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Abstract

This paper presents an experience in software process
assessment that has been conducted in a mid-size Italian
company. The assessment has been carried out using the
CMM (Capability Maturity Model) and taking into account
also the indications offered by QIP (Quality Improvement
Paradigm).

The paper discusses the results of the assessment and the
lessons we have learned from running it. It particular, it
argues that it is necessary to broaden the scope of assess-
ment methods, and to evaluate the applicability to software
processes of the experiences, methods, and techniques
developed in other business domains.
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1 Introduction

Assessment and improvement of software processes are
important and critical issues for any organization which is
directly or indirectly relying on software to assembly its
products or to deliver its services [9]. This reflects a general
trend which puts much emphasis on the quality of the pro-
cess as an essential means to achieve a higher level of qual-
ity in delivered products and services. During the last 15
years, the terms “process”, “total quality”, “improvement”
have become the key buzzwords used by many practitioners
and researchers.

To support the achievement of these goals, in past years
several assessment methods have been developed and used.
In the software process arena, there are at least two

Permission to copy without fee all or part of this material is
granted provided that the copies are hot made or distributed for
direct commerciai advantage, the ACM copyright notice and the
title of the publication and its date appear, and notice is given
that copying is by permission of the Association of Computing
Machinery. To copy otherwise, or to republish, requires a fee
and/or specific permission.

ICSE '95, Seattle, Washington USA
© 1995 ACM 0-89791-708-1/95/0004...$3.50

approaches that have been conceived and that have received
wide attention: the Quality Improvement Paradigm of the
University of Maryland [2], and the Capability Maturity
Model of the Software Engineering Institute [10]. The first
approach emphasizes the importance of establishing a con-
tinuous improvement activity, based on a quantitative eval-
uation of the performances/characteristics of processes and
products. The SEI approach provides a series of aids to
assess the level of maturity of an organization and to sug-
gest the most suitable improvement initiatives.

This paper presents an experience in using the CMM to sup-
port the improvement effort of a medium-size Italian com-
pany. It also discusses very briefly some issues related to
QIP. The paper emphasizes the weaknesses of these
approaches and raises some issues to the software engineer-
ing community on the desirable characteristics of process
improvement methods. It complements other experiences
about the usage of CMM, such as those by Brodman and
Johnson, who have analyzed what small business organiza-
tions say about the CMM [4].

It must be clearly emphasized that the authors are not
related to the SEI or to the University of Maryland. Also,
we have not received any specific training on the CMM or
the QIP. Our comments are based just on our personal expe-
rience, and on the knowledge of the above mentioned meth-
ods derived from publicly available documentation.

2  The company

The company where this experience has been carried out is
a medium size Italian company (called XYZ in the remain-
der of this paper for confidentiality reasons), which pro-
vides advanced services to a large number of customers
(several hundreds) distributed across the Ilalian territory.
These services are offered through a large computer net-
work, where customers’ computers are interconnected to
concentrators and then to main computer facilities at XYZ'’s
headquarters. The services offered by XYZ are based on
distributed software products, that run both on customers’
and XYZ'’s computers. XYZ’s services demand for a high
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Figure 1: Existing organizational model at XYZ.

level of availability, and are characterized by strong perfor-
mance and security requirements.

The software products used to provide these services are
based on different platforms. For some services, traditional
mainframes are used, while in other cases the platform that
has been adopted is a combination of Unix servers and Mac-
intosh clients. Other technologies are used to provide the
needed networking facilities.

To develop the software products used to deliver these ser-
vices, XYZ uses internal resources and external software
houses. In recent years, however, the internal resources
have been more and more used to run and operate software
products (i.e., to control and manage the provision of XYZ
services), while software development activities have been
progressively delegated to external companies.

XYZ is organized in several departments according to a
functional structure (see Figure 1). The most important
departments are Development & Technology, the internal
software house, and Operation Management, in charge of

offering the services to customers. All development and
maintenance activities are carried out by Development &
Technology (possibly using external resources or subcon-
tracting). Development & Technology is organized by ser-
vices (and consequently by the set of software products
used to offer a specific service, with a few projects spanning
different services). Operation Management uses the prod-
ucts developed by Development & Technology to provide
XYZ's customers with the requested services. It is organized
by functions (customer support, telecommunication, sys-
tems operation, and so on). Operation Management does not
have the possibility of accessing the source code. It com-
pletely relies on Development & Technology for any modi-
fication of software.

