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Abstract

Capturing a process as it is being executed in a descriptive process model is a
key activity in process improvement. Performing descriptive process modeling
in industry environments is hindered by factors such as dispersed process
knowledge or inconsistent understanding of the process among different pro-
ject members. A systematic approach can alleviate some of the problems. This
paper sketches fundamental difficulties in gaining process knowledge and de-
scribes a systematic approach to process elicitation. The approach employs
techniques from other domains like social sciences that have been tailored to
the process elicitation context and places them in a decision framework that
gives guidance on selecting appropriate techniques in specific modeling situa-
tions. Initial experience with the approach is reported.
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Introduction

1 Introduction

Descriptive software process modeling attempts to determine the actual proc-
esses used in an organization [1]. Descriptive process models are key assets in
the context of software process improvement programs. They describe current
development practices within an organization at a rather high level of detail,
and consequently can help detect weaknesses in the process [2].

A major quality criterion for a descriptive software process model is its accuracy
(i.e., the degree to which the model reflects the actual process), so that any
process-related activities can be based on the process as it is carried out. A
Process Engineer who uses an inaccurate process model, for instance as a basis
for a measurement program, may try to measure activities that are only de-
picted in the model but do not take place in reality.

Process elicitation in industry is complicated by several factors, such as a high
number of different roles in the process, their limited availability, or dispersed
process knowledge. However, little research has been done in developing
methods for capturing descriptive process information.[1] A first step towards
developing such an approach is to adapt techniques developed for similar areas
to the software process elicitation context. To guide a Process Engineer in the
usage of these techniques, a decision framework is required. This paper pre-
sents the development of an approach to systematic process elicitation and
first validation results.

The paper is structured as follows: Section 2 gives an introduction to descrip-
tive process modeling and describes the difficulties a Process Engineer encoun-
ters in capturing real-world processes. Section 3 proposes the structure of a
systematic approach to process knowledge elicitation and introduces its com-
ponents. Section 4 presents a brief validation of the approach. Section 5 dis-
cusses related work. Finally, Section 6 concludes with a summary and outlook.
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2 Descriptive Process Modeling

This section sketches the context in which descriptive software process model-
ing is usually performed in industrial environments.

2.1 Context of Process Modeling

Usually, process modeling is part of a larger process improvement program.
The model may be used as a foundation for measurement, to detect weak-
nesses in the process, or to design a new process based on current practices.
Typically, process modeling is performed by a Process Engineer external to the
target organization.

Descriptions of the actual process [3], i.e., descriptions of how the develop-
ment process actually takes place in reality, are important assets in software
engineering in general and in software process improvement in particular. One
key concept for process improvement is to incrementally incorporate experi-
ence gained and lessons learned from carrying out the process. Capturing the
process as is in an explicit description, in a descriptive software process model,
is therefore a first step. Changes to this as-is process can then be incorporated
into the model, and the updated and improved process can be disseminated to
process participants [2]. The model can be used for a detailed process analysis
to detect weaknesses, to define measurement points in the context of meas-
urement programs, to help define metrics and facilitate data collection, or to
capture experience. An explicit description of the process is also an important
basis for audits, assessments, or certifications. Figure 1 explains the role of de-
scriptive software process models in process improvement and the major steps
in descriptive software process modeling, elicitation of process knowledge,
creation of the model, and review of the model [3].

The schema presented in [4] names the following information to be described
in a process:

e activities, i.e., what is being done,
e artifacts, i.e., what is being used and produced, and
e agents, i.e., descriptions of the responsibilities.

In addition to these, relationships between them, such as product flow, role
assignment, or refinement have to be described.

2 Copyright © Fraunhofer IESE 2001
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Elicit Process
Knowledge

Create Model

Review

Communication

Improvement

Measurement

Figure 1 Steps in descriptive software process modeling

However, what information needs to be mapped onto the model, or the level
of detail to be covered depends on the specific purpose of the model, and its
intended users.

The maijor tasks in developing a descriptive model are elicitation of process
knowledge, formalization of the process knowledge to create a model, and re-
view of the model [5]. Usually, there are rework cycles going from model crea-
tion back to elicitation, for instance, when important information is missing,
and from review to the elicitation step, if it shows that the model is incomplete
or incorrect. The elicitation step is the first one in process modeling on which
the other steps build. Thus, the result of the elicitation step is crucial.

