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Abstract

Eliciting process models from software projects is a first
significant step towards process improvement. In this
paper, we present a method called Elicit, for eliciting
software process models from industrial software envi-
ronments. What is significant about this method is that
it has evolved from an intuitive state — the state that de-
fines the immaturity of current elicitation methods — to
a formally defined, repeatable, effective and quantified
state. Over the last two years of its usage, the method
has been used to elicit models from three industrial-
scale processes: preliminary analysis, requirements en-
gineering, and product planning and dependency man-
agement. The example given in the paper focuses on
the requirements engineering process.

Keywords: Process model elicitation method; Method
evolution; Process modelling; Software process models;
Process improvement; Industrial-scale case studies.

1 Introduction

There is a general recognition, both in academia and the
software industry, that improving software processes is
important for building higher quality software prod-
ucts, on time, and within budget. Also, there is a school
of thought that one way to improve processes is to first
elicit descriptive models of the enacted processes, make
appropriate changes to these models, and reflect these
changes in the enacted processes [12].

In this paper, we focus on the first of these steps,
that of eliciting process models from software projects.
The specific question addressed here 1s: How should one
go about eliciting a process model?

*This research was, in part, supported by NSERC, Canada,
and IBM Canada Ltd., Toronto.

This is an important question to answer because the
method used to elicit process models will have direct
impact on the quality of the resultant models, their
deliverability, and/or the cost incurred during elicita-
tion. In turn, poor quality descriptive models would
clearly not be a sound starting point for any subsequent
changes, or for certification, training and other such ac-
tivities. Similarly, delayed models, even of high quality,
often result in the disruption in, and in the worst case
cancellation of, follow-up process projects dependent on
the timely delivery of elicited process models. The cost
factor is also important to consider during elicitation
because of finite resources.

Examining published literature, one finds descrip-
tions of several efforts, especially in industry, on defin-
ing software processes, for example, at Texas Instru-
ments [5], IBM [15], Software Engineering Institute [10],
Paramax [4] and AT&T [16]. However, some of these
efforts were directed at building prescriptive models
without first eliciting descriptive models. These efforts
were thus major re-engineering efforts, often disregard-
ing current practices in the organisations. Many other
organisations have described their processes, formally
or informally. However, no recognised methods were
used during elicitation. Consequently, it is difficult for
others to reuse these approaches in future projects.

From all these experiences, one can conclude that
currently there are no published methods on how to
elicit process models from software projects. This is
the gap this paper aims to fill.

In analysing the elicitation problem one should note
that:

e The software development environment in which
the process is enacted can be quite large, complex
and in one of many different states.

e FEliciting a model of the process is more than just
modelling the process using a process modelling



tool.

e The model of a given process has characteristics
such as depth, scope, perspectives, etc.

e The elicited process information can be voluminous
and thus needs to be managed adequately.

Thus, the problem of eliciting a process model is non-
trivial.

Our proposed solution to address this problem is em-
bodied by a meta-model of three key dimensions: View,
Method and Tool. The View dimension consists of five
different perspectives of a process: Process Steps, Arti-
facts, Roles, Resources and Constraints. A process model
may be elicited from any of these perspectives, and can
be viewed in terms of its static and dynamic proper-
ties. The Method and Tool dimensions consist of a set of
steps and a tool-set, respectively, for eliciting and mod-
elling a process. The method and tools can be applied
to any perspective, thereby producing process models
from different perspectives (e.g., activity view, artifact
view, role view, etc.).

Our method, called Elicit, covers the aspects of char-
acterising the environment, identifying process mod-
elling goals, planning for elicitation, eliciting process
information from numerous sources, synthesis of this
information into a formal process model, validation,
and analysis of the elicited model. The current tool-
set used to support the Elicit method consists of a pro-
cess elicitation tool (being developed at McGill), and
Statemate! [6].

Following a pilot study, we have applied our ap-
proach in two industrial scale projects. In the first
project we elicited a model of a requirements engineer-
ing process; in the second project we elicited a product
planning and dependency management process. The
examples given in this paper are taken from the first
project. Detailed examples of the requirements engi-
neering process model can be found in [7], and examples
of the model of the product planning and dependency
management process were used for a hypertext demon-

stration published on CD-ROM [7].2

Organisation of the Paper. The next section de-
scribes some background material. Section three de-
scribes the Elicit method. Section four reports about
an example use of the method. Section five describes
how the method has evolved over two years. Section
six compares the Elicit method with related work. Fi-
nally, section seven concludes the paper and lists some
observations.

1Statemate is a trademark of i-Logix, Inc., Burlington, MA,
USA.

2This demonstration can also be obtained via anonymous ftp
from ftp.cs.mcgill.ca (132.206.51.2), /pub/labs/softeng/dirk.

