workshop I deployed model representation scaffolds on a strategic
and procedural level. Scaffolds for model articulation and alignment were not used.
Fading, transfer of responsibility or contingency could not be observed. This resulted
in a syntactically correct model, but led to little involvement of the stakeholders in
modeling 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 participants with meta-cognitive scaffolds on
representation, articulation and alignment. Contingency could not be observed,
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although participants showed signs of being overwhelmed with the task. He rather
shifted full responsibility to them 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
modeling result with semantic deviations from the proposed modeling language. The
facilitator in workshop 3 actively implemented contingency and fading. She started with
strategic scaffolds for model representation 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 proposed
modeling notation in the final modeling result.

H2.3 is backed by these results, as classification of the observed behavior of the
facilitators was possible with respect to properties of scaffolding implemented during
modeling (contingency, fading, transfer of responsibility). Furthermore, their behavior
could be described using the addressed levels of support, forms of scaffolding and their
delivery channels. This indicates adequacy of the hypotheses H2.1 and H2.2.

5 Discussion and Conclusion

The results of evaluation in section 4 show that the hypotheses formulated based on
the identified meta-requirements could be confirmed. Shortcomings in the current
version of the framework could be identified with respect to scaffolds that span
different levels of support or support the modeling process on a generic level. The
findings with respect to the hypotheses H1.x provide evidence that the framework could
potentially guide modeling method design from a scaffolding perspective. The findings
on hypotheses H2.x indicate that further examination of the framework’s potential for
training facilitators to provide situation-specific support to stakeholders [13] appears to
be worthwhile. The present article has thus introduced a framework on anchoring
scaffolding in stakeholder-centric enterprise modeling. It indicates relevant dimensions
of design when augmenting modeling activities with scaffolding.

The current state of development of the framework suffers from several limitations
that need to be addressed in future research. First, the framework currently lacks
instantiation guidelines [15] to apply it in modeling method design. This will be
addressed in the next revision of the framework. Second, the validation study currently
provides only limited internal validity, as only one method has been examined in this
article. Our current research, however, indicates that the framework can be also applied
to other methods and exhibits similar shortcomings there.

These limitations will be addressed in our future research by establishing a more
comprehensive empirical basis for the next iteration of our framework. Our next steps
will go beyond analytical deployment of the framework and will examine whether it
can be used to guide method design in practice.
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