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Abstract

The SPICE Project was established in 1993 to support the development, validation and transition into use of an International Stan-
dard for software process assessment. Its efforts have resulted in the publication of a five-part Standard for Process Assessment, ISO/IEC
15504. This paper reviews the evolution of the Standard, and reflects on the parallel achievements of the SPICE Project and the stan-
dardisation effort in advancing the state of the art in process assessment and improvement.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

ISO/IEC 15504 (2003) is the International Standard for
Process Assessment. Its development, with the parallel
empirical studies of its use by the SPICE Project (Dorling,
1993; Rout, 2003), has spanned 14 years – the initial Study
Group established by JTC1/SC7 to explore the needs and
requirements for the standard established in 1992 (ISO/
IEC JTC1/SC7, 1992). With the publication of the final
part of the Standard it is an appropriate point to review
the history and impact of its development.
1.1. Origins

The primary impetus for the use of assessment did not
come from the mainstream of the software development
industry, but rather from acquirers of large, critical soft-
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ware-intensive systems – notably in the defence and tele-
communications sectors. Thus, the Capability Maturity
Model for Software (Paulk et al., 1993) was developed by
the Software Engineering Institute as a response to the
needs of the US Defense Department for better techniques
for the selection of contractors. Process assessment meth-
ods were also developed by a number of the major players
in the telecommunications field, including British Telecom,
Bell Canada/Northern Telecom and Bellcore, and applied
to the management of risk in acquisition.

The increasing number of assessment approaches avail-
able and the increasing use of the technique in commer-
cially-sensitive areas were the key motivating factors
behind the development and acceptance of a proposal to
develop an International Standard for software process
assessment. The UK Ministry of Defence, through the
Defence Research Agency, initiated a series of studies
resulting in a firm proposal to develop a Standard. This
was carried through to the international committee on soft-
ware engineering standards, ISO/IEC JTC1/SC7, which in
1993 adopted a proposal to develop the Standard and estab-
lished a Working Group (WG10) to undertake the work.
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A key element of the proposal was a recommendation to
adopt a development route which would produce useful
output in a time-scale which was shorter than the normal
standards-making route. Several factors influenced this
decision; in particular, there was seen to be an urgent need
for the new Standard to aid the harmonisation of
approaches to assessment being developed by various orga-
nizations, projects and initiatives. In addition, organiza-
tions developing and using new or existing assessment
methods had indicated a willingness to pool resources pro-
vided that a common approach can be developed quickly.
As a result, the Standards working group charged with
the work authorised the establishment of a dedicated Pro-
ject Team, known by the acronym SPICE (Software Process
Improvement and Capability dEtermination). The SPICE
Project, as originally established, had three defined goals:

1. To assist the standardisation project in its preparatory
stage to develop initial working drafts.

2. To undertake user trials in order to gain early experience
data which will form a basis for revision of the published
technical reports prior to review as full International
Standards.

3. To create market awareness and take-up of the evolving
Standards.

1.2. History

The SPICE Project developed the initial set of working
draft documents between 1993 and 1995, and these were
then submitted to the normal standards balloting process.
There was considerable refinement of the original architec-
ture during the ballot process, and the first version of the
Standard was released as a Technical Report (Type 2) in
1998 (ISO/IEC TR 15504, 1998).

During the course of these ballots, the SPICE Trials
pursued a detailed series of investigations, aimed at demon-
strating the extent to which the new International Standard
met its original requirements, and validating its usefulness
to the software development industry. The results of the
Trials provided substantial empirical evidence supporting
the approach to assessment embedded in the Standard,
and also identified significant ideas for improvement.

A study period was initiated following publication of the
Technical Report to review the requirements with a view to
revision and publication as a full International Standard;
this work commenced in 2000, and the standard was pub-
lished in five parts over the period 2003–2006 (ISO/IEC
15504, 2003).

2. Achievements

2.1. A discipline for process assessment

At the time that development of ISO/IEC 15504 com-
menced, there were many views of the technique of process
assessment – one of the justifications for the Standard. The
key features recognised by the Study Group report were
that the technique represented ‘‘the disciplined examina-
tion of the processes used by an organization against a
set of criteria to determine the capability of those processes
to perform within quality, cost and schedule goals.’’ The
concept of evaluating the capability of an organization
and its processes by comparison of performance against
some form of process model was central to the concept.
However, the techniques applied in performing this com-
parison were varied.

The technique of process assessment as practiced within
the domain of software engineering has it origins in the
work of Radice et al. (1985) and was further advanced
through a series of methods developed at the Software
Engineering Institute. A common thread throughout is
the comparison of the actual performance of a process to
some form of structured process model that serves as a
yardstick, allowing the development of a ‘‘rating’’ of matu-
rity or capability. The early work emphasised the use of
interview techniques to elicit evidence from practitioners,
and there was limited use of documentary forms of evi-
dence. With increasing use of assessment results in com-
mercially sensitive areas, there was an increasing focus on
formality in the assessment process.