XYZ is experiencing several problems that can be summa-
rized by the following observations:

1. Both the top and mid-level management, and the techni-
cal staff are mainly composed of people who do have a
strong competence in the application domain, but a
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weaker, self-made knowledge of information technol-
ogy.

2. The requirements of the services to be offered (and con-
sequently of the software products to be developed) are
defined in most cases by a council of users, which has a
very strong position with respect to XYZ. Requirements
are changed quite frequently, both during software
development and after the software product has been
moved into operation.

3. Requirements and subcontracts management is often
insufficient. XYZ receives software products from
external software providers, but it does not have a com-
plete knowledge of their structure and architecture. In
many cases XYZ completely depends on its providers.

4. The strong requirements concerning service perfor-
mance and availability put a lot of pressure on the Oper-
ation Management department, which must be able to
guarantee a very quick response time (in some cases a
few minutes) for any problem occurring to any software
component in any point of the network.

S. Operation Management directly receives requests of
changes from customers. It then negotiates with Devel-
opment & Technology how to address them. This proce-
dure is viewed as too slow and time-consuming.

6. It is difficult for Development & Technology to get
accurate and timely requirements related to the usage
and management of software products from Operation
Management. On the other hand, Operation Manage-
ment has no means to control that their requirements are
properly understood and taken into account. In many
cases, therefore, operators of Operation Management
experience several problems in using and operating the
systems released by Development & Technology.

7. Configuration management is not carried out according
to company-wide policies. There are different platforms,
where different and often undocumented policies are
used. Even when configuration management is more
consolidated (the mainframe area in Development &
Technology), there are other problems related to the
tools that are used and, in particular, to the policies used
to share information and software between Development
& Technology and Operation Management (i.e., soft-
ware developers and main software users).

To address the problems XYZ is facing in producing and
using software, XYZ’s top management requested CEF-
RIEL! to conduct a software process assessment of the
company and to suggest a reasonable improvement strategy.
To base the assessment on a consolidated methodology, we
decided to adopt the CMM approach. Moreover, we wanted

1. CEFRIEL is a research center operating in Milano. Its activities
are advanced R&D, education, and consulting services in the field
of Information Technology.

to evaluate the applicability of the QIP as well, and there-
fore we have also taken into account the indications offered
by this method.

SEI claims that CMM can be used to address two different
goals [10]:

1. to evaluate contractors/bidders (Software Capability
Evaluation),

2. to guide and support a process improvement initiative
(Software Process Assessment).

We have used the CMM to support the accomplishment of
the second goal. The next section discusses in detail how we
proceeded and the results of this experience.

3  Using the CMM questionnaire

We have followed the procedure indicated by the SEI to
conduct a software process assessment based on CMM Ver.
1.1. We used the new questionnaire that was recently
released even though the scoring method was not yet avail-
able. Indeed, our goal was to identify the good and weak
practices of the company, and not to compute a score. Basi-
cally, we have organized our assessment activity in the fol-
lowing way:

1. We created an assessment team composed of 3 people
from CEFRIEL and 2 people from XYZ. The team stud-
ied the official SEI documentation.

2. We had a couple of preliminary meetings with the mid-
level management to describe the goals of the assess-
ment and the procedure we would be following. More-
over, we wanted to hear from them their view of the
company and their evaluation of XYZ problems. Some
of the basic results of our assessment were already quite
clear after these preliminary meetings.

3. We selected a set of people with different skills/posi-
tions from several projects/groups. Then we asked them
to fill up the CMM questionnaire under our direct super-
vision. Before doing that, we informed them on the
goals of the initiative and on the methodology we would
be using.

4. We asked additional questions to the interviewed peo-
ple, based on the first results derived from the initial
meetings with the top and mid-level management. We
made clear from the very beginning that we would not
disclose their identity.

5. We derived our assessment results by considering the
evaluation produced by CMM, and our findings based
on the discussion with the top management and the
interviewed people.