2 Background

2.1 The State of Process Descriptions

Many organisations, especially large ones, have process
descriptions, generally in a natural language form. Of-
ten, such descriptions can amount to twenty to thirty
volumes, each for a particular process area in the soft-
ware life-cycle. Below, we reproduce as a small exam-
ple, an organisation-specific passage defining part of the
step Ezecute which is a sub-step of the step Validate in

the organisation’s requirements engineering process.

“It 1s very tmportant to ensure that the correct target market
segment 1s being surveyed when identifying participants. In most
cases, all affected organisations should be invited to the Validate
sesstons to hear unfiltered Customer input. ...

There are two inputs that will be gathered during the session:

o Importance - This is a rating of how important the solution
15 to the Customer. ...

o Satisfaction - This is a rating of how satisfied the Customer
15 with the solution that is being validated. ...

The tmportance and satisfaction ratings will be used to determine
if the solution being validated should return to Analyze for fur-
ther work, or if 1t 1s ready to be prioritized during the Prioritize
subprocess.”

No doubt, such informal process descriptions are use-
ful for obtaining a general understanding of a process.
However, they give no specific guidelines for engineer-
ing requirements in a given software project, aside the
fact that they are often ambiguous. Such descriptions
can thus lead to difficulties in, for example:

performing the process properly,

managing the process,

training process performers or engineers,
measuring and analysing the enacted process,
changing the process,

setting process standards across several projects,
making precise comparisons with other processes,
automating parts of the process, and

inserting tools into the process.

Such difficulties must then affect the quality of the
products of a process, and process costs.

2.2 Industrial Process Modelling Ef-
forts

Still, there are an increasing number of industrial ef-
forts aimed at building formally defined software pro-
cess models. We describe thee such examples.
Researchers at IBM conducted site studies at eight
large-system programming development locations. In
particular, the work carried out at the development
sites was reviewed in order to understand how the soft-
ware is being developed, propagate better alternatives
across the sites, and help the sites in the evolution of



a consistently repeatable discipline for developing soft-
ware [15]. The analysis of the findings resulted in a
process definition in the ETVX notation.

At the Software Engineering Institute (SEI), re-
searchers built descriptive models of processes used by
the US Department of Defense [10]. The information re-
garding the process was elicited through interviews and
through examining the applicable regulations. To or-
ganise and synthesise the gathered information, a struc-
tured narrative description of the major process steps
was developed. This was then modelled using State-
mate from functional, behavioural and organisational
perspectives.

Another example is that of Texas Instruments’ (TT)
corporate-wide software improvement study to define
and document a process representing a reasonable com-
bination of generally accepted practices [5]. By exam-
ining smaller units of information and defining the pro-
cess in terms of the basic information units or artifacts,
TI was able to create a process definition which could
be correlated to all of the examined process definitions.

Each of the described studies can be categorised in
a different way. The SEI study dealt with building a
descriptive project-specific process model from an en-
acted process. The TI and IBM studies both led to a
prescriptive generic process model. The TI study de-
rived the model from various other prescriptive generic
process models, whereas the IBM studies investigated
enacted processes.

In addition, the IBM study describes explicitly the
meta process used to elicit the process model, but
this process description is coarse grain. The SEI re-
port does not contain explicit information about the
meta process; 1t summarises experiences and concen-
trates mainly on the usage of appropriate modelling
formalisms and tools. The TI study did not define a
meta process, and in part this contributed to running
down a number of blind alleys.

These experiences, in conjunction with the complex-
ity of eliciting process models lead us to our investi-
gation on a methodical approach for eliciting process
models.

3 The Elicit Method

3.1 Overview

Our approach to eliciting process models is charac-
terised by three key dimensions: View, Method and
Tool.

The View dimension represents the different perspec-
tives from which one can elicit or view a process. We

used five types of perspectives: Process Steps, Artifacts,
Roles, Resources, and Constraints. For each of these,
three properties were considered: descriptive, static and
dynamic, thus giving many process views. Each view
of the process (that is, perspective x property) is de-
scribed by a set of attributes (see Table 1). For ex-
ample, the static view of artifacts is described by the
following attributes: input to process steps, output from
process steps, input to external user, output from exter-
nal source, owned by role, controlled by constraints and
contains artifacts. Each of these attributes represent
specific process information when elicited.

The Method dimension is characterised by the Elicit
method, described by the following key steps: (1) Un-
derstand the Organisational Environment, (2) Define Ob-
jectives for eliciting a process model, (3) Plan the Elicita-
tion Strategy, (4) Develop Process Models, (5) Validate
Process Models, (6) Analyse Process Models, (7) Post-
Analysis of the usage of the method and (8) Packaging
of the experience gained.