In the development of ISO/IEC 15504, the need to
maintain consistency with other international standards
led to a significant alignment to the quality audit
approaches derived from certification to ISO 9001. How-
ever, there was always in the minds of the development
team a clear differentiation between audit and assessment.
Audits were seen as concerned primarily with confor-
mance; assessments were seen as concentrating on two
measures – conformance and effectiveness (ISO/IEC
JTC1/SC7, 1992).

In ISO/IEC 15504, a disciplined approach to process
assessment has been defined, characterising a coherent def-
inition for the assessment process. The Standard prescribes
minimum requirements for inputs, outputs, resources, and
activities. It defines the need to establish a strategy for col-
lection of data, and to base the ratings of process capability
on objective evidence. The basic requirements for perform-
ing process assessment have had significant influence; the
concept of a ‘‘conformant assessment’’ as the basis for
demonstration of process capability has influenced work
such as SCAMPI (Standard CMMI Appraisal Method
for Process Improvement (SEI, 2001)), as well as several
other approaches more closely aligned to the Standard.

2.2. Measuring process capability

In this section, the set of requirements for evaluating
process capability established in ISO/IEC 15504 is pre-
sented, and the way in which they contribute to the goal
of objectivity in process assessment is described. The Stan-
dard provides a comprehensive and generic approach for
the model-based assessment of process capability; the
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assessment proceeds through the comparison of evidence of
actual performance against a model of capability for a pro-
cess or set of processes.

2.2.1. Requirements for measuring capability

The set of requirements as a whole define a structure
that establishes a well-defined process for performing pro-
cess assessment. They fall into two broad classes: those
associated with the performance of the assessment itself,
and those concerned with the process model that forms
the basis of the assessment.

The requirements for the performance of the assessment
are defined in terms of:

Objects needed for performing the assessment,
including:

• The process model that forms the basis of the
evaluation.

• The objective evidence of actual performance collected
in the course of the assessment.

• The categories for which a measurement is established,
represented by Process Attributes (defined in the
Standard).

Actors in the measurement framework, which include:

• Assessors.
• Sponsors.
• Other stakeholders (such as customers and suppliers:

they are mentioned for describing the environment in
which SPICE is used, but do not have normative duties,
properties and relations).

Operations defined on the objects (also involving actors
and other elements). These include:

• Planning of the assessment, including the definition of a
required minimum set of inputs for the assessment
process.

• Data collection.
• Data validation (the objective of validation is to gain

confidence in the data sources, hence in rating results).
• Rating of Process Attributes.
• Assessment reporting (input, output, activity).

The requirements for the process model in turn can be
placed in three distinct classes:

• Those concerned with the entities that are the subject of
the assessment (processes).

• Those concerned with the measurement scale for evalu-
ating the capability of these entities; and

• Those concerned with the assembly of these two ele-
ments to form the process model.

The Processes that are defined as a comparison target
for a particular assessment are defined in a Process Refer-
ence Model (PRM). The Standard specifies the contents
and basic structure of process reference models; in essence,
these are collections of definitions of processes for a partic-
ular domain or community of interest. Each process in a
PRM is described in terms of its purpose and a list of the
outcomes of its implementation.

The Measurement Scale for the evaluation of capability is
described in terms of a Measurement Framework that uses
descriptions of Process Attributes achieved in implementing
a process to determine a scale of levels of capability. The
framework formally defines an ordinal measurement scale
for process capability.

The Model that is used in the assessment is defined as a
Process Assessment Model (PAM). A PAM is a two-
dimensional representation of process capability. One
dimension (the process or functional dimension) is related
to processes drawn from one or more PRMs. The other
dimension (the capability dimension) is related to the Mea-
surement Framework. There may thus be references to
multiple PRMs in a single PAM, and also multiple PAMs
that relate to a single PRM. This feature establishes the
generic nature of the overall structure of the assessment
process.

Distinguishing features of the Standard are that:

1. These types of requirements are kept distinct from each
other although they have defined and strict relationships
to each other.

2. All types of requirements are independent of the nature
of the processes to be assessed (e.g., the application
domain). This may be obvious for the last two types
(Measurement Scale and PAM). It is a valuable feature
of SPICE that also the requirements for PRM are inde-
pendent of what processes shall be like.

The chosen levels of abstraction for the various types of
requirements allow for broader application field insofar
PRM’s are concerned, which reflects on the performance
Attribute at Capability Level 1 (that is a mere process per-
formance requirement), and on a somewhat accurate eval-
uation of the capability levels.