Our experience in using the CMM questionnaire can be
summarized as follows:
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a. Most people found the questionnaire quite repetitive and
verbose. Many questions are just obvious when corre-
lated to previous answers.

b. Almost all the interviewed people find that many ques-
tions were not related to the real problems of the com-
pany. For instance, they declared that major problems
are in the distribution of human resources among depart-
ments, in the organization of the company, and in the
company education policy. Most of them knew that they
were performing poorly as far as key practices are con-
cerned: for example, they were perfectly aware that they
were unsatisfactorily doing configuration management
and requirements management. They wanted to know
how to find the resources to do it, and how to introduce
these changes in the organization avoiding any turbu-
lence on the customer side.

c¢. As members of the assessment team, we found that iz is
quite easy to determine the maturity level of the com-
pany, even after a few meetings. That is not the critical
part of the work.

In general, the CMM did not allow us to discover those
information that were really critical and useful in defining
the XYZ improvement strategy. In our opinion, the prob-
lems are related both to the methodology suggested by SEI
to conduct the assessment (basically, the questionnaire) and
the contents of the CMM itself. We believe that the CMM is
based on a valid assumption, i.e., improvement of product
quality must be based on improvement of process quality.
But it then (at least partially) fails to address this goal, by
limiting the scope of process assessment and improvement
to the engineering and technical component of the process.
This is not enough, as we discuss in more detail later on.

4 Results of the assessment

We have identified the following action list to support pro-
cess improvement at XYZ.

High-priority steps:

a. Reorganization of the company by services, through the
merging of Development & Technology with Operation
Management (see Figure 2)2. The rationale for this
choice resides in the characteristics of XYZ’s customers
and its marketplace (see Section 2). They demand for
strong interaction between final users (i.e., users of
XYZ’s services), software developers, and operators of
a specific software product (i.e., service providers).
Moreover, it is necessary to integrate operators’ require-
ments into products more consistently, systematically,
and from a very early stage of software design. Conse-

2. XYZ actually adopted the suggested organization, effective
January 1995.

quently, for every service (or class of comparable ser-
vices) we plan to have a group in charge of listening to
customers’ needs and to deliver them what they require.
Each group will take care of service design, software
development (including subcontractors management),
product maintenance, and service operation.

b. Intensive education programs and personnel requalifica-
tion. This is needed to support the adoption of more
advanced software engineering methods, techniques,
and tools.

c. Hiring of new resources and redistribution of existing
personnel among departments/areas. Reduction of body
shopping and of other external development activities.

Other steps to be accomplished in a second phase are the
following ones:

d. Introduction of corporate procedures for configuration
management.

e. Introduction of corporate procedures for requirement
engineering and management.

The (surprising?) result of our experience is that the top pri-
ority steps in the above action list were not derived from the
results of the CMM-based assessment.

5 Lessons learned

The key lesson we learned is that while it was reasonably
easy to identify the technical areas where improvement is
needed (i.e., configuration management and requirements
engineering), it is much more difficult to understand how to
conduct the analysis of a company in order to identify its
organizational and strategical deficiencies, and how to
identify and propose reasonable changes and improvement
actions accordingly. In the XYZ case, the main problems
are the functional organization (software development sepa-
rated from software operation), the insufficient technical
quality of resources, and their scarcity or unsatisfactory dis-
tribution among departments. While the CMM would have
led us to consider only the internal software house of the
company, some of the problems we found are outside or on
the boundaries of Development & Technology. If these
problems are not solved first, any (in many cases obvious)
indication deriving from the CMM is useless. Even more, it
can be counterproductive. For instance, a configuration
management policy for a functional organization will be
quite different from the one you would adopt in an organi-
zation by services. Indeed, the introduction of a policy
defined according to the existing (and inadequate) organiza-
tional model can even make the situation worse. Even an
evolution of CMM such as the Bootstrap approach does not
introduce substantial changes with respect to the original
model, as far as the scope of the assessment is concerned
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Figure 2: A new model for XYZ.

[71, [8]. In general, we (as a community) “often overlook
organizational and social issues” [11].

We also tried to figure out how to apply the QIP approach.
We decided that it was absolutely unfeasible to use the QIP
in the XYZ situation, since there were not enough
resources, competence, and suitable organization structure
to adopt such an approach. Our understanding is that the
QIP is basically a more detailed specification of CMM level
5, where continuous improvement is institutionalized and
based on quantitative evaluation of process performances.
To reach that level, the CMM correctly assumes that impor-
tant practices have already been put in place. They include
configuration management (how to measure products char-
acteristics if you do not know your product?) and process
definition (how to measure the process if you do not know
it, or if you have not defined it, or if you do not follow it?).
XYZ was not at that stage.