Typical information sources for software process knowledge reported in the lit-
erature are analysis of process artifacts, observation of process performers, and
interviews with Process Performers (see, for instance, [3]).

Analysis of Process Artifacts. Analysis of artifacts refers to examination of
artifacts produced by a group under study. In the case of process elicitation,
two categories of artifacts can be distinguished: Process artifacts and process
documentation.

Copyright © Fraunhofer IESE 2001 3
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Process artifacts are the artifacts developed as intermediate or final products in
the process. Process artifacts provide evidence for the actual process. Examples
of process artifacts are requirements or code documents. Process artifacts can
give information about themselves, their contents, and their structure. Rela-
tionships between the artifacts and the activities producing these artifacts are
sometimes included.

Process documentation refers to documents that describe how the process is
to be performed and what needs to be done to obtain the expected results.
Examples for process documentation are process handbooks or project plans.
Process documentation has the advantage that it usually describes the relation-
ships between different information entities, such as which documents an ac-
tivity should produce, or which role is supposed to perform an activity. How-
ever, process documentation gives information on the official process [3] (i.e.,
the process as it should be performed). This information does not necessarily
have to match the actual process.

The major strengths of using existing documents are that they can be reviewed
repeatedly, and that they are unobtrusive [6].

Observation of Process Performers. Observation refers to the selection and
recording of a set of behaviors in their natural ‘environment’. One major prob-
lem of observation is that only those events that occur during observation can
be captured. In addition, observation is often perceived as obtrusive.

[7] describes how observation of Process Performers was used to find out
about the actual process. [8] propose to use data collected on the events of an
executed process to discover the behavioral aspects of the process. However,
this assumes that people already collect data on the process and know what
data to collect.

Interviews with Process Performers. Interviews with Process Performers are
flexible with respect to information content and level of detail. However, Proc-
ess Performers can only report on their view of the process.

2.2  Problems in Process Modeling
Literature sources (for instance [3]) describe possible sources for process infor-
mation. But they do not provide details on how to extract the process knowl-
edge from these sources, what techniques to use to exploit them, or under

which conditions to exploit which type of information source.

One characteristic of software processes is that they are creative, human-based
processes. Other than most manufacturing processes, where always the same
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product is being produced — apart from minor modifications —, software proc-
esses deal with individual solutions.

Some of the problems that often make software process elicitation in industrial
practice difficult include:

Copyright © Fraunhofer IESE 2001

P1: Knowledge about the process is dispersed within the organization due
to the complexity of software development. This complexity implies that a
high number of Roles is involved, each of them with very specific tasks in
the process, and each of them is only involved in a fraction of the overall
development process. [9] It is impractical to interview everybody involved in
a process. Thus, sampling strategies for interviews are needed.

P2: In large teams, especially different parts of the software process may be
performed in different geographical locations. This makes it more difficult to
get a consistent and complete picture of the development process.

P3: Depending on their roles in the process, different Process Performers
have individual views of the process [9]. Union of the views may lead to an
inconsistent global picture. This is especially the case when the process is
very complex, and when the different Process Performers are exclusively in-
volved in their parts of the process.

P4: Some process steps are performed very seldom. Observation of such
process steps cannot be planned, and Process Performers tend to forget
about these steps or are not able to report them accurately.

P5: Process Performers may leave out aspects of the process [10]. Often,
Process Engineers may not be aware of getting incomplete information.
Thus, it is very important that Process Engineers have some background in-
formation so that they can assess the information provided by Process Per-
formers.

P6: Access to Process Experts is difficult to obtain [11]. Experienced Process
Performers are not only the most favored interview partners for process
elicitation, but the more experienced Process Performers are, the more they
are involved in projects, and the tighter are their schedules, and the more
difficult it is to arrange interviews with them.