Note that the scope of an ISO/IEC 15504 assessment is
no longer seen as limited to assessing the capability of pro-
cesses for developing and maintaining software in an orga-
nization. The history of SPICE has gradually departed
from a software oriented effort, to a more mature status
that is not even limited to a broader systems engineering
view, as for CMMI, but to a defined set of requirements
abstract enough to be suitable for many human organized
activities with defined goals, yet clear enough to allow for
profitable process assessments (Coletta et al., 2005).

2.2.2. Pursuing objectivity in measurements

In order for an assessment to generate and transfer con-
fidence on its results, the assessment must include signifi-
cant measurement. That is, the entities to be measured
(in our case, Process Attributes) must possess properties
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that can be mapped to a set of values of defined type (for
example: integer, ordinals, elements of a set) (Fenton and
Pfleeger, 1996). SPICE complies with this theory-of-mea-
sure-related requirement by establishing a mapping
between a process attribute and an ordered set of values
{N (not achieved), P (Partially achieved), L (largely
achieved), F (fully achieved)}.

The assessors are the principal actors bearing the
responsibility of a meaningful (objective, reliable and
repeatable) process attribute rating (Fabbrini et al.,
2002a). To deal with the effects of subjectivity in this mea-
surement process and reduce uncertainty with the results,
SPICE provides:

• A defined set of rules for determining assessor experi-
ence and skill together with procedures for verifying
their compliance.

• Requirements for (in normative documents) and exam-
ples of (in guidance documents) checkable indicators.
These record the types of objective evidence that link
to the PRM and Measurement Framework elements,
and permit objective judgment of the achievement of
the process purpose and attributes. Indicators can gener-
ally be distinguished as Performance Indicators (such as
kinds and qualities of process outputs) or Capability
Indicators (such as evidence of management practices
both planned and in place); ISO/IEC 15504-5 provides
several types of both classes, as examples of the types
of indicators that can be established.

• Requirements for documenting the assessment process
(including criteria for any decision made by the assessors
and the records of their findings).

Results of analytical studies on documented assessment
outputs that corroborate these features of the Standard are
discussed in Section 2.4.1.

2.2.3. Conclusions

Since the requirements in ISO/IEC 15504 for all of the
principal elements of the assessment process – the Process
Reference Model, the Measurement Framework and the
Assessment Model – are established at a high-level, SPICE
can be adopted in a wide variety of domains. The Standard
provides both mandatory elements and guidance for
achieving objective, repeatable assessment results.

2.3. Empirical studies

2.3.1. SPICE trials

The purpose of this section is to present major parts of
the findings of the empirical studies conducted as part of
the SPICE Trials, mainly during Phase 2 of the Trials (Sep-
tember 1996–June 1998). Unique among software engineer-
ing standardization efforts, the developers of ISO/IEC
15504 deliberately initiated an international effort to empir-
ically evaluate the Standard. This effort is known as the
SPICE Trials (El Emam and Goldenson, 1995; Maclennan
et al., 1998). A considerable number of empirical evalua-
tion studies have been conducted, especially during Phase
2 of the SPICE Trials. The final report of SPICE Trials
has been published (SPICE Project, 2003) and the most sig-
nificant studies have been summarized (Jung et al., 2001).
An annotated bibliography of published papers has also
been made available, as Part 3 of the final report (Hunter
and Jung, 2003).

The original trials plan organized the SPICE Trials into
three broad phases as follows:

Phase 1 took place in 1995 and its goals were to validate
the design decisions inherent in the initial document set as
well as to test the usability of the core product documents
(SPICE version 1 – the complete set of Working Draft doc-
uments (SPICE Project, 1995)).

Phase 2 took place between September 1996 and June
1998 and was based on the PDTR (Preliminary Draft
Technical Report) version of the emerging ISO/IEC
15504 Standard. In addition to evaluating the complete
document set and design decisions, its objectives include
providing guidance for applying the emerging Standard
most effectively. Phase 2 of the SPICE Trials evaluates
the ISO/IEC PDTR 15504 documents (SPICE version 2).

A third phase of the Trials was intended to commence in
July 1998, continuing until the full publication of the Inter-
national Standard. A lack of resources, and the increasing
use of the Technical Report outside the scope of the trials,
resulted in significant problems in the collection of relevant
data, and in October 2000 this phase was abandoned; the
Phase 2 report thus became the final report from the Trials
(SPICE Project, 2003). Empirical studies continued, with
significant involvement of members of the SPICE Trials.

