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Abstract

Every project — whatever the application field — should be managed taking into account at least four dimensions:
Time, Cost, Quality and Risk. To manage these dimensions, a key tool for a Project Manager is to increase project
visibility, defined as the amount of information about the project associated with its probability of occurrence. This
paper uses the “iceberg” metaphor to introduce the ICEBERG (Improvement after Control and Evaluation-BasEd
Rules and Guidelines) approach that can help Project Managers through the use of standard (de jure and de facto)
ICT methods and techniques. This approach focuses not only on the management, and measurement, of resources,
process and product, but also of the project and the organization itself. A list of candidate measures related to these 5
entities is suggested for a comprehensive software measurement plan in order to reduce project risk.
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1. Introduction
Project management is defined in [PMI196] as “the application of knowledge, skills, tools, and techniques to project
activities in order to meet or exceed stakeholder needs and expectations from a project”. Further: “Meeting or
exceeding stakeholder needs and expectations invariably involves balancing competing demands among the following:

e Scope, time, cost and quality

o Stakeholders with differing needs and expectations

o Identified requirements (needs) and unified requirements (expectations)
The term project management is sometimes used to describe an organizational approach to the management of
ongoing operations.”
This definition includes the dimensions that should be tackled during the management of a project, whatever the
application field: Time (T), Cost (C), Quality (Q) and Risk (R)" which can be expressed as

T=1(C,Q,R)

There are several relationships among the three independent variables. For instance, the greater the risk, the greater the
possibility of incurring a cost increase as well as longer delivery times and lower product quality delivered. In the
software engineering community, researchers have tailored and adapted generic classic risk management techniques to
the software world [BOEH91] [VANS92] [CARR93] [ABRA99].
Similarly, significant work has been carried out to tackle the quality issue. This paper presents in section 2 a review of
the work carried out to date in the quality domain in section 2, and in section 3, a framework for combining and
integrating various contributions from progress achieved to date to ensure greater success in the management of a
software project.

! Risk has been defined in several ways, for instance as:
. hazard, chance of bad consequences, loss, etc, exposure to mischance (The Concise Oxford Dictionary, Tth ed., 1982)
. the potential for realization of unwanted negative consequences of an event (Rowe, W.D. An Anatomy of Risk. Malabar, Florida: Robert
E. Krieger, 1988., p.24)
. the measure of the probability and severity of adverse effects (Lowrance, W.W. Of Acceptable Risk. 1.os Altos, California: William,
Kaufmann, 1976, p.94)

®  the possibility of suffering loss, injury, disadvantage, or destruction (Webster’s dictionary, 1981, p.1961)
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2. Evolution and contribution of Quality Management approaches

2.1. Evolution of Quality Management frameworks
A Quality Management (QM) system is a risk mitigation strategy. Figure 1 presents the European Software Institute
(ESI) view of how quality management approaches have evolved over the past century: quality control, quality
assurance and, more recently, total quality including process improvements.

Partnership
Society TQM
Organisation SPI
Quality
Client Assurance
QA)
Product Quality Control (QC)

1920 1950 1970 2000
Fig. 1 — Evolution of Quality usage in the 20" century- ESI

For instance, Quality Control activities, for example, are typically performed to produce, and document, the quality of
the end product (i.e. environmental data). Some classic examples of QC activities include: instrument calibrations,
chain-of-custody procedures (they track the samples from collection, through analysis, to disposal) and performance
evaluation sampling. Quality Assurance (QA), which came into vogue in the ‘50s can be seen as a system of
management activities involving planning, implementation, assessment and reporting to make sure that the end product
(i.e. environmental data) is of the type and quality needed to meet the needs of the user. Some examples of QA
processes include: Data Quality Objectives planning system, audits, and Standard Operating Procedures (documents
which describe how routine procedures are performed to ensure that they are consistently carried out)”. The QA
movement remains important in the context of the ISO 9000 certification series.

