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ABSTRACT

Task-network modelling approaches are widely used to understand and improve product development
(PD) processes. The best-practice application of these tools is often presented prescriptively. This
paper proposes that best-practice, and academic understanding, of PD process modelling can be
further developed through an empirical approach, in which modelling tools are taken as given and
practice is analysed in terms of how industry stakeholders use these tools. We argue this inductive
approach can result in process modelling guidelines which explicitly recognise the challenges of
modelling in industry. We thus analyse four cases of process modelling at Rolls-Royce plc and find
that: 1) modelling is a social process of knowledge-creation; 2) effective modelling requires selection
of the appropriate methods and tools at the right time; and 3) understanding the purpose of each
interaction between participants in the modelling process helps to choose the best approach. To
conclude we present guidelines to suggest which modelling approach should be used in which context,
where context is described in terms of the purpose of a given modelling interaction.

Keywords: Design process modelling, process modelling practice, knowledge creation

1 INTRODUCTION

Process modelling plays an important role in the understanding, management and improvement of
product development (PD) processes, including engineering design. A process model can be used: to
visualise an existing or proposed process; to support project planning, execution and control; and as a
tool to improve existing processes or to develop new processes [1]. There is an extensive body of
literature describing a wide range of different process modelling approaches and the tools available to
support them (see for example [1, 2] for reviews related to product development).

Engineering design processes pose particular problems for process modelling. Unlike many business
processes, which are often sequential within a single business function, engineering design typically
involves multiple parallel streams of activity performed by people across different disciplines.
Moreover there are complex interdependencies between these activities and uncertainty about task
sequencing and outcomes, which leads to iteration and difficulties in prescribing the exact process
flow [3]. Consequently a number of engineering design specific modelling and planning tools and
methods have been proposed [e.g. 4, 5-7]. In general these methods and tools are problem-focused.
Following Maffin [8], Roelofosen et al. [7] propose that for project planning the methods and tools
should be situation-specific instead. In this paper, we argue that similar logic should be applied to
process modelling, i.e. that there is a need for guidelines which capture the contextual factors which
define when different modelling methods and tools should be applied within a given process
modelling intervention.

In other fields there is an on-going debate about whether methods and tools that will be used by
practitioners can be developed through a purely top-down approach, i.e. from an analysis of the nature
of the problem to be solved. For example, in the information systems (IS) field there is now an
extensive body of literature exploring the various shortcomings of traditional, prescriptive, structured
methodologies for IS design and development — in particular highlighting the need to better understand
the sociology of the complex, knowledge-intensive group decision making involved in using these
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tools in practice [e.g. 9]. This debate has led to the acceptance of bottom-up, empirically-led
approaches as complementary to the top-down, problem-oriented paradigm for researching IS.

This paper reports on the first steps of investigating actual PD process modelling practice from this
point of view. We aim to formulate an explanation for why modellers choose different methods and
tools when modelling complex engineering design processes in industry. Building on the arguments of
the IS researchers, we propose that these empirically-derived explanations can be used to develop
detailed, context-sensitive guidelines which complement more prescriptive, top-down methodologies
for process modelling interventions. The longer-term objective is to provide feedback to allow
development of methods and tools which can better address the problems which emerge from how
practitioners apply PD process modelling in an industry context.

The paper is organised as follows. Section 2 sets the context of the paper by discussing process
modelling approaches in the engineering design literature and presenting a high-level model of
knowledge-creation through process modelling. This model highlights the cyclic structure of the
modelling process and its role in the overall modelling intervention — and highlights the need to
explore this structure and the modelling episodes within it to develop practical guidelines for
modelling support. Section 3 describes four case studies of process modelling in which the authors
participated, which are used to achieve this. Section 4 discusses the methodology by which these
studies were analysed. Section 5 presents the high-level findings, comparing the modelling approaches
taken across the four case examples. Section 6 presents tentative modelling guidelines which arose
from the case findings. The guidelines are context-specific, organised according to the modelling
activity at hand and its objective in terms of the type of knowledge generated. Section 7 concludes.

2 BACKGROUND AND OBJECTIVES

2.1 Task-network Modelling of PD Processes — Notations and Tools

There are many different ways that PD processes can be represented and analysed, which can be
broadly grouped into activity-based models, systems dynamics models, causal models and parametric
models [1]. This paper focuses on diagrammatic task-network models, i.e. those which view a process
as tasks with information flows between them, and represent this as a flowchart diagram.