In conclusion, our experience as users of CMM and QIP is
that they do not help in the critical part of an assessment.
We need different kinds of aids:

1. Itis necessary to identify means to support and facilitate
problems elicitation (analysis of the organization). This
is one of the most complex part of the job. If we do not
understand the real problems that affect the organization
performance, any technical innovation is useless or even
counterproductive. A somewhat surprising observation
is that, considering the state of practice in the general
business field, we can discover a series of (very simple)
methods and techniques that help an assessment team in
identifying the problems of a company. They are based,
typically, on some of the so-called “seven management
tools” [S]. In particular, affinity diagrams, cause and
effect diagrams (also called Ishikawa diagrams), and
relationship diagrams?, although very simple and infor-
mal, are the basis of an effective methodology for prob-
lem elicitation that is widely used in many sectors since
the late 80s.

3. They have nothing to do with Chen’s Entity Relationship Dia-
grams.
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2. The experiences gained in the past years in business pro-
cess reengineering and total quality management have
demonstrated that to solve the critical problems of an
organization it is necessary to “start over”, and recon-
sider and redesign the whole organization according to
its mission [6], [1]. The indications offered by the CMM
are useful, but do not help in defining a comprehensive
and effective improvement strategy. In the XYZ case,
the real issue is to move from “functional departments to
process teams” [6], each of them dealing “in toto” with a
specific service to be offered to XYZ’s customers. This
is what Hammer calls “reinventing the business” [6]. As
a general conclusion, we realized that the real goal for
XYZ is to “seek every opportunity to build horizontal
linkage across the organization to serve customers” [3].
This kind of issues and indications is not considered at
all by CMM.

3. We do not have yet a deep understanding of how to
manage the transition to a new organizational model or
the introduction of innovations in an existing process.
There has been some contribution in this area (see for
instance [12]), but there is still a long way to go before
consolidated and effective results are achieved.

6 Conclusions

This paper has briefly presented an experience in assessing
and improving a medium size company operating in Italy.
The assessment was conducted according to the SEI CMM
and by taking into account also the indications offered by
the QIP.

SEI claims that CMM can be used to address two different
goals [10]:

1. to evaluate contractors/bidders (Software Capability
Evaluation);

2. to guide and support a process improvement initiative
(Software Process Assessment).

We did not consider in our work the first goal~As for the
second one, we find that the indications offered by CMM
are quite obvious and do not take into account important
aspects related to the overall company structure and organi-
zation. We realized that the real critical issues in XYZ were
not covered by CMM. In particular, we consider as top pri-
ority the reorganization of the company according to the
processes followed to create and deliver XYZ’s services. It
is the mandatory prerequisite to enable other improvement
initiatives, including the ones suggested by the CMM.
Unfortunately, CMM did not offer any aids in this kind of
analysis/diagnosis.

We therefore argue that we need to rethink this assessment
method and learn from what other domains have been

doing. In particular, business reengineering and total quality
management put a lot of emphasis on the need of rethinking
an organization according to its goals, before introducing
any specific change and/or technology innovation. There-
fore, we believe that the CMM, and any other assessment
method, should explicitly take into account important
dimensions such as the organization and how it relates to
the company mission, its marketplace, and the human
resources that are at hand.

Finally, we argue that QIP can be applied only to a very
mature organization, while it is less useful or even not appli-
cable at all to immature organization which have not found
yet their way towards higher maturity levels. This is consis-
tent with the experiences in business process reengineering,
where continuous improvement can be accomplished once
the basic, structural problems of the company have been
solved. Quoting [1], “... once the ‘radical’ changes are
made, they must install continuous process improvement
practices in the business operation to prevent future deterio-
ration and ensure preventive maintenance.” We believe that
many existing software processes need “radical changes”
and major reengineering effort which (unfortunately) cannot
be based on quantitative assessment and continuous
improvement.

In conclusion, we should define assessment methodology
with a broader vision of the problems that afflict software
processes. It is not sufficient to consider just engineering
issues and it is often unrealistic to foresee a predefined
improvement strategy. Moreover, we have to take into
account that most software companies are still at a very low
maturity level. Experiences in other industrial and business
domains could help us in identifying more general and
effective methods and techniques.
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