The Tool dimension is characterised by the two tools
we have selected: Elicit and Statemate.

The Elicit tool, which is being developed at McGill,
has a built-in knowledge of software process perspec-
tives and properties. Its design is aimed at eliciting
process information, at the front-end of the elicitation
process. A process view 1s modelled as a hierarchy,
where each element in the hierarchy is described by a set
of attributes in the View dimension. Each attribute can
be filled with actual process values from given projects
and can be linked to an ASCII file containing additional
descriptions. To guide the elicitation process, each at-
tribute is associated with a specific question that is dis-
played in the command line while editing the attribute
value.

Statemate is a commercially available system design
and analysis tool. It provides a set of features origi-
nally designed to support the development of reactive
systems such as avionics systems, communication and
control systems, and interactive hardware or software
[6]. Statemate provides editors to model the functional,
behavioural and structural aspects of a system. In ad-
dition, Statemate provides a set of tools for analysing
models with respect to completeness and correctness,
simulation of statecharts and their associated activity
charts, queries on textual elements, and generation of
reports and plots. In his applications of Statemate,
Kellner [8, 10] has demonstrated a way of using State-
mate for modelling processes.

In our case studies, guided by the Elicit method,
we used the Elicit tool to gather and structure pro-
cess information from the described five perspectives.
This information was then used as input to Statemate



Perspectives descriptive property

static property dynamic property

identifier

achieves goals

has purposes

specified-by procedure

sends messages

receives messages
characterised by measurements

Process Steps

requires entry conditions
fulfills exit conditions
assumes states

input artifacts

output artifacts
performed by roles
owned by role

needs resources
controlled by constraints
contains process steps

Artifacts identifier input to process steps assumes states
has purposes output from process steps
stored in formats input to external user
is of artifact-type output from external source
characterised by artifact-description owned by role
controlled by constraints
contains artifacts
Roles identifier performs process steps
has permissions owns process steps
has obligations owns artifacts
requires qualifications manages resources
contains roles
Resources identifier allocated to process steps assumes states

is of resource-type
characterised by resource-description

managed by role
contains resources

identifier
is of constraint-type
characterised by constraint-description

Constraints

controls process steps assumes states
controls artifacts

contains constraints

Table 1: Process modelling attributes

to perform complementary activities of modelling the
static and dynamic aspects of the process.

This paper focuses on the Method dimension of our
elicitation approach. The View and Tool dimensions
are described in detail in [7], and experiments with the
Elicit method are described in [13].

3.2 Steps of the Elicit Method

A formal description of the Elicit method is presented
in Figure 1. The figure, an activity chart created us-
ing Statemate, depicts the steps and dataflow amongst
these steps, where boxes represent process steps, solid
arrows represent dataflow, and dashed boxes represent
external agents.

Step 1: Understand the Organisational Environment

The main objective in this step is to obtain a basis
for a realistic definition of objectives upon which the
rest of the elicitation process can be based. The key
input to this step is the Organisational Knowledge and
the key output is Documented Context considered useful
for the elicitation task.

Example 1ssues of interest in this step are:

e Organisational issues 1dentifying the structure of
the development environment, size and structure of
developing teams; roles played by developers and
process engineers; the type and quality of process
information various people can provide; the cus-
tomer who receives and validates the elicited mod-
els; etc.

e Process issuesidentifying the processes to be exam-
ined; type and state of the current processes (in-
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Figure 1: The Elicit method

tuitive, informally described, formally modelled);
ete.

e Project issues identifying the state of the soft-
ware projects (embryonic, early post-release, near-
ing the end of its life-span, etc.); sizes and types of
the software products; delivery cycle-times; etc.

Such issues are critical for understanding the context,
priority, choices, alternatives, etc., within the environ-
ment. They form a solid basis for determining or nego-
tiating the objectives of eliciting process models.
Step 2: Define Objectives

In this step, one should define a set of objectives for
the elicitation task so that later on they may be used to
measure the quality of the elicited process models and
that of the elicitation process. Using the Documented
Context, the output of this step is a set of Defined Ob-
jectives.

There are two main types of objectives to be consid-
ered:

e Model-oriented objectives: the software process
components to be elicited; granularity of the soft-
ware process models to be built; and the degree
of consistency, completeness, accuracy and clar-
ity that should be achieved in the software process
models that are built.

e Project-oriented objectives: acceptable elicitation
cycle-time and cost; and the available human and
computing resources.

These objectives are critical in directing the rest of the
process of elicitation. Fuzzy or ill-defined objectives
often result in backtracking to the earlier steps at sub-
stantial cost.
Step 3: Plan the Elicitation Strategy

Based on the defined objectives and the documented
context, the aim in this step is to develop an elicitation
plan and to allocate appropriate resources in order to
achieve quality models within budget and time.