2.3.2. Data collection

Phase 2 of the SPICE Trials used the regional structure
defined for the project as a whole, which divides the world
into five zones, serviced by Regional Trials Centers
(RTCs), located in Canada (including Latin America), Eur-
ope (including South Africa), North Asia Pacific (centered
on Japan and including Korea), South Asia Pacific
(centered on Australia and including Singapore) and the
USA. At the country or state level, Local Trials Coordina-
tors (LTCs) liaised with the assessors and Organization
Units (OUs) to ensure assessors’ qualifications, to make
the questionnaires available, to answer queries about the
questionnaires, and to ensure the timely collection of data.
There were 26 such coordinators worldwide during the sec-
ond phase of the SPICE Trials (SPICE Project, 2003).

The dataset submitted to the International Trials Coor-
dinator (ITC) for each trial included the ratings data from
each assessment and answers to a set of questionnaires that
followed each assessment. Lead assessors and OUs com-
pleted the questionnaires related to the assessment, the
OU, the project, etc. During the Phase 2 Trials, there were
70 assessments of 44 organizations, 169 projects, and 691
process instances from the five regions: Europe (24 trials),
South Asia Pacific (34 trials), North Asia Pacific (10 trials),
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USA (1 trial), and Canada/Mexico (1 trial) (Hunter, 1998;
El Emam, 1999; El Emam and Birk, 2000a). Since more
than one assessment occurred in some OUs, the number
of OUs was less than the number of assessments.

The most common primary business sectors in which the
organizations were involved were Defence, IT Products
and Services and Software development. The assessments
involved both large and small organizations and covered
all the processes in the reference model. The median num-
ber of process instances per assessment was 6.5. The most
costly activity during an assessment is the collection of evi-
dence (47% of effort) and the least costly is the final presen-
tation (3% of effort). The assessors involved had a broad
range of experience with many having participated in phase
1 of the trials, used the SW-CMM, and/or been involved in
ISO 9001 audits (mainly on the context of the TickIT
scheme). Almost all of the competent assessors (93%) were
received assessment training in the context of ISO/IEC
15504, in most cases.

The Phase 3 Trials did not publish its final report for
evaluating the TR version, but some studies have been pub-
lished in journals and proceedings. Most of studies in the
Phase 3 Trials based on TR version were re-evaluation of
issues of the Phase 2 Trials. The next section of this paper
presents results of the Phases 2 and 3 together.

2.4. Validating the standard

Through a set of Trials, the SPICE Project validated
ISO/IEC 15504. This section briefly summarizes some
important empirical studies based on TR as well as PDTR.
The Phase 2 Trials Reports (Hunter and Jung, 2003; Jung
et al., 2001; SPICE Project, 2003) provide additional
details.

2.4.1. Reliability of process capability dimension

Since process assessment involves a subjective measure-
ment procedure, the reliability of this procedure is vital in
order to have confidence in the assessment results. Reliabil-
ity is defined as the extent to which the same measurement
procedure yields the same results on repeated trials (Car-
mines and Zeller, 1979). Lack of reliability is caused by
random measurement error. An important aspect of reli-
ability is called internal consistency. Internal consistency
is affected by ambiguities in wording and inconsistencies
in the interpretation of wording by respondents. The most
popular measure of internal consistency is Cronbach’s
alpha (Cronbach, 1951).

The capability measure of ISO/IEC 15504 was found to
have as two dimensions in both PDTR and TR versions.
The two dimensions based on the PDTR version are named
as ‘‘Process Implementation’’ with the attributes from lev-
els 1 to 3 (Cronbach’s alpha, 0.88) and ‘‘Quantitative Pro-
cess Management’’ with the attributes from levels 4 to 5
(Cronbach’s alpha, 0.87), respectively (El Emam, 1998).
For a Korean dataset based on assessments of TR version,
the Cronbach alpha coefficient up to Level 3 had a high
value of 0.93 (Jung, 2003b). In both versions, the Cronbach
alpha coefficient of each capability dimension showed a
high enough internal consistency to be useful in practice.
In addition, the 4-category scales of measuring process
attributes, ‘F’, ‘L’, ‘P’, ‘N’, cannot be improved in terms
of internal consistency by reducing it to a 3- or a 2-category
scale (Jung, 2003b).

The ISO/IEC 15504 capability dimension in PDTR has
also been evaluated by using a Guttman scaling method
(Jung, 2005b). This study evaluated empirically whether
the ordering of set of PAs, as measures of capability, is con-
sistent with the Standard. For this purpose, the study esti-
mates the Coefficient of Reproducibility (CR) statistic that
measures the extent to which the observed ratings are iden-
tical to the pattern inferred by the Standard. Analyses
based on ratings of 689 process instances show that gener-
ally PA order of capability levels is consistent with that
inferred by the Standard.