Perhaps the most well-known diagrammatic task-network modelling notation is the PERT chart and
related critical path analysis, which aims to assist managers by identifying those activities which have
greatest impact on overall project duration, and which must therefore be carefully managed [10].
Pritsker extended this approach, introducing GERT simulation models which allow incorporation of
iteration cycles [11]. More sophisticated notations such as Event-Driven Process Chain (EPC)
implemented in professional modelling tools such as IDS Scheer AG’s ARIS [12] have become widely
accepted in industry. Other widely-used task-network notations include IDEFO/IDEF3 [13], various
types of UML diagram, and Object Process Modelling (OPM) [14]. A number of other approaches
have also been developed specifically for engineering design, including ADePT PlanWeaver [5] based
on IDEFO, Plexus Modeller (no academic publications available), and Applied Signposting [15].
Various non-diagrammatic or semi-diagrammatic process modelling approaches have also been
proposed in the engineering design literature. For example, Eppinger shows how activity DSMs may
be used to identify an order of attempting tasks which minimises information feedback, and hence
iteration [4]. Cho and Eppinger [16] propose a framework for project planning based on DSM
simulation. Browning and Eppinger [17] discuss application of a similar simulation to evaluate
alternative process architectures. ProNavigator [6, 18] provides a hierarchically-structured modelling
and execution approach which allows processes to be described as ‘process elements’ taken from a
library and nested within ‘structuring elements’. These describe whether the ‘process elements’ they
contain should be attempted sequentially, concurrently or iteratively.

2.2 Creating Process Models

There are thus many notations and tools available for modelling engineering design processes.
However, choosing an appropriate notation is only one part of creating a process model. Creating large
models of complex engineering processes typically involves a division of labour between modellers,
who have expertise in knowledge elicitation and modelling, and the process domain experts, who are
typically involved in performing or managing the activities being modelled. Given that any process
model is a selective, abstracted representation of reality, there are, therefore, difficulties in deciding
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what information to include, what to leave out and how to represent this information in the modelling
domain [19]. The role of the modellers is to bring their expertise in the modelling domain to bear on
the process domain and bridge the gap between them. This requires them to elicit information from the
process domain, represent it in the modelling domain and then reconcile the two.

Doing this effectively can require significant experience. We propose in this paper that novice
modellers could be assisted by structured guidelines which capture this expertise, in particular to assist
with identifying which modelling notations and elicitation approaches are most appropriate to
particular circumstances encountered within the modelling process. To clarify the structure of this
process, and thus position the type of guidance we propose, the following sub-section presents a high-
level model of how knowledge-creation occurs through process modelling.

2.3 The Structure of Knowledge Creation through Process Modelling

Through a number of case studies we have developed a high-level model which begins to describe and
structure the process of knowledge-creation through process modelling. Our model is shown
diagrammatically in Figure 1. It distinguishes between modelling stages which are conducted to
develop different types of process knowledge, modelling cycles which are revisited iteratively within
each stage to converge upon a consensus model, and modelling activities which form part of each
modelling cycle. The output from each stage is a form of process model; however, it is important to
highlight that we consider the objective of modelling is not to create process models per se, but to
create process knowledge in support of a given intervention. In this context, we define an intervention
as the project a company undertakes to document, change, improve or automate a process; process
knowledge as the understanding which must be gained to enable a successful intervention; and process
modelling as the mechanism by which the knowledge is developed. In other words, the knowledge
created through the process depicted in Figure 1 allows the modelling intervention as experienced by
its participants to occur. This experience is composed of a sequence of modelling episodes (not shown)
which divide up the intervention over time and may include several activities or cycles.
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Figure 1. Our high-level approach to developing process knowledge through modelling
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Progressive overall structure: stages

The knowledge-creation process begins with a statement of intervention objectives. This defines the

boundaries of the process to be considered, the purpose of the intervention and, therefore, what type of

knowledge is required and which process experts should be involved. Our model suggests process

knowledge is then created in three increasingly concrete forms of: 1) abstract, 2) qualitative, and 3)

logical/quantitative. This occurs through three stages, depicted as spirals in Figure 1:

1. Develop conceptual framework. A conceptual framework forms the basis for modelling
activities in subsequent stages of the knowledge-creation process and assists elicitation,
structuring and evaluation activities. The framework typically defines: a) the conceptualisation
of the overall process structure, for instance as a V-model, waterfall, spiral or a grid of
swimlanes in which tasks must be placed; b) the boundaries between different process experts’
domains, which in turn, allows elicitation and evaluation activities to differentiate between
individual concerns and those of multiple process experts; and c) the types of information which
should be included (or excluded) from various parts of the model, for instance, the framework
might stipulate that all design tasks should indicate the requirements they aim to satisfy.