Some of the key issues in planning for elicitation
are identification of the detailed scope of the elicitation




task; identification of risks and deliverables; selection of
elicitation methods and tools; scheduling of interviews,
demonstrations, discussions, reviews and clarification
sessions; and allocation of computing and human re-
sources.
Step 4: Develop Process Models

Here, we elicit process models according to the Doc-
umented Context, Defined Objectives, Elicitation Plan,
and the Validation Report from step 5. The exit cri-
teria for this step include fulfillment of the objectives,
consistency of the process models with respect to static-
semantic aspects, and adequate and correct coverage of
the available process information. However, backtrack-
ing to step 1 may be necessary in order to obtain an
improved understanding of the organisational environ-
ment, to step 2 in order to redefine the objectives, or
to step 3 in order to re-plan elicitation strategies.

This step is decomposed into three substeps: Elicit
Process Information, Translate and Review Models. All
the inputs to the parent node should also be available
to these substeps.

In the step Elicit Process Information, we draw out
process information, specified by the attributes in Ta-
ble 1, from various sources. Additional inputs to this
step include Process Information from the organisational
environment, the Review Report from the step Review
Process Models and Information Requests from Translate.

Examples tasks in this step include:

e reading process and other documents, and prepar-
ing questions for eliciting process information,

e identifying process details from documents, discus-
sions and interviews,

e conducting discussions with practitioners, process
experts and managers to clarify ambiguous or mis-
understood issues, and

e improving process descriptions with respect to con-
nectivity, completeness, accuracy, granularity, etc.

The Process Information drawn out is then translated
into a structured and well-defined representation sup-
ported by the Elicit tool and Statemate. However, one
should ensure the congruence of the models developed
using Statemate with the process information in the
Elicit tool and, in turn, with the source information.
Thus, the Review Report may cause backtracking to the
steps Elicit Process Information or Translate. If process
experts are participating in this step, it can be executed
in parallel with step Elicit Process Information.

Step 5: Validate Process Models

Once the process models have been built, they should
be validated and approved formally by the recipient.
This includes checks such as whether the model accu-
rately represents what 1s documented as Process Infor-
mation or whether it reflects the enacted process in an
appropriate way. Other matters such as complexity of
the models developed and perspectives addressed are
also examined. The Defined Objectives and the process
models represented in the elicitation and analysis tools
are also used in this validation process. The Validation
Report specifies the discrepancies found, which are fed
back to Develop Process Models. This step completes
the core aspects of the Elicit method.

Step 6: Analyse Process Models

The elicited process model, even if it reflects the
source information accurately, may not necessarily be
desirable in all respects because it may be falling short
of the organisational or desired standard. Thus in this
step, we take the opportunity to analyse the static and
dynamic aspects of the process model in order to doc-
ument improvement opportunities. The inputs to this
step are Process Information, Organisational Knowledge
and Documented Context and the process models devel-
oped in step 4. The output is a list of improvement
opportunities that is delivered to the Process Owner for
possible changes.

Step 7: Post-Analysis

While the elicitation activity itself is over one
may analyse the elicitation task to improve the Elicit
method. Several points need to be considered dur-
ing post-analysis: (i) the level of abstraction of post-
analysis, (ii) the aspects of post-analysis, and (iii) the
properties of post-analysis.

e The level of abstraction of post-analysis can be
global, black-box, or white-box. In global post-
analysis, the core steps of the method are treated
as a single block, with links to the post-analysis,
model analysis and packaging steps. In black-box
post-analysis, we examine the organisation of the
steps of the method and their links without exam-
ining the details of each step and link. Finally, in
white-box analysis, each step and link is examined
in depth.

e The aspects of post-analysis are functional, data
and behavioural aspects, covering the functionality
of the method, the data produced and consumed
within the method, and the dynamics of elicitation.



e The properties of post-analysis are fine-grain de-
tails concerning a given aspect at a given level of
abstraction. For example, during white-box anal-
ysis of the functional aspect of the Elicit method,
one may examine the details of the steps, the en-
try and exit criteria of each step, and the roles and
tools involved in the elicitation.

It can be seen that such post-analysis can lead to sub-
stantial feedback for making improvements to the elic-
itation method.
Step 8: Packaging

Finally, one may package the experience gained dur-
ing elicitation and post-analysis, so as to simplify future
applications of the Elicit method. Example aspects of
packaging to be considered are:

o the type of objects that can be packaged (such as
the process models, documents produced during
elicitation, the dynamics of the method, or the ex-
perience gained in eliciting process models),

e the type of users of the packaged information,

e the usability of the packaged information for other
elicitation tasks, and

o the cost/benefits ratio of packaging.