Interrater agreement, called the external reliability, is
used to show the extent to which two assessors or teams
of assessors agree when making independent judgments
about the same software engineering processes. Assuming
nominal scales, Cohen’s Kappa (Cohen, 1960) is the most
popular index to describe the strength of agreement using
a single summary index. A series of interrater agreement
studies conducted as part of the international SPICE trials
does show reasonably high levels of interrater agreement.
Agreement was found to be almost always higher than
‘‘moderate agreement (0.60).’’ If it is accepted that moder-
ate agreement is a minimum for practical usage, then these
results are encouraging for users of ISO/IEC 15504 (El
Emam et al., 1996; El Emam and Marshall, 1998; El
Emam, 1999). More recent work by Jung (2003a) provides
further discussion about paradoxes in the interpretation of
the Kappa coefficient that is used in the SPICE studies.

2.4.2. Predictive validity

A basic premise of ISO/IEC 15504 is that higher capa-
bility is associated with better project performance and
product quality. Furthermore, improving higher capability
is expected to subsequently improve both performance and
quality. Testing this premise is an evaluation of the predic-
tive validity of the assessment measurement procedure.
This section is based on two studies conducted by El-
Emam and Birk (El Emam and Birk, 2000a,b) on predic-
tive validity of process capability measures.

El Emam and Birk (2000a,b) evaluated the predictive
validity of four processes shown in Table 1. They used a
two-stage analysis procedure to evaluate the predictive
validity. The first stage determines whether the association
between ‘‘Process Implementation’’ (up to level 3) of the
development processes and each of the performance mea-
sures is ‘‘clinically significant’’ using the Pearson correlation
coefficient. This procedure indicates a magnitude that is suf-
ficiently large. If it does, then the statistical significance of
the association was exploited by utilizing an OLS (Ordinary
Least Squares) regression. The OLS model is separately



Table 1
Summary of the predictive validity study

OU size Performance measure Process(es)

Small organizations Ability to meet budget commitments
Ability to meet schedule commitments Develop software design (ENG.3)
Ability to achieve customer satisfaction
Ability to satisfy specified requirements
Staff productivity
Staff morale/job satisfaction

Large organizations Ability to meet budget commitments Develop software design (ENG.3)
Implement software design (ENG.4)

Ability to meet schedule commitments Develop software design (ENG.3)
Ability to achieve customer satisfaction Develop software design (ENG.3)
Ability to satisfy specified requirements Develop software design (ENG.3)
Staff productivity Develop software requirements (ENG.2)

Integrate and test software (ENG.5)
Staff morale/job satisfaction Develop software design (ENG.3)
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applied to each of the performance measure with univariate
analysis and a Bonferroni adjusted alpha level when per-
forming significance testing (Rice, 1995), where overall
alpha level set to be 0.1. Table 1 shows the findings from
the predictive validity evaluations, where small organiza-
tion implies less than or equal to 50 IT staff (Sanders, 1998).

In Table 1, the verisimilitude of the predictive validity
premise for small organizations was supported with weak
evidence. This may be an indicator that the process capa-
bility measure is not appropriate for small organizations,
or that the capabilities stipulated in ISO/IEC 15504 do
not necessarily improve project performance in small
organizations.

2.4.3. Evaluation of the exemplar assessment model (Part 5)

The ISO/IEC 15504 document set (ISO/IEC 15504,
2003) contains an exemplar assessment model (Part 5).
One motivation for developing this model was to make it
easier for organizations to use the Standard immediately.
El Emam and Jung (2001) intensively evaluate a variety
of issues such as use of the exemplar model; usefulness
and ease of use of the exemplar model; meaningfulness of
the rating aggregation scheme; usability of the rating scale;
usefulness of indicators; understanding of the process and
capability dimensions.

Nearly all of the participants in the trials used the exem-
plar assessment model (Part 5: PDTR version) as a source
of indicators (95.5%). Approximately 82% of the respon-
dents have used Part 5 intensively. This implies that Part
5 was intensively used in assessments. In general, lead asses-
sors found Part 5 both useful and easy to use. Furthermore,
they were satisfied with the level of detail of the exemplar
model (87.2%). However, a minority expressed some con-
cern that they could have produced accurate judgments
with less detailed evidence. For the capability dimension
almost all of the assessors were confident about their under-
standing up to level 3 attributes. However, the confidence
level dropped for levels 4 and 5 in the perceived consistency
and repeatability of their judgments. Subsequently, the
Standard was revised according to the recommendation.
2.4.4. Assessment effort

The studies of assessor effort based on Phase 2 of the
SPICE Trials show that consensus and interrater agree-
ment are two of the most important factors to reduce
assessment cost. The consensus problem and the extent to
which assessors reach high interrater agreement is partially
related to issues discussed in the exemplar assessment
model. Improvement of the exemplar assessment model
can expect to decrease the concerns about the high cost
of assessments (Jung et al., 2001; SPICE Project, 2003).