2. Develop process flowchart: Develop knowledge of the low-level structure of tasks,
information flows and other domains of interest. This is typically formalised using a task-
network notation such as OPM [14], EPC [12], IDEF3 [13] or ASM [15]. Modelling activities
conducted within this stage typically address the following objectives: identify tasks and their
deliverables; locate the tasks in the conceptual framework; sequence the tasks; identify major
decision points and iterations; interconnect tasks using the information they require and
produce.

3. Develop computable process model: Elaborate the flowchart with further information relevant
to the particular application of the model; for example, for process automation, which resources
(e.g. people and tools) are used to perform a particular task. Beyond elaborating descriptive
information in this way, developing an executable model requires the following information to
be added to the descriptive model: task durations, number of people required and logic at the
decision points in the model to replicate the process behaviour.

Knowledge is built up progressively; ideally each stage would be completed before moving on to the

next. Nevertheless, in practice knowledge creation is a messy process. Iteration should therefore be

expected across stages as increased knowledge leads to recognition that more information from a

previous stage is needed or the output of that stage requires revision.

Iterative sub-structure: cycles, activities and episodes

As indicated in Figure 1, each stage is formed from multiple modelling cycles, each of which
comprises a structured sequence of modelling activities. The overall knowledge-creation process may
thus be viewed as a spiral structure, in which knowledge of the process and the model are
progressively developed amongst the modellers and process experts. The modelling activities
comprising each knowledge-creating cycle are:

1. Decide: What are the objectives of this modelling cycle? How will it be managed? Which

stakeholders will be involved? What methods and tools will be used?

2. Elicit: The modeller obtains the information required to meet the cycle objectives. This can
involve interviews, meetings, workshops or study of existing documentation.
3. Structure: The ‘raw’ information is structured to meet the cycle objectives and to integrate it

with information developed in prior cycles, thereby helping create knowledge about the process.
Structuring can include, for instance, creating new tasks in an activity network model or
detailing a conceptual model.

4. Evaluate: The structured information is evaluated for fidelity and to determine whether it meets
the objectives of this cycle and those of the overall stage. For instance, this could include
discussion of changes to a model with the domain experts who participated in the elicitation
activity. Evaluation may reveal that the stage is complete and prompt moving forward to the
next. It could also prompt revisiting earlier stages.

These activities are described in abstract terms common to all modelling stages and interventions.

However, as the process knowledge and model information content are progressively developed, these

activities are instantiated in different ways. For instance, different elicitation approaches may be used,

depending on the intervention objectives and the focus of interest at that time. The cyclic structure will
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often repeat several times at each level and is likely to involve various combinations individual and
group interactions among the participants in the intervention, as well as deskwork, particularly by the
modeller. Consequently the modelling intervention is structured temporally into a number of
modelling episodes, each of which may incorporating one of more activities and even cycles and may
occur quickly or over an extended time period. Whereas the distinction between stages, activities and
cycles provides a useful abstraction to understand and analyse the structure of the modelling process,
episodes are directly observable and can form the basis of an empirical enquiry of modelling practice.

Summary and additional points
Figure 1 provides a model of the knowledge creation process that occurs when process modelling is
undertaken. It is not intended as a prescriptive model of the lower-level modelling process or the
higher-level intervention which it enables. Rather, it clarifies the relationship between different stages,
cycles and activities which occur during modelling, thereby highlighting the need to better understand
the decisions made within the cyclic sub-structure in order to develop detailed guidance for
inexperienced modellers.

In addition, the model is intended to convey that:

e  Knowledge is built up in stages of increasing detail. The process will descend only to the stage
required to match the objectives of the modelling intervention. For instance, many interventions
will not require the logical/quantitative knowledge embodied in a process simulation or
automation model. In such cases only the first two stages of Figure 1 apply.

e  The knowledge-creation process applies whether the model is of an “as-is” or “to-be” process. It
is rare that a model will be created “from scratch” without some other related models already
existing, whether formally documented or not. In the case of “to-be” modelling it may facilitate
the knowledge-creation process to model the “as-is” situation first. Multiple models may also be
created concurrently.

e  The knowledge-creation process is applicable to all forms of top-down process modelling, where
the situation is progressively decomposed and elaborated in increasing detail. It is not specific to
any one modelling notation or tool; rather, it is intended to express that different notations,
methods and tools can be used within the process as appropriate to particular modelling episodes.