In summary then, one can see that eliciting process
models from actual projects is quite involved. Specifi-
cally, there are some key steps that should be followed
in order to elicit and improve process models. The use
of structuring, modelling and analysing tools is also
critical because it simplifies the operationalisation of
the method. But it is important to note that tools alone
do not provide an appropriate context for elicitation.

4 Example Use of the Method

We have applied the Elicit method in one pilot study,
and after significant improvements, in two industrial
scale projects. In this section, we describe results and
our experience from the first of the two projects, which
dealt with a requirements engineering process. Because
of the lack of space here, we describe only the enact-
ment of technical steps of the Elicit method: Plan the
Elicitation Strategy, Elicit Process Information, Translate,
Validate and Analyse. Although these steps consumed
82 % of the 126 person hours spent on the project, the
front-end activities of understanding the environment
and identifying specific objectives are among the most

important ones in the elicitation exercise because they
define the orientation of the technical activities to fol-
low.

4.1 Planning for Elicitation

The strategy for this project was to elicit an initial pro-
cess model from natural language process documents
and then to refine it in walkthroughs with, and inter-
viewing, process experts. In planning elicitation, we
decomposed the step Elicit Process Information into the
following five sub-steps:

1. Read the selected process documents and clarify
any misunderstandings with the help of process ex-
perts.

2. Identify the structure of the process documents
and the process perspectives used to organise the
documents.

3. Determine the suitable level of details to be aimed
at during elicitation, and get this approved.

4. Mark or gather all information which can be cap-
tured in the process attribute structure supported
by the Elicit tool.

5. Enter the identified information into the Elicit tool.

This strategy was developed and applied successfully in
the earlier, pilot study.

4.2 Elicit Process Information

The elicitation was then carried out according to the
substeps identified in the elicitation strategy. The
structure of the requirements process documents were
based on the perspective Process Steps. On the top
level, the requirements process is decomposed into five
steps: Capture, Analyze, Validate, Prioritize, and Com-
mit. The process documents also described related
information, such as: responsibilities, measurements,
methods, techniques and tools, implementation of the
process, and linkages to other processes.

In order to capture process information, one can
identify all nouns and verbs, where nouns represent can-
didate objects or entities and verbs represent candidate
operations on the objects or actions. In our case, how-
ever, a noun can denote an artifact, a resource, a role
or a constraint. In addition, process attributes such as
Goal and Purpose are at a high level, implying that their
values can be complete sentences. This necessitates a
proper categorisation of process information.



Another important factor is the quality of the doc-
uments to be analysed. If these are well structured
and based on an entity-action-model [9, sections 6.1-
6.3] or an attribute structure, the capturing method
1s more likely to succeed. The requirements documents
we analysed did not fit exactly into this category. From
the first reading it became obvious that the text de-
scribed mainly the process steps and artifacts, and also
described substantial background and environmental
information. Because the distinction between process
information and background information was not al-
ways clear from the structure of the text, the elicitation
needed considerable domain understanding and human
judgement. We thus concluded that a mechanical anal-
ysis on a word or phrase level would not be successful
in this case.

The elicitation was thus carried out on a paragraph
level: read a paragraph and try to understand it; iden-
tify the nouns or verbs which refer to a process perspec-
tive; and identify sentences or phrases corresponding to
the attributes specifying the process perspectives and
relationships.

As a concrete example, we illustrate how this strat-
egy was used to elicit the static, structural and rela-
tional properties of a process step. The following text
is part of the description of the step Rewzew, which is a
substep of the top-level process step Analyze:

“The product representative selects new requirements from the
Requirements Management Tool and adds keywords that describe
the contents of the requirement. These keywords will be used to
group requirements in later steps.”

The nouns and verbs that refer to process perspec-
tives belonging to this step are: Product Representative,
select, Requirement, Requirements Management Tool
add, Keywords. Basically, the text describes a set of
activities. Thus, by analysing verb-noun relationships
in the document, we were able to build components of
the process model.

For example, Select refers to the artifact Require-
ment. Thus, we have a process step Select Require-
ments which 1s carried out by the role Product Repre-
sentative and makes use of the resource Requirements
Management Tool. The verb Add refers to the artifact
Keywords. Thus, we have a process step Add Keywords
which 1s carried out also by the role Product Repre-
sentative. The phrases “describe the contents of the
requirement” and “used to group requirements” identify
the purposes of the artifact Keywords. It is not quite
clear from the text whether the keywords are added to
the Requirements Management Tool or to the require-
ments. As it seems to make more sense to link the
keywords to the requirements, the artifact Keywords is
modelled as a component of the artifact Requirement.

Such decisions are, of course, subject to reviews by the
process owner.