In addition, since high interrater agreement can reduce
the consolidation effort in assessments of only ‘‘Organiza-
tional’’ type processes, it is suggested that WG10 formally
or informally introduce a classification of processes into
‘‘Organizational’’ and ‘‘Project’’ type processes. Then,
assessors can pay most attention to the ratings of ‘‘Organi-
zation’’ type processes in order to reduce the cost of the
assessment, and also that future research should focus on
improving the reliability of rating this type of process
(SPICE Project, 2003).

2.4.5. Comparison with ISO 9001

A comparison study between ISO/IEC 15504 and ISO
9001 was conducted to provide empirical answers to the fol-
lowing questions relating to ISO 9001 and ISO/IEC 15504:

• At what ISO/IEC 15504 capability level would one
expect an ISO 9001 certified organization’s processes
to be?

• Is there any significant difference in the SPICE capabil-
ity levels achieved by the processes of ISO 9001 certified
organizations and those of non ISO 9001 certified
organizations?

The capability level for each of the 29 software processes
in ISO 9001 certified OUs is higher than that in non ISO
9001 certified OUs except for two processes with small
sample size. The (sample) average capability level for each
SPICE process lies between 1 and 2.3 in ISO 9001 certified
OUs (Jung and Hunter, 2001).
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Since ISO 9001 (2000) uses a process-based approach
and includes some changes to the requirements of ISO
9001 (1997), ISO/IEC 15504 and the latest version of ISO
9001 are much more consistent than before. Therefore, it
is expected that this consistency between the two Standards
would tend to make ISO 9001 certified OUs achieve higher
capability levels in terms of ISO/IEC 15504 than presented
here (Jung and Hunter, 2001).
3. Looking to the future

3.1. Organizational maturity

At the commencement of the SPICE Project, there was
no clear distinction between organizational maturity and
process capability. The Study Group report (ISO/IEC
JTC1/SC7, 1992) established as a requirement that the
Standard should ‘‘support output as process profiles which
allow views at different levels of detail.’’

A significant number of available approaches to process
assessment provide results on the basis of an overall scale
of organizational maturity, where each point on the scale
represents gaining specific capabilities across a set of pro-
cesses. While initial ‘‘maturity models’’ fell within the
domain of software engineering, the concept has been
extended to other domains (see, for example, the CMMI
(Chrissis et al., 2003)), and most recently to the discipline
of project management.

With the evolution of concepts of process capability, it
has become accepted (see, for example, CMMI (Chrissis
et al., 2003)) that levels of organizational maturity can be
considered in terms of ‘‘process profiles’’, where a specified
Maturity Level equates to specified achievement of Capa-
bility Levels across a pre-defined set of Processes.

Significant debate has arisen over the appropriate scope
and composition of appropriate process profiles for a
declared level of ‘‘organizational maturity’’, as well as the
necessary level of rigour and scope for assessment of this
attribute. The availability of a defined scale and a mecha-
nism for defining appropriate conditions applying to a
maturity scale would help to resolve these concerns. These
pressures have led to a new attempt to define a standard
covering the issue of organizational maturity. Through
the development and empirical investigation of process
assessment, a better understanding has been achieved of
the relationships between sets of process capabilities (often
described at the project level) and organizational maturity;
a consequent opportunity has been identified to enhance
ISO/IEC 15504 to address the assessment of organizational
maturity.
3.2. Scope of models

The initial scope of work for ISO/IEC 15504 was limited
to the processes of the software life cycle. In this it reflected
the scope of the Software CMM, and also embodied the
then scope of the standardisation community within
JTC1/SC7. Over the course of its development, however,
the applicability of the approach has been seen to be
appropriate for other domains; and this has been accompa-
nied by recognition of the synergy between software and
systems engineering, with an accompanying increase in
the scope of standardisation efforts.

The major challenge for the Standard is validation that
the requirements can be used to establish conformance not
only of ‘‘purpose-built’’ assessment models, but also of
models constructed by other communities of interest that
do not reflect the structures implicit in the Standard. A
key challenge in relation to this is the establishment of for-
mal conformance of the CMMI model to the requirements
of ISO/IEC 15504. Considerable progress has been made in
this regard; a detailed mapping of the Process Areas of
CMMI to the processes defined in ISO/IEC 12207 has been
developed (Tuffley and Rout, 2004), and a correspondence
established between the Generic Practices of CMMI and
the Measurement Framework of ISO/IEC 15504-2 (Rout
and Tuffley, 2005).