P7: Process Engineers from outside the target organization do not know the
organization well enough to judge who is the right expert to provide the in-
formation needed. Badly selected interview partners may give inadequate
information (such as process steps other than those asked for, or the Proc-
ess Performer may not be able to provide the knowledge at the level of
granularity requested). On the one hand, this is wasted effort for the people
interviewed; on the other hand, this usually leads to additional cycles in
modeling and review.

P8: External Process Engineers, being unfamiliar with the company-specific
terminology, may misinterpret information and develop an inaccurate proc-
ess model. The more detailed the process information, the more difficult it
is to interpret it in the right context.
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The problems mentioned above lead to incorrect or incomplete process mod-
els, or models that do not fully suit their intended purpose. Such models cause
additional effort from both Process Engineers and Process Performers for re-
interviews, modifications, and additional reviews.

Thus, process elicitation needs to be performed in a way that is efficient for
Process Performers and for the Process Engineer, meaning it avoids inefficient
interviews (for instance, because a Process Performer is interviewed who can
not give the information required) and rework (i.e., re-interviews, modification,
and additional reviews) because of misunderstanding or incomplete informa-
tion and additional review cycles.

In practice, process elicitation as currently practiced depends very much on the
skills and experience of the Process Engineer performing the modeling task. A
systematic approach to process knowledge elicitation is needed to alleviate
some of the problems mentioned above, and to make software process elicita-
tion efficient for Process Experts and less dependent on the skills and experi-
ence of the Process Engineers. The next sections describe some techniques and
how they were developed, as well as a decision model that could make them
available in practice.
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3 Method

3.1

Figure 2

Design

Overall Framework

Method Design

A large number of the problems reported in Section 2 can be alleviated if a
Process Engineer already has some background knowledge on the organization
before getting involved in details of the process. Thus, process elicitation
should be performed in two stages: process familiarization and detailed elicita-
tion [11], as depicted in Figure 2. Figure 2 details the descriptive process mod-
eling step as described in Figure 1. To each of these stages, appropriate tech-
nigues have to be associated.

Process
Engineer

process
overview

process
familiarization

Manager

o
D

Process elicitation

Process
Engineer

Project
plan

terations

N

(T1,T2,...)

Partial or complete process
model

Information source

detailed
elicitation

nt

process
model

(T3, T4
do Design T5,...)

order of steps

— product flow

The aim of the process familiarization phase is to obtain an overview of the
process and its general structure. Typical human information sources in this
situation are Managers and Quality Assurance people. Documents helpful at
this stage include process handbooks or project plans that give an overview of
the process. In this stage, techniques that give an overview of the process are
mainly used for knowledge elicitation (T1, T2, ...). The techniques have to be
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mainly used for knowledge elicitation (T1, T2, ...). The techniques have to be
characterized with respect to their scope (i.e., what type of knowledge can
they elicit) and under which circumstances they are to be used. Having an
overview of the process can facilitate elicitation in the later stages and relieve
some of the problems described above. For instance, an overview of the proc-
ess can help determine which roles need to be asked (P1), or may help the
Process Engineer understand where inconsistencies in process understanding
result from (P2). Process familiarization can alleviate problems related to not
knowing the target organization (P7), (P8). The result of this stage is an over-
view of the process structure, such as the major activities and artifacts, and
possibly the product flow among them.

In the second phase, the detailed elicitation phase, the Process Engineer tries to
obtain details on the process, such as detailed descriptions of activities or arti-
facts. During this stage, example artifacts from the process can provide valu-
able information. Typical human information sources are Designers or Devel-
opers, i.e., roles that have a very detailed view of their part in the process.
Typical documents to look at are example documents, such as requirements
documents, design documents, or code documents. Techniques employed in
this stage (T3, T4, T5, ...) are mostly techniques that allow to obtain in-depth
information.

3.2  Method Design

To further fill the framework described in the previous section, concrete tech-
niques have to be defined.

Process elicitation is done over many iterations. In each iteration step the proc-
ess model is further refined, completed, or inconsistencies are removed from
the model. In each iteration step, a Process Engineer must decide what infor-
mation is missing in the current version of the process model. Accordingly, he
has to select a technigue and source that allow him to elicit missing informa-
tion to further complete the process model.