2.4 Objectives of this Paper and High-level Research Approach

The framework described above indicates the relationship between the progressive stages, iterative

nature and cyclic structure of knowledge-creation through process modelling. However, this high-level

model does not explore:

e  The great variation in models that may be produced, for example, the scope of the process
represented and the amount of detail included in that representation.

e The different ways that process information can be gathered, such as from existing
documentation, one-on-one interviews or group workshops.

e  The different tools that may be used to structure information and to document the model
produced, including Post-it® notes, Microsoft Office tools such as Excel and PowerPoint, and
specialist modelling tools such as ARIS [12], P3 [15], Loomeo [20] and ProNavigator [6, 18].

Even when following such a methodology, modellers are therefore faced with a wide range of possible

ways to approach a particular modelling episode. The objectives of this paper are thus to explore the

following research questions:

o What are the differences in the approaches that modellers take to building process models in
practice (such as different methods for gathering information and different tools for
documentation)?

e Which factors, if any, can explain these differences?

o What are the implications of these findings in terms of pragmatic guidelines for process
modelling interventions?

The following sections explore these questions through an analysis of four case studies of industry
practice, which is used to develop tentative guidelines for approaching activities within modelling
episodes. The assumption underlying this approach is that there are substantive reasons for variations
in the activities as conducted by practitioners — and that understanding these reasons by studying
process modelling practice can form a starting point for developing detailed guidance for modelling
episodes and the activities within them.
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3 FOUR PROCESS MODELLING INTERVENTIONS IN ROLLS-ROYCE

Four case studies were conducted at Rolls-Royce plc., a world-leading provider of power systems and
operates in four global markets: civil acrospace, defence aerospace, marine and energy [21]. The case
studies were conducted within its Civil Aerospace and Energy divisions and involved modelling the
early design processes of gas turbines either in the form of civil jet engines or for power generation on
land. The four interventions are summarised in Table 1 and examples of the models produced are

provided in Figure 2.
Table 1: Summary of the four interventions.
IPAS Energy Division Integrated Process | Process Automation

Purpose of | Improvement of civil | Visualisation (as-is) New (to-be) process | Process automation
model aerospace conceptual | of prelim design for a new team across six design

design process process for merging eight teams

knowledge transfer to | different disciplines
another team

Overall Interviews for data Two group working 1:1 sessions for data | Largely 1:1
modelling | gathering. sessions gathering. interviews with each
approach Group sessions for Group sessions for design team

model refinement and model refinement and

validation validation
Tools used | MS-PowerPoint for Post-it notes for Post-it notes for MS-Excel

conceptual model. group sessions. process modelling

P3 [15] for modelling | MS-Excel for

and simulation distribution
Total time | 2.5 years 3 months In progress. 4 months | In progress. 9 months
taken at time of writing at time of writing
Final approx. 100 tasks 118 tasks 120 tasks (est.) 20 tasks per design
model size team

Process Automation

Energy Division

Figure 2. Example views of models created during the interventions

All four interventions followed the same basic development stages and iterative cycles described by
the framework in Section 2.3. However, it was also clear that, within this framework, there is
significant variation in how Rolls-Royce personnel approached process modelling episodes in practice.
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The remainder of this paper analyses the four studies in more detail to explore the source of these
variations and hence to tentatively identify more detailed, empirically-derived guidelines for
modelling activities.

4 METHODOLOGY FOR ANALYSING THE INTERVENTIONS
The four cases were analysed using an inductive approach. This analysis started with the academic
authors interviewing the Rolls-Royce modelling leaders. These interviews were semi-structured
around the topics of: What was the model for? Which activities occurred? When did they occur, how
long did they take, and who was involved? What were the information inputs to and outputs from each
modelling activity? Based on these interviews, a timeline and narrative account was developed for
each of the four case studies. General reflections and thoughts on the process modelling work were
also extracted from the interviews. The narratives were then analysed following the principles of
grounded analysis [22]. Following these principles, the text was reviewed and ideas and concepts
within it were identified. For example, the following two sentences were coded respectively as being
about use of swimlanes and responsibilities:
“He [one of the authors] talked about the different skillsets in the room and used this to add
horizontal swimlanes on the wall. Everyone was allocated a swimlane to be responsible for”
The elemental concepts identified were then grouped to generate higher-level categories for organising
the analysis. For example, the use of swimlanes concept was placed in the category tools and notations
used in the modelling process. The 16 categories which were generated are summarised in Table 2.

Table 2. Categories used to analyse the narratives.