Similarly, we were able to identify values for all at-
tributes listed in Table 1, such as conditions under
which steps are executed, producers and consumers of
artifacts, etc. However, one can run into difficulties be-
cause references within a sentence can be imprecise, or
incomplete; facts can be expressed implicitly; verbs and
nouns can be overloaded; and other such problems. In
our projects, it was possible to resolve most of these
problems from the context or with the help of the pro-
cess owner.

The identified information was then entered in the
Elicit tool, which represents it hierarchically. During
this step, all redundancies and inconsistencies in the
process document became obvious because, for exam-
ple, a process step can be described repeatedly in sev-
eral sections and figures of a process document; whereas
in the Elicit tool, there is only one well defined position
to store this particular information.

This elicitation step, which required 24 hours or 19 %
of the total time, resulted in initial process models
based on their structural properties.

4.3 Translating into Graphical Models

The process model structure held in the Elicit tool
was translated to Statemate without much difficulties.?
However, in order to represent dataflow amongst the ac-
tivities, 1t was necessary to have a second pass through
the process documents. This activity was simplified by
identifying data sources and destinations with the help
of traversal facilities of the Elicit tool.

In contrast to this static information, the descrip-
tion of process dynamics was meagre in the documents.
Thus, the reasoning about more realistic process dy-
namics was deferred to the analysis step. The modelling
of artifact-state changes, on the other hand, was possi-
ble but not without another pass through the process
documents.

The translation of the process model took 30h40’
(23 % of the total case study effort). In this case study,
the translation activity required several re-elicitations,
i.e., additional passes through the process documents.
These re-elicitations required a third of the time spent
in the translation phase.

3Because of the lack of space here, we are not able to include
sample graphical process models. However they are described in

[7]-



4.4 Model Validation

Once the graphical process models had been built, it
was important to get the validated by project person-
nel in order to gain acceptance. The key issues that
were covered in the validation of the requirements pro-
cess model were completeness, correctness and accu-
racy of the model. For completeness validation, the
key question asked was whether the entities and rela-
tionships specified in the formal models were complete
with respect to source information. Similarly for cor-
rectness and accuracy of the model, the key question
asked was whether the model entities, their decompo-
sition, their relationships, their dynamics, artifact pro-
ducer/consumer dependencies and artifact decomposi-
tion among substeps reflected what was meant in the
source information, and whether the technical decisions
made to resolve obvious inconsistencies were accept-
able. Such sessions were carried out in several iter-
ations, and feedback was used to improve the formal
models. Twenty-nine hours (23 % of the case study)
were spent to conduct the validation sessions and to
correct the models accordingly.

4.5 Analysing the Resultant Models

After elicitation was complete, we analysed the static
and dynamic aspects of the model in order to assess the
quality of the model and identify improvement oppor-
tunities. Our experience suggests that this activity is
best carried out in the elicitation project rather than a
later, change project because of the gained insight into
the elicited models and project momentum.

In any case, the dynamic aspects of a process model
can be analysed using simulation capabilities of process
modelling tools such as Statemate. The simulation tool
animates visually the behaviour of a process model and
keeps a trace file. Omne can perform several types of
analyses, such as reachability, deadlock, race condition
and non-determinism. In addition, 1t is possible to per-
form quantitative simulation to aid management tasks
such as planning and control [10].

The process information we had access to contained
little information on the dynamics of the requirements
process. Thus, while we could run the elicited formal
models in a simulation mode, there was a lack of ade-
quate project data to carry out realistic analysis. Con-
sequently, such analysis is not treated in this paper.

Static analysis was carried out by applying the
Goal/Question/Metric (GQM) paradigm [2]. In
essence, this meant that the goals of the analysis were
stated, and specific questions related to the goals and,
in turn, specific metrics related to each question were

identified. The model was then assessed based on the
data gathered by using the metrics. This analysis re-
quired 20h 30" or 16 % of the case study effort. There
were three main aspects of static analysis that we ex-
amined in the elicited process models: inconsistencies,
redundancies and incompleteness, giving a wide cover-
age for analysis.

Inconsistencies.
in both, the input sources (e.g., process documents and
gathered information) and the elicited process models.
There are two types of inconsistencies: first order and
second order. The former type are those that are con-
tained in the input sources and are generally finegrain
(e.g., conflicting values of the same process attribute).
Such inconsistencies usually surface during elicitation.
The second order inconsistencies are violations of con-
sistency constraints which can be detected only by com-
paring parts of the complete model (e.g., “All work
products available to a parent node are also available
to each child node”).

In the requirements process documents and the gath-
ered information, numerous different cases of inconsis-
tencies were identified. Examples are conflicting in-
formation about the decomposition of process steps,
and about the process attributes Goal, Procedure, Role
and Exit Criteria. The overall structure of the process
and the decomposition of the top-level process steps
are described repeatedly with substantial variability.
These inconsistencies were considered significant and
were resolved successfully, in conjunction with the pro-
cess owner.