Since the publication of ISO/IEC 15504-2, with the
explicit requirements for external Process Reference Mod-
els and the development of associated Process Assessment
Models, there has been significant interest in the develop-
ment of domain-specific PRMs and PAMs. Models have
been developed that reflect the interests of the Aerospace
domain (SPICE for SPACE) (Rodriguez-Dapena, 2003);
the Automotive sector (Automotive SPICE) (Automotive
SIG, 2005; Fabbrini et al., 2002b) while additional models
have been initiated in the field of Medical Device software
(McCaffery et al., 2004). Within the standards community,
JTC1/SC7 has taken on (through its WG10) the develop-
ment of an exemplar Process Assessment Model for Sys-
tems Engineering.

4. Impact

The publication of ISO/IEC 15504 is an appropriate
time to review the impact of its development, and the par-
allel undertaking of the SPICE Project. There is little doubt
that the innovative approaches embodied in this develop-
ment have advanced the state of knowledge and practice,
not only in its subject area, but more widely in the fields
of standardisation and empirical software engineering.

4.1. Understanding processes

It is important, in communicating information about
processes, to have a mechanism that ensures that the enti-
ties under discussion are clearly identified; so that, when we
are talking about ‘‘oranges’’, all of the entities are
‘‘oranges’’, and there are no ‘‘mandarins’’. This issue
became an important concern in the development of the
SPICE framework; one of the key contributions of the
work has been a resolution that offers a new and fruitful
approach to the definition of processes.
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A consideration of existing approaches to process defini-
tion leads to the following conclusions:

• A process is decomposable into other elements (actions,
activities, steps, . . .).

• The elements of a process form some type of sequence –
are interdependent in their results.

• The elements are assembled in order to achieve a specific
end-result.

From these concepts, it can be seen that there is not a
unique set of elements for a specific purpose – that is, there
is more than one set of actions that will achieve a desired
result. Also, it is possible for elements of a process them-
selves to be decomposable – that is, a process can be com-
prised of other processes.

The further contribution of the SPICE project has been
to make explicit the variety of ways of specifying processes.

• If we want to describe how a process should be per-
formed in order to achieve the desired result, we would
specify a set of specific actions (practices) and the rela-
tionships between them.

• The descriptions of actions, and of their inter-relation-
ships, can be more or less prescriptive. A more prescrip-
tive approach – giving detailed instructions of what is to
be done – will be suited for use within an organization,
especially where the context of use is consistent. A less
prescriptive approach will be more suited to application
across organizations and industry sectors; here the
descriptions of actions (practices) try to convey what is
to be done, rather than how it is to be performed. This
approach is common in standards and descriptive pro-
cess models, such as ISO/IEC 12207 or CMMI.

• If we wish to specify what a process is meant to achieve, a
different approach is needed. One which has proved suc-
cessful is to specify the process in terms of its purpose,
and the outcomes of its implementation. The outcome
statements describe tangible evidence of achievement of
the process purpose. The approach has been used suc-
cessfully in ISO/IEC 15504 and has been adopted by
JTC1/SC7 as a basis for process specification.

4.2. Developing standards

The process of standards development – particularly at
the international level – has been shown to be time consum-
ing, resource intensive, and on occasion to result in
products that satisfy few of the needs of the user
community.

The development of standards – particularly at the inter-
national level – is always a process of compromise, in
which political concerns and technical ideals need to be bal-
anced (ISO/IEC JTC1/SC7, 1992). This reality was recog-
nised in the study group report that initiated the SPICE
Project, with the recognition of requirements such as:
‘‘The process assessment standard shall:

• be culturally independent;
• be supportive of and consistent with other ISO/JTC1/

SC7 standards and projects; and
• be supportive of and consistent with the ISO 9000 series

of standards.’’

More generally, there is a recognised requirement for all
Standards that they should encourage freedom of com-
merce between nations, and should not be capable of use
in erecting trade barriers. Where a Standard – such as the
Process Assessment Standard – is intended for use in com-
mercial contractual situations, these political and commer-
cial considerations can substantially impact on the final
design of the Standard.

Where feedback from potential users of the developing
Standard is not available, concerns over such political
issues may outweigh the technical concerns, resulting in
Standards in which the technical matters have been so com-
promised to relate to real or imagined potential commercial
implications that their usefulness to the user community is
significantly limited.

4.3. Empirical software engineering

The SPICE trials have had influence on empirical soft-
ware engineering well beyond the development of ISO/
IEC 15504. With the exception of a few notable case stud-
ies (El Emam and Goldenson, 2000), relatively little quan-
titative empirical research about process assessment and its
role in model-based process improvement existed prior to
the SPICE trials. The trials provided opportunities for such
research that were not available previously.

As yet, however, no other ISO/IEC Working Group has
included empirical trials as a proactive basis for developing
a software engineering standard. The SPICE trials remain
unique.