As process modeling projects and their contexts differ a lot from one another
regarding issues such as their goals, the requirements for the model, or the en-
vironment in which process modeling takes place, it can not be expected that a
single procedure or a deterministic algorithm describing the order of tech-
nigues to apply will be adequate to suit every process modeling project.

Instead, a systematic approach to process elicitation will rather consist of a set
of techniques specifically designed or tailored to software process knowledge,
and a set of heuristics or guidelines (collectively called a decision model) de-
scribing when to apply which technique and what the expected outcome is.
For instance, a Process Engineer who has no further information on the overall

Copyright © Fraunhofer IESE 2001
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process will most likely not be able to use information on the details of a cod-
ing activity, as the overall context of the activity is unclear to him.

The major factors determining whether a technique can be applied depends on
what knowledge is already available, what knowledge is still missing, and the
information sources available.

Thus, to systematically describe a software process elicitation method, the fol-
lowing components are used:

e A schema describing what the building blocks of the method, i.e., the tech-
niques used in the method have to look like. This schema allows to charac-
terize the interfaces between different building blocks, and it allows to ex-
tend the method by developing new building blocks.

e A schema that allows to classify process information to describe process
models in terms of completeness as well as knowledge that still needs to be
elicited.

e Concrete building blocks to instantiate the framework for the method.
These building blocks may be domain-specific.

3.3 Techniques

Knowledge elicitation from artifacts and interviews with, or observation of,
Process Performers has been done in other disciplines. Qualitative research
methods refer to research procedures that produce descriptive data: people’s
own written or spoken words and observable behavior [12].

Qualitative research techniques have been used for a long time, especially in
social sciences. In addition, these techniques have been tailored to other, more
technical, contexts, for instance, Software Engineering [13], or in Expert Sys-
tem design. Thus, experience does not only exist with respect to the usage of
these techniques, but also regarding the tailoring and adaptation of the tech-
niques to other contexts.

To develop a systematic approach to software process elicitation, techniques
from other disciplines have to be (and in part were) explored for their applica-
bility to software process elicitation.

A field that has tailored qualitative research techniques to solve its own prob-
lems in @ more technical context is the Knowledge Acquisition (KA), i.e., ‘the
activity of gathering knowledge for especially knowledge-intensive pro-
grams’[14].

Copyright © Fraunhofer IESE 2001 9
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Techniques that have already been employed in the KA context are therefore
good candidates for tailoring to a method for systematic knowledge elicitation
in the context of software process modeling.

Process elicitation techniques are not only needed to elicit knowledge from dif-
ferent sources, but also for different stages of process elicitation, requiring dif-
ferent types of knowledge, and different degrees of detail. These adapted
techniques take into account the specifics of software processes and software
process knowledge.

3.4  Schema for Building Blocks of the Method:

10

To select the most promising techniques applicable in their current context,
taking into account characteristics of the software process and the organiza-
tion, Process Engineers need heuristics.

The applicability of a technique depends on:

e what stage the technique is intended to cover,
the type and detail of knowledge that should be elicited in the next step,

e the information sources currently available, and possible techniques to ex-
ploit these sources,

e premises for using a technique (for instance, a technique may require a
Process Engineer to have background knowledge on the process, as pointed
out by P5, or needs to know the organizational structure),

e which role or artifact can provide the knowledge needed (e.g., a Manager
or a Tester will not be able to provide detailed information on activities and
artifacts related to requirements specification). This may require sampling
strategies (see 1) (Source),

e possible risks of applying a technique. For instance, when using techniques
that involve human experts, they report their own view of the process —
which may be different from the actual process (see P3) (Risks).

Process knowledge is difficult to describe in terms of completeness. Complete-
ness of process knowledge is difficult to judge, as there is no ‘reference body
of knowledge'.

However, what can be described more precisely is the type of information elic-
ited (i.e., can the technique elicit information regarding activities or artifacts)
with respect to its usage in the process model. One way to characterize soft-
ware process knowledge is to map process knowledge onto existing software
process modeling schemas, such as the one described and implemented in the
Spearmint tool [15]. This schema describes the major information entities of a
process model, i.e., activities, artifacts, roles, as well as the relationships prod-
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uct flow, role assignment, and refinement of these entities. To further describe
a process, it is possible to attach user-defined attributes to the process entities.