When the work took The process modelled Information/ other models Number of tasks/ level of

place available to the modeller detail in the final model

Where the work took Reason for modelling Tools and notations used in | How the final model was

place (e.g. automation) the modelling process used

Who did the modelling | Modeller's modelling Sequence of workshops, Evaluation of the
experience meetings etc. modelling process and

outcome

Who else was involved | Modeller's experience How long the modelling Problems during the

in the modelling of the process domain process took modelling process

process

According to the guidelines proposed by Miles and Hubermann [23], the four case studies were cross-
tabulated against these 16 categories. After re-reviewing the initial coding, the table was populated
with fragments of the text corresponding to the elemental concepts grouped within these categories.
This table was used as the basis for identifying: similarities and differences between case studies, e.g.
all the models included roughly 120 tasks after allowing that the process automation models cover 6
different disciplines; as well as causality between categories within and between case studies, e.g. the
relationship between the modelling activities performed and the total time taken to finalise the model.
These comparisons were used to identify generalisable findings from the four cases and thus develop
insights into how modelling episodes were approached within the knowledge-creation process. The
causal links inferred between categories, based on the evidence gathered and a comparison with
theoretical ideas in the literature — particularly those related to knowledge work — led to the
explanations of these findings as presented below.

5 HIGH-LEVEL FINDINGS
This section reflects upon the analysis results to generate high-level findings, prior to presenting more
detailed and context-specific guidelines for process modelling in Section 6.

5.1 Interactions between Modeller and Domain Experts during Modelling

Knowledge is created through interactions between modeller and domain experts and through the
creation of the model artefact [c.f. 24], whereby knowledge from the various domains is integrated
[25]. Two different types of knowledge sharing were observed to occur in the case studies: firstly
between the modellers and the process experts; and secondly between the process experts themselves.
The objective of the interactions between modellers and experts is to create a boundary object [26] that
acts as a communication mechanism between the various modelling participants. The case studies
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indicated that in order for this to be effective, both modellers and process experts must have a certain

level of common understanding:

e  Process experts need to understand the modelling domain i.e. what is being represented and how
this may be problematic. Even using a flowchart-based notation, which the authors thought
would be relatively familiar to the process experts, in the case studies some domain experts
struggled to distinguish between tasks and information objects. Others encountered great
difficulty in expressing their work processes using this form of notation.

e Modellers need to understand a sufficient amount about the process domain in order to be able to
assimilate the information that they receive from the process experts and represent this in the
model that they are developing. This can be difficult, as modellers rarely have prior knowledge of
the specific process domain before beginning an intervention.

The two-way process of knowledge transfer can be facilitated if individuals involved have knowledge

of both domains. They can either act as knowledge brokers [27] or gatekeepers [28] between

modellers and experts or actually produce parts of the model themselves. In addition, modelling will
rarely start from a “blank sheet of paper”. There are likely to be existing representations of the model
held somewhere (even if tacitly in the experts’ minds) and at some level (even if highly conceptual).

Inevitably new models build on old. This may be a help or a hindrance, if old knowledge that is no

longer relevant has to be unlearnt and discarded.

5.2 Interactions between Domain experts and other Domain Experts during Modelling
Besides the interactions with the modellers, interactions between the process experts themselves were
found to be essential for them to develop a shared understanding of the entire process being modelled
and to confirm and agree the information flows and dependencies between domains. This may create
new knowledge about the process, which is the intention of to-be modelling interventions, and may be
a by-product of documenting as-is processes. These group interactions also create buy-in to the
modelling exercise through the shared discourse involved. One problem observed during the case
studies was that process experts may adjourn from the modelling intervention or episode once they are
comfortable that they understand what is going on and consider that their interests have been
addressed — but before it is complete.

5.3 Role of Group Meetings
The case studies revealed that significant amounts of modelling work can be done by the modeller
meeting with the process experts individually, or in small groups, for an hour at a time. However, the
need for expert/expert interactions means that there must be some group meetings to develop cross-
process domain knowledge and get agreement on the whole model from all stakeholders. The main
issue requiring consideration when organising these meetings is to determine how much more should
be attempted than is absolutely necessary to meet these objectives:

e  Pros of group meetings: It may be difficult to get time from the process experts, so a long
meeting involving most of the process experts could move the modelling exercise on
significantly. Not only will the need for expert/expert interaction be addressed but it may also be
— from the modeller’s point of view — a more efficient way for them to interact with the group,
rather than having to set up a series of individual meetings. From the process experts’ point of
view they may appreciate the opportunity to network with their colleagues.

e Cons of group meetings: On the other hand the more that the modeller tries to do in a group
meeting the bigger the risks involved. Big meetings require greater organisation in order to be
effective. Gathering information about the detail of the model in other people’s areas may not
provide useful information to other experts and so is potentially a waste of people’s time. People
may get de-motivated if the day is too long. These factors all add to the risk that the process
experts may be dissatisfied with the conduct of the meeting and be less enthusiastic in future
about continuing to participate in the modelling process.