Inconsistencies, can be contained

In contrast to this, inconsistencies in the formalised
process model can occur only in complementary at-
tribute pairs such as produces /is-produced-by. They
are usually due to an erroneous elicitation and can be
resolved easily.

Redundancies contain the same or
supplementary information which should be captured
in a single value of a process attribute. In the require-
ments process documents, there were numerous cases of
redundant information, a majority of which related to
the attributes Process Steps and Goal. It is worthwhile
noting that in the Elicit tool, every piece of informa-
tion can be stored only in one well-defined location, and
therefore, redundancies are impossible.

Redundancies.

Incompleteness. The question of incompleteness is
targeted only at the formal process model because com-
pleteness of a natural language text or the gathered
information is difficult to quantify. In the Elicit tool,



a description of a process model entity is considered
complete if all the process attributes have been used.
However, because in practice it may not be appropri-
ate to use all the process attributes in every use of the
process model, three different metrics targeting at dif-
ferent levels of completeness were designed: (1) number
of non-blank values per attribute to measure the utili-
sation of each attribute, (2) number and list of process
model entities which have attributes with blank values
only, and (3) number and list of process model entities
which are not described by a minimum set of attributes.

The idea behind the third metric is that the each
model entity should be described by at least some ba-
sic information. For example, each process step should
be specified by at least the following attributes: Goal
or Purpose to explain why the step is needed; Proce-
dure or a decomposition into further Process Steps to
explain what is to be done in this step; and Artifact
Input and Artifact Output because steps which do not
process anything are generally useless.

Tables 2 and 3 show the statistics for process steps
and artifacts with respect to missing attribute values.
The attributes Artifact Input and Artifact Qutput were
used only when a dataflow was explicitly mentioned in
the documents because no consistency rule referring to
the availability of data (such as “All work products
available to a parent node are also available to each
child node.”) was applied by the process author. The
missing dataflows were thus considered as a major de-
ficiency of the model; this was resolved subsequently.

Group | Missing Attribute Values # of Steps (%)
1 Goal & Purpose 19 (28%)
2 Procedure & Process Steps 11 (16%)
3 Artifact Input 36 (53%)
4 Artifact Output 26 (38%)
all permutations of 1 - 4 above 43 (63%)

Table 2: Missing Attribute Values in Process Steps

Group | Missing Attribute Values # of Steps (%)
1 Purpose & Description &
Artifacts 27 (44 %)
2 Producer & External Source 8 (14%)
3 Consumer & External User 7 (11%)
all permutations of 1 - 3 above 29 (47%)

Table 3: Missing Attribute Values in Artifacts

To summarise, this analysis step is needed for later
improvement even if the elicited models are accurate.
Also, it should be clear that this type of analysis would
be difficult without a formal attribute structure (see
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Table 1), and finally, we have found that process de-
scriptions built using ad hoc and informal methods are
not of as high a quality as that built using formally
defined methods such as Elicit.

5 Evolution of the Method

The Elicit method has evolved over the last two years
through three iterative cycles and is undergoing fur-
ther refinements. In the first cycle, a pilot study, we
elicited a preliminary analysis process from an organi-
sation. During this elicitation, we used our modelling
experience and tools such as the Elicit tool and Statem-
ate in an intuitive way. Although, we knew how to use
these tools and were aware of numerous other process
modelling/enacting systems, including Kellner’s use of
Statemate for the design and analysis [8, 10] of process
models, we had no repeatable or defined process for elic-
iting software process models. Consequently, the elici-
tation process broke down frequently and there was sig-
nificant backtracking. This experience suggested that
knowing how to use specific tools alone is sometimes
not sufficient for accomplishing a task. Knowing the
process in which the tools are embedded is also impor-
tant.

The post-analysis of the pilot elicitation resulted in
the first version of the Elicit method. While we now
had an understanding of the key steps of the method,
we still lacked (a) a formal definition of the method,
(b) knowledge about the details of the method, and (c¢)
concrete insight into the dynamics of the method (such
as, iterations, concurrency, or relative effort in different
steps).

In the second cycle, we took the first version of the
method and enacted it with care, implying (a) that we
could follow different rules if the method did not help,
(b) that we needed to identify detailed activities in the
elicitation process, and (c) that we intended to mea-
sure the elicitation process. This elicitation exercise
was performed on a requirements engineering process
from an industrial organisation.