Within this framework, process knowledge can be further classified according
to semantic properties. For instance, process knowledge could be classified as
‘a detailed description of an activity’. Employing such a schema, it is possible to
describe in terms of schema elements what information is already captured in
the model and what information is missing. In addition, using defined tech-
niques allows tracing the different steps followed in elicitation, and the inter-
mediate results.

An additional benefit of tying the process knowledge to be elicited to a process
modeling schema that is implemented in a tool is that the technique allows
tracing process knowledge down to the process model. Another extension of
the elicitation method is that it can be directly coupled with the tool.

A technique used in the approach could look like the following:
Technique: Focused Discussion based upon Process Model Diagram
Source: Human Process Expert

Stage: Familiarization

Description: Structured interview that focuses on structural properties of the
process (e.g., product flow, control flow). During the interview, the Process
Engineer develops a graphical representation of the process according to the
information provided by the interviewee. The diagram is discussed with the in-
terviewee, and possibly refined further. This technique is applicable to elicit
structural properties of the process.

Derived from: Focused Discussion. A focused discussion is a structured inter-
view where the topic of the interview centers on a specific type of information
such as situations, artifacts, or diagrams [5],[16]. A focused discussion related
to process artifacts can help elicit details regarding the artifact, who was in-
volved in producing the artifact, what are the steps, who uses the artifact as
input, etc.

Knowledge required to start: none; this technique is suitable for early stages
of process elicitation, to obtain an overview of the process structure.

Type of knowledge elicited: activities, artifacts, product flow, control flow
between activities

Granularity: overview of process

Copyright © Fraunhofer IESE 2001 1 1
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Additional material: none

Remark: This technique is especially suited to give an overview of the process
structure in the early stages of elicitation. The structure of the process model is
a very good starting point to elicit more details on the different process enti-
ties.

Risks:

e Process Engineer uses a notation that is not familiar to Process Performer.

e Since the Process Engineer has no background knowledge the Process Per-
former can dominate the interview.

* Process Performers confound the official process (as may be described in a
handbook) with the actual one (the one taking place in reality).

* Interviewees may report the official process, because they think this is what
the interviewer wants to hear .
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4 Validation of Methodology

When validating a process modeling approach, one has to be aware that the
quality of the resulting model and the efficiency of the modeling process may
be influenced by factors other than the method itself. One of these factors is
for instance the experience of the Process Engineer: An experienced Process
Engineer without an explicit method may achieve a model of higher quality
than an inexperienced Process Engineer with a sophisticated method.

Thus, the best way to evaluate knowledge elicitation technique is to use case
studies. Although case studies cannot prove the applicability of a technique
under all possible circumstances, they are a good means to show the capability
and deficiencies of a technigue in one situation.

4.1 Experience with Approach

This section presents a first case study where process elicitation was done fol-
lowing the approach described above. The process model was to describe the
major activities, artifacts, and roles in the development process, as well as
product flow and role assignment.

In this case, little background material on the process was available in the be-
ginning. For process familiarization it was therefore essential to first obtain an
overview of the structure of the process, i.e., the relevant activities, artifacts,
and the product flow between them. Thus, it was decided to use a focused
discussion, based on a diagram to obtain background knowledge of the proc-
ess.

We used this technique in a group interview involving five developers. In the
interview, we first asked for the relevant activities, then for each of the activi-
ties, the artifacts related to them. For activities and artifacts we had used a very
simple notation: paper notes of different shapes. These were put up on a
whiteboard. Product flow could be easily drawn between those process enti-
ties. Using a whiteboard facilitated discussion and modification of the process
model. One problem was that the picture soon became too large and complex,
resulting in an unclear, cluttered picture. The technique proved to be very well
suited to obtain a good overview of the process structure. In addition, the fo-
cused discussion showed to be very useful as a group technique. The Process
Engineer was rather the moderator of the group than an enquiring interviewer,
as the group discussion had synergy effects. One major advantage of the
group discussion was that inconsistencies in the Process Performers’ under-
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standing of the process (e.g., developers’ opinions differed with respect to
whether a certain artifact was needed in an activity) could be discussed and re-
solved directly. The information gained from the group discussion reflects more
than one person’s view. The group interview also increased the Process Per-
formers’ understanding of the process.