Great care must, therefore, be taken to ensure that group modelling sessions are well organised and

disciplined while recognising the tension between rigorously obtaining the information required and

letting the discussion flow.

1-224 ICED'09



5.4 Choice of Tools and Notations
The choice of modelling tools is outwardly the most striking difference between modelling approaches
taken across, and within the case studies. However, in many respects differences in tool choice are
relatively easy to explain if modelling is recognised as a social process of knowledge creation. As in
many other fields, such as information systems development, the tools chosen will be the ones that
best suit the task to be performed and the preferences of their users [29]. The modelling tool used
throughout a modelling intervention will almost certainly change from beginning to end — this was
true in all four of our case studies. The authors’ experience is that significant effort is not involved in
manually transferring models between tools, compared to the total effort of the modelling intervention
overall, especially given our experience that useable models should be kept to under 200 tasks.

The key factors influencing choice of tools and notations in the case studies appeared to be:

e  Speed/ease of model creation/modification. This was a consideration whether the model was
being documented in a meeting or “offline” by the modeller at their desk. Based on the case
studies, only Post-it® notes were suitable for model creation in real-time in a group session.

e  Level of information to be recorded. Post-it® notes were not good for capturing very detailed
information. Specialist software tools were needed for process model simulation, but Microsoft
Excel was adequate for descriptive, flowchart modelling studies of 20 or so activities.

e  Display size. This needed to be big for a group session and was a particular strength of the Post-
it® note approach. Where electronic modelling tools were used, typically this involved A0 plotter
printouts of the model, possibly on multiple sheets, which the participants then wrote on to
indicate their desired changes. Projecting models from a computer onto a wall was found to be
unsatisfactory in most cases and likened to looking at the model “through a letter box”.

e Model sharing. There was often a need for electronic distribution of the model and the means for
multiple people to work on the model. This was a factor against the use of specialist modelling
tools as they were not widely available to all the stakeholders involved in the modelling.

e  Personal preferences of the modeller. This was a subjective factor, where there were a number
of suitable tools (most notably between using Excel diagrams and P3 to construct models in the
ASM notation, with some of the authors preferring one tool and some the other).

5.5 Summary

In terms of elicitation activities, the analysis indicated that generally individual interactions should be
preferred, as they are more efficient for the process experts and lower risk for the modeller. However,
group interactions are essential to develop shared understanding and overall agreement amongst the
process experts. Given the issues of getting time with the process experts, when group sessions are
arranged, there is a tendency to try to do as much as possible, risking losing engagement with some of
the participants. Such sessions must therefore be well-prepared and well-facilitated.

Tools are chosen to best meet the needs of the modelling interaction. Post-it® notes can be very
powerful in early group interactions, given the simplicity and ease with which they can be used. These
advantages are soon superseded by the need for electronic storage and transmission. Specialist tools
may be needed once the focus moves to elaborating the model in order to apply it to the solution of a
specific problem. There appears to be no major impediment to modellers switching between tools as
they develop the detail and sophistication of models.

Throughout it is necessary to recognise that modelling is a social process which has to meet
organisational conventions. The knowledge creation that takes place in these interactions has to be
incremental and contingent (the model may change the process and vice versa). Modellers have to take
care not to try to gather too much information at one time or the wrong level of information too early.
The knowledge of the modeller and that of the participants has to increase together in order for the
modeller to request the appropriate information and the participant to provide it.

6 GUIDELINES FOR PROCESS MODELLING ACTIVITIES

A number of tentative guidelines were developed from the analysis presented in this paper and are
summarised in Table 3. The guidelines are organised according to a three-dimensional classification
scheme that indicates the context in which they should be applied. The first two dimensions, activity
and stage, refer to the structures of the descriptive model described in Section 2.3. The third
dimension, ‘knowledge creation objective’, refers to the purpose of the interaction between modeller
and domain experts and the type of knowledge sought through that interaction.