Clearly, the development of ISO/IEC 15504 was influ-
enced by many factors. Yet, the SPICE Trials did affect
the final outcome; specifically, the results of Phase 1
affected decisions taken in the development of ISO/IEC
TR 15504-2, while some of the Phase 2 findings were criti-
cal to the review of the Measurement Framework in the
process of revision to a full International Standard. The
repeatability studies in particular helped make the case
for assessment team size requirements. Confidence in the
usability and validity of the Measurement Framework
was provided by the trials results. In addition, experiential
knowledge gained through participating in the trial assess-
ments helped shape the thinking of many Working Group
members, and the performance results provided confidence
in the suitability of the entire Standard.

The most successful standardisation efforts are those
that are based on pre-existing material developed by user
groups within the community of interest – the efforts of
Working Groups 11 (aligned with the CDIF Group) and
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12 (aligned with various Function Point and Software
Measurement groups) within ISO/IEC JTC1/SC7 are good
examples of this.

Where no widely acknowledged user group exists, the
development of standards occurs to a greater or lesser
extent, in a closed community of experts whose primary
interest is the development of the standard, with its subse-
quent use being a lesser concern. There is predominance in
the software engineering standards community of represen-
tation from acquirers – bodies with an interest in seeing
that developers use defined processes and adhere to com-
mon standards. The primary users of the standards are less
well represented, and the extent of their involvement in the
development is variable.

There is a need for better inclusion of user feedback into
standards development. The existing process for standards
development is oriented primarily towards document
review as the principal mechanism for feedback, with no
ready mechanism for inclusion of experiential input from
users. The use of user trials within SPICE has shown the
benefits that can be derived from such feedback, and the
project should establish a precedent for better user contri-
bution to the standardisation process.

4.4. Adoption

It is one thing to develop a standard, another to evaluate
its usage. Data available to evaluate the usage of ISO/IEC
15504 comes from a number of sources. El Emam and
Garro (2000) estimated the number of SPICE assessments
conducted using ISO/IEC 15504 during Phase 2 of the
SPICE Trials; a capture-recapture method estimated
around 1250 SPICE based trial assessments up to 2000.
A Special Working Group of SC7 (SWG5) collected infor-
mation on the number of ‘‘Google Hits)’’ for each of the
Standards developed by the Committee; a search for
‘‘ISO/IEC 15504’’ resulted in 4960 hits in June 2003; as
at October 2005, a similar search yielded 49,200 hits. The
substantial increase can be attributed partly to the expan-
sion of the Internet itself; however, it also confirms growing
interest in and use of the Standard. Scholarly research into
the domain of the Standard is also considerable; A search
of published literature using Google Scholar yielded
1,040 articles in October 2005.

Because the performance of assessments using ISO/IEC
15504 is not specifically linked to any specification scheme
for certification of assessment results (unlike CMMI, for
example), the number of assessments performed cannot
be determined with any accuracy. Experiences of the
authors indicate widespread adoption of the SPICE
approach, especially in Europe. Adoption in other coun-
tries has also been monitored; there has been extensive
use of the Standard in Korea (Jung, 2005a) while there
are reports on usage in Australia (Cater-Steel et al., 2006;
Rout et al., 1998; Rout et al., 2001).

The development of specific PRMs and PAMs for indi-
vidual domains is also indicative of the level of adoption of
the Standard; in particular, the release of Automotive
SPICE (Automotive SIG, 2005; Fabbrini et al., 2002b)
has driven an extensive volume of assessments.

5. Conclusions

Our intention in this paper has been to attempt to doc-
ument the achievements of the SPICE Project and the
accompanying standardisation effort in the domain of pro-
cess assessment. We have demonstrated the significant
advances in the understanding of the nature of process
capability and its evaluation that have been made possible
through these efforts.

The integration of theoretical, definitive and empirical
studies in the development of ISO/IEC 15504 is unique in
the domain of software and systems engineering. It has
resulted in the development of a framework that has appli-
cation well beyond the initial field of application of software
engineering; there have been demonstrated applications in
fields outside the information technology area (Coletta
et al., 2005).

In addition to the growth in theoretical understanding,
there has been a parallel growth in knowledge of the impact
of process improvement approaches and the process of
process assessment, through the empirical investigations
of the trials. The experiences of SPICE have raised expec-
tations throughout the software engineering community
in terms of the need for effective standards that have been
validated through empirical investigation. Efforts such as
SPICE will increasingly be expected in large-scale stan-
dardisation efforts.

Finally, the overall strategy has resulted in a new Stan-
dard that is widely known and extensively used; this is the
key criterion of the success of the effort. It is an effort that
continues, and we expect that the patterns of past achieve-
ment will continue to be expressed in the future.
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