[12] describe that a major risk of all group interview techniques is that people
cannot be expected to say the same things in a group that they might say in
private. When using this technique for Process Elicitation, Process Performers
may not report the actual process for fear of consequences when their superi-
ors are present. In our case, this did not happen. Individual interviews that
were conducted afterwards did not reveal differences to the process model
elicited in the group interview.

One problem we encountered was related to the difference between product
flow and control flow that was often confused. Whereas product flow only
denotes which artifacts are used and produced in which activities, this does not
necessarily determine the exact order, the control flow, of activities. This ex-
perience will be incorporated into the next version of the decision model as a
risk.

The process knowledge gained using this technique showed to be a good
foundation for further detailed interviews. Furthermore, due to the good over-
view, sampling of interviewees could be done fairly easy — based on their roles
in the process (see P1). These roles had been identified in the first stage of
process elicitation.

During the detailed elicitation stage, the process model was further refined. It

showed especially, that there were very few inconsistencies that had to be re-
solved, as the overall structure of the model was clear.

Copyright © Fraunhofer IESE 2001
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5 Related Work

This section describes frameworks that have been developed for the elicitation
of software process knowledge. [17] describes the Elicit approach, a general
strategy to develop descriptive software process models. The approach gives a
good general overview of the core steps of elicitation - comprising activities
such as understand the general organization, plan the elicitation strategy, and
elicit the process knowledge needed. The elicitation step is based on document
analysis: reading and identifying the structure of selected process documents.
However, Elicit does not take into account that the majority of process infor-
mation is typically provided by Process Performers. In addition, more detailed
technigues are missing in the Elicit approach.

[9] introduces an approach called Multi-View-Modeling, consisting of three
steps. In the first step, different role-specific process models, so-called views,
are developed. In the second step, the different views are checked for similarity
and consistency. After resolving potential inconsistencies, the views are inte-
grated to form a comprehensive software process model in a third step. How-
ever, the approach does not give hints on how to systematically obtain the
knowledge needed to create the different views of the process model from the
various process experts.

[18] describes a strategy to develop (business) process models in his process
modeling cookbook. The method suggests that a process modeler should
gather as much initial information from conversations with process participants
and should leave aside any official documents and verbal support. The process
modeling cookbook claims that official process documentation may be
misleading. For process elicitation, the author suggests using interviews.
However, the techniques described in the cookbook focus on the creation of
the model, and not on process elicitation.

[8] suggest capturing data from events that take place during the software
process, whereas an event is anything that can be observed in the course of
the process. However, the approach does not describe how to systematically
evaluate those events to come up with a description of the process.

Copyright © Fraunhofer IESE 2001 1 5
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6  Summary and Outlook

This paper describes the situation in descriptive software process modeling and
the need for a more systematic approach to software process elicitation. The
design of a more systematic approach is sketched. This approach consists of a
set of techniques and a set of selection criteria for each of the techniques. The
techniques are adapted from other fields that have already used knowledge
elicitation in similar contexts. The selection criteria describe the context under
which a technique is likely to be successful, what type of knowledge it is able
to elicit, what type of background knowledge is needed to apply the tech-
nique, and what are possible risks when applying the technique. The selection
criteria take the specific problems of software process elicitation into account.

This approach is a first framework towards more systematic process elicitation.
Although software process knowledge cannot be characterized with respect to
its completeness, since a reference body of knowledge is not available, knowl-
edge can be characterized with respect to its type, and — to some degree — its
level of detail. One means for this characterization is to use an existing process
modeling schema. Other factors that have an impact on which technigue to
apply are formulated as entry criteria and risks.

As software process elicitation deals in large parts with humans, process elicita-
tion will always need a high degree of flexibility. Using this approach allows
analysis of the approach and learning. The structure presented here is a first
step towards more systematic process elicitation. However, an important as-
pect will be to incrementally extend the approach. Criteria may have to be re-
vised or refined, as more experience in the application of the techniques is
available.
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