ICED'09 1-225



anfeA ym widy) Surpraoid jou s1 1 J1 ssad01d

JNOYSNOIY) WSLISNIHUS PUB JUSUIOA[OAUT

Surjjopow 9y} WO MBIPYIM [[IM PUB SIOAUNJOA A[ensn aIe suadxyg syadxa urewop $sa001d Y} UTRIUTRW 0} PIRY JIOA V/N ny nv
-91qissod se A[JuaIonjo
se sp1odxo urewop ss2001d WO A[qR[IBAR W) PAYIWI] dY) 9S() [1om s3unaaw 1onpuod pue 10§ axedard /N 1y v
awm) 1191 198 0) J[NOYJIP S1I1 pue Asnq d1e s11dxa UTBWOP SSA001] (sSunesur usamIaq pue Ul §10q) W) JUSIOLJNS MO[[Y V/N v il
SUTBWIOP JUSIQJIP 119} UdIMIOq SMO[J UOneuLIOjul pue sdiysuone[or ay) (,PaX0Q-3oB[q,, 2q UBD [IEJIP UILUIOP JSOW JWINSSE PUR) | $255200.d ,$.421{}0 7n0OGD
SurpueisIopun Woij sawod sadxd urewop ssad01d oy 10§ on[eA JSOJN | SOUI[IISIP JUSISHIP USIM]IQ SIOBJIOII A UO 2JBNUIOUO)) WD) S112dXD §5220.4 1y nv
suadxa urewop ssaooxd
PuE SIS[[opou §10q Aq FUILIRI] [BIUSWIOUI SOA[OAUT FUI[[OPOUL SSAI0IJ sdoys [ews /sa8e)s ur [opow ay) piing V/N n nv
syuedioned ojdnnu jsguowe
JUSWISAIZE PUB SNSUISUOJ 193 0] [BIUISSI 1M sFundaw dnoin uoren[eAd 10j suoissos dnoid 10jo1g VN ny | amwnpayg
Juowdo[aAdp [opowt SIOp[OYdYe)S $59001d Ay FUIA[OAUL Japout dojaadp sjiadxa YLoMIWD.f
Jo sa8e)s Juonbasqns ‘ur diysioumo so3eInooud pue ‘10j ul-Anq suren) uo1ssas dnoi3 e ur yjomawely [enydoouod ajepifeA | ssado.d puv siajjapopy [pdaduod dojaaa(g | aipnppaz
S[00] U9aM]9q S[opoul SULLIdJsULI) Juads S 10J Aesuadwod
s110dxa urewop ssaoo01d oy yim suonoesojul Ayjenb 1oy | puey ur qol oy 0y oyeridordde jsowr sjoo) Surjjopowr oy} s V/N 1y | aamonug
JIRYIMO]] (aremyjos uonenuwis ay) Aq payroddns jou
o) Sk pue)SIOpUN 0) ASd S 9q JoU AUl SUOISIAA dqeindwo)) "soueyo | SI sIy) 1) [9][eted Ul UOISIOA LIBYOMO[) $S9901d dY) urejurew Jopout ssad0.4d
[opout 0} peaj 03 AJOYI] SI UOISIdA d[qenduiod ay) Jo juawdofara 100} uoneNWIS Js[e10ads © 0) [opow ssad01d 19jsuer) J V/N | 21qvindwod dojaaaq | aanponag
PIIOMAI 0q sjuowgely ssa001d pue spPpow SunNsIxo 1ADYIMO]f
01 padu Aew sjopow Sunsixa pue sosodind oyy1oads 10§ 3[Inq 18 SPPOIA Suruiquoo Ajdwis £q [opowr 03 9[qe 9q 03 30adxa Jou oq V/N ssaoo.d dojpaaq | aumponag
uo 91m ued djdoad [opoud Jo 23pajmorry 1ADY2MO]f
[opout oy Sunepiea pue Juisiaal ur uonedioned sodeimoouyg Jey) [opow ay Jo sino jutid a31ey osn ‘suorssos dnoid ug paviap dojaaap yiog ssaoo.d dojaaaq | aumponyg
(Kiiqepreae uo Surpuadop ‘aremijos Surjjopout Isijerodds e 14DY2MO}f
UOISIAQI S9JB)I[I0B] PUB UONINQLISIP OIUO0II0[ 10J PAPAIN | 10 [99XH-SIA 29 P[NOI) BIPAW OIUOIII[I 0} [9POW JJSUBRI], F/N ss200.4d dojaaa( | aanponyg
‘pueIsIdpuUN 0) SIdP[OYeIS [[e 1) d[durs ap1ys yurodiomo Jopout dojaadp sjiadxa YA0MdUID.1
9q ISNJA "Aym PUB WOYM WO PIPASU ST UONRULIOJUI JRYM SILIR[D) -SIA 9[3uIs & uo 31J p[noys yiomdwey [emdoouo) ssa20.4d pun 4ajjapopy | [pmdasuod dojaaaq | aanponyg
ss220.4d
‘sjutod o13109ds uo [rejop ojul SuroT 10] 9A1I0JJO A1M SMIIAINU] UONRIIONQ 10] SMIIAIDUI 1JA1] UID3] $.12]]2POJN 1y 11157
suadxd [101ap ssa20.4d JADYIMO]f
$59001d 9Y) WoOLJ UoNRWLIOJUT O1J100ds 1o)eS 0) Ae JUSIOLJO ISO]N |  [opou ssa001d oY) UT [1RIOP SY) JLIOR]D 0} SMIIAINUI S} 11D2] $.12]]2POJA ss200.4d dojaaaq 117
‘uonedroned aIniny 10 wseIsnyud splmg amonns ysey oy | japout dojaaadp syiadxa 1Ym0
*9INjONIS PUB JUAIUOD [IPOW Y} JO SUIPURISIOPUN UOWILOD SAYSI[RISH | IIOI[0 0} Saj0U I[-1s0J Sursn uorssds dnoid e yim a3eis uels | ssaooud puv s.a1japop ss200.4d dojaaag 101157
[1e19p JO [9AJ] 1YL Y} (sased  []e ur syse) O INOQe sem Iy} Y- 18) 9q 140Yd2MO]f
18 pay103ds Furaq are syse) Y J1 duruidap 03 syuedronted sy sdjop [11M [opow [eul] oY) parejdp /o31e] moy juoxdn oyewnsg V/IN ss200.d dojaaaq 11157
$sa001d Surjfopowt oy ur (umop uIuop §5220.4d YLOMIWD.Af
Papn[oul 9q PINOYS OYM PUB JBYM JSINO AN} WO} SUTLIANP 0} JNIJI SNO0J UAY) PUR) YPIM 1Ie)S 0) A[OPIM UONRULIOJUI Iy | 110gp uiva] saa1japopy | jpnidasuod dojaaaq no1g
[opowr a1 Jo 039 ad0ds ‘saA1302[q0 upuiop ssado.ad YAOoMAUID.Af
urewop ss2001d oy UIed] 0] 11L)S 0) IO[[OPOW ) J0J ABM JUIIONJS ISOIN AU} SUIULIOIOP O} SMOIAINUI [BNPIAIPUT IIM 1IB)S moq wiva] siajapoy | [pmdoduod dojpaaq 101757
UIdPIND) 10J d[eUON LY uippIng UOYILI 23PI|MouY EX T Apapy