2.2. Software Process Improvement Models and Quality Models
For a company to be competitive in markets that thrive on innovations, such as in the software field, QA is not
sufficient. For example, the control of the conformance of a process adds “repeatability” to the process, but does not
address the “Innovation” dimension required for continuous improvements of the assets (tangibles and intangibles)
owned by the company.
Various software process assessment and improvement (SPAI)’ models and frameworks have been proposed, such as
CMMs, SPICE, Bootstrap. These models are derived from the recognized best practices a company should follow.
There exist, of course, several overlaps, as well as complementarities, between QMs (such as ISO 9001 -- the ISO
tailoring for the software organizations) and SPAI models (such as Sw-CMM [PAUL93]). For instance, the CMM
tackles some of the areas not addressed in ISO 9001 [ISO94], such as:
e Specific methods (/evel 3)
e  Software architecture analysis
e  Peerreviews
e Integration testing
e  Software baselines
Senior management involvement (level 3-5)
Process database (level 3)
Process for development of internal training (/evel 3)
Standard software process (level 3)
Organization-wide measurement (level 4)
Process improvement (level 5)
Technology change management (level 5)

At the same time, there are areas of ISO 9001 that are not addressed in the CMM:

e Records (clause 4.16)

e Post-release customer complaints (clause 4.14)

e  Production (4.9), packaging, handling, storage and delivery (4.15), servicing (4.19)

ZA list of “popular and powerful methods™ for product quality is also cited in [SMITO1].

” Those frameworks are commonly referred to as SPI models, but they properly “assess” (even if in an implicit way) and “improve” the organization
that adopts them. Thus in our opinion, in order to stress this double role played, it would be more correct to call them SPAT models.
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Table 1: The mapping of SW-CMM vi.1 and ISO 9001 1994 and 2002 versions)42

TOPIC SW-CMM v.1.1 1SO 9001:1994 1SO 9001:2000
Corrective actions L2 KPA SPTO, Goal 2 — Activity 6 4.14.2 852
Problem prevention L5 KPA DP 4.14.3 853
Resources Abilities Common Feature in every KPA 4122 6.1+6.2.1
Training Abilities Common Feature in every KPA 4.18 6.2.2
Audits L2 KPA SQA, Verification KP in all KPAs 4.17 822+823
Process and lifecycle definition L2 KPA SPP, L3 KPA OPD 44 72+73x
4.9 63+64+751+752
Continuous Improvement L5 4.14 8.52+8.53
4.17 822+823

While, there are no direct connections between QM and SPAI models, there are series of intersections and
complementarities — Figure 2. For example, no Key Practices in the CMM are in conflict with the requirements of ISO
9001, and almost all its Key Practices supports some requirements in the ISO standard. Note that ISO 9001 certified
companies should have strong foundations at all CMM levels, but without necessarily fulfilling Level 2. Similarly a
recognized high maturity level in the CMM model is no guarantee that it will be recognized as compliant with the ISO
standard: for instance, it is reported in [PAUL94] that some “mature” organizations have failed to achieve 1SO 9001
certification.

|
Fig. 2 — SPAI and QM have both unique characteristics and some overlaps

It can be also observed that methods and techniques from either model can be grouped according to organizational
priorities and strategies for either staged or combined implementation.

2.3. Software Projects Measurement frameworks
Another important set of activities in Project Management involve measurement. This has been recognized in the latest
revision of the Sw-CMM model, CMMI (CMMs Integration) [SE102a] [SEI02b], in which a new measurement process
area is introduced at Level 2. However, the model does not address the identification and selection of the entities to be
measured.
In the software measurement literature, the taxonomy proposed by Fenton & Pfleeger [FENT97] takes into account
three types of entities: resource, process and product. However, while it is interesting to measure and monitor only the
management of a single process or project, not observing and managing the whole picture (the broader context in which
a software-related development activity is included) can lead to considerable project risks.
In addition to QM, other approaches, such as the Balanced Scorecard (BSC), have been proposed to tackle the broader
organizational perspective by deploying the strategy in a measurable way through the Goal-Driver-Indicator (GDI)
elements. A key strength of the BSC is the identification of causal chains (e.g. Porter’s Value Chain) which links all the
goals across the various perspectives. But BSC and its variants for the ICT field (BITS, AIS BSC, Gartner BSC, etc.) do
not have a clear and defined action plan, because of the variability of a strategy which has not been predefined. By
contrast, SPAI frameworks are improvement-driven, but miss the strategic element, because there is a predefined and
unique strategy foreseen for a generic Software Intensive Organization (SIO). The following table summarizes some of
the strengths and weaknesses of the three types of quality approaches (QM, SPAI, BSC):

Table 2: Quality Models Strengths and Weaknesses

FAMILY METHOD STRENGTHS 'WEAKNESSES

SPAI . Path