To improve the Elicit method, we analysed the first
version of the method in conjunction with the experi-
ence gained from the second elicitation effort, and made
many changes such as addition, modification and detail-
ing of activities and dataflow, resulting in an improved
version of the Elicit method. Also, we measured the
elicitation process to build a model of the dynamics of
this process [13]. This analysis and improvement pro-
cess followed Basili’s experimental software engineering
paradigms: the Quality Improvement Paradigm (QIP)
[1] and the Goal/Question/Metric (GQM) paradigm [2].



The improved second version of the method was then
input into the third improvement cycle, where it was
applied to a product planning and dependency manage-
ment process from the same organisation. The analysis
of this elicitation led to a better understanding of the
refinements made after the second elicitation and led
to a new assumption about the dynamics of the Elicit
method [13].

It is important to note that in all these evolution-
ary cycles, there were two primary objectives. One, to
elicit formal models of software processes. This was the
main objective of the sponsoring organisation, and only
secondary objective of our research. Two, to improve
the Elicit method with respect to its completeness, cor-
rectness, fidelity and fitness. This improvement effort
was our main objective, and only secondary objective
of the sponsoring organisation.

In summary, the first version of the Elicit method
was coarse-grain, waterfall-like and described in natural
language. It lacked important details in the steps where
technical work was done and it was not clear on the ac-
tivities for reviewing, validating and analysing process
models. Thus, the method was difficult to enact and im-
provisations became necessary. In the second version,
most of the described problems were fixed. The method
description was formalised and the description of each
step, dataflow and artifact was refined. In the third ver-
sion, the technical steps of the method were modified
to allow a more iterative participation of the process
owner and other process experts. We feel that we now
have a well-defined elicitation method that is not diffi-
cult to follow and is repeatable in similar projects.

6 Comparisons

As described in the background section, many organi-
sations have elicited process models or described their
software processes. However, they have generally used
ad hoc, undocumented methods, making 1t difficult to
assess them or to compare the Elicit method against
them. Nevertheless, it can be said that the evolutionary
cycles have made the Elicit method explicit and quite
stable, and thus, reusable by others. This is perhaps
the biggest advantage of Elicit over other elicitation
methods.

In so far as the quality of the elicited process models
1s concerned, we have found consistently that the pro-
cess descriptions resultant from the use of ad hoc meth-
ods are deficient in many respects (for example, incon-
sistent information, incomplete models, and conflicting
interfaces) and that the Elicit method has helped iden-
tify such quality problems in process documents.
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One can relate the Elicit method to the various ap-
proaches to process modelling based on formalisms such
as APPL/A, MVP-L, HFSP, rules and others (see [11]
for pointers to these formalisms). The modelling for-
malisms together with the tools supporting them im-
pose certain constraints on how to represent process
models. In contrast, the Elicit method does not pro-
pose any particular representation formalism because
it is a life-cycle model for eliciting process models. It
can thus accommodate the use of any formalism for
process model representation.

Currently, there are two tools being used 1n the Elicit
method. One is a process information elicitation tool
(also called Elicit). This tool uses a process attribute
structure (see Table 1) to represent the elicited pro-
cess information. This information is then translated
into the graphical formalisms supported by the second
tool we are currently using, Statemate [6], so that pro-
cess models can be analysed and simulated. Our use
of Statemate mirrors that of Kellner’s [8, 10] except
that we have modelled two aspects (static and dynamic)
of several process perspectives (e.g., process steps and
artifacts) in an integrated way; whereas Kellner has
modelled process steps [10] and artifacts [8] in an un-
integrated manner. Both the Elicit tool and Statemate
(and their underlying formalisms), however, may be re-
placed by other appropriate tools provided that they
support the elicitation and analysis/simulation func-
tions.

7 Observations and Conclusions

Eliciting process models from enacted processes is
a first significant step towards process improvement.
This paper describes a method, called Elicit, for elicit-
ing process models. The method has undergone several
improvement cycles during its use on industrial-scale
software processes, and is effective.

From our experience with the application of the
Elicit method, we note the following observations:

e While certainly useful in managing voluminous
process information, tools alone are not adequate
for eliciting quality software process models within
budget and time; the method is important too.

e The larger or riskier the elicitation project the
greater the need for front-end activities such as un-
derstanding the environment, defining objectives
and planning for elicitation.

e The different perspectives of software processes can
help tackle the magnitude and complexity of pro-
cess models in a piece-meal fashion.



e Both domain knowledge and process engineering
knowledge 1s critical in the elicitation, analysis and
improvement of formal process models.

Our work on process models extends beyond elicitation.
In particular, we are carrying out experimental studies
in the area of tool insertion [3], process generalisation
and process measurements [14], based on formally de-
fined process models. From this and other work, we
have no doubt that formally defined process models
provide an excellent basis for investigating numerous
process issues. However, what is clearly important in
all this is to have a quality method that can be used to
elicit high-quality software process models.
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