SaINOY Bulljopoyy SS820.d 104 SauljapIing ¢ ajqel

ICED'09

1-226



7 CONCLUSIONS
Process modelling plays an important role in the understanding, management and improvement of
product development processes, however relatively little literature in the engineering design field has
analysed in detail how process models are developed in practice. This paper has argued that such an
empirical analysis of modelling practice can help develop guidelines for modelling which reflect the
problems faced by domain experts while applying tools and methods. We propose that these
guidelines could complement existing, prescriptive methodologies for modelling, by formulating
process modelling expertise in a way which addresses the problems as perceived by domain experts
who are not necessarily experienced in process modelling methods. A number of tentative guidelines
were developed based on analysis of four interventions in Rolls-Royce using a task-network modelling
approach. This represents a very small sample of modelling interventions and, therefore, the guidelines
shown above are presented as preliminary findings of an ongoing research programme. The main
contribution of the paper is presented as the approach to developing these guidelines and the
framework and descriptive model within which they are organised.

To summarise, the main contributions of this paper are:

e  The need for empirically-derived guidelines for modelling to complement top-down, prescriptive
methodologies was highlighted and an approach to developing such guidelines was presented.

e A model of process modelling as a method for knowledge-creation was presented and described
in detail. The model highlights the relationship between progressive, iterative and cyclic
structures alongside different activities and episodes which occur within the modelling process. It
provides a conceptual framework for analysing PD process modelling and knowledge creation
processes in depth.

e  Four case studies of process modelling practice were discussed and analysed using a grounded
analysis technique. This analysis resulted in high-level insights alongside more concrete
guidelines which could support decision-making within the modelling process. The guidelines are
tentative and it is recognised that further case studies and ongoing reflection are required to fully
detail the empirical perspective of PD process modelling which we start to explore in this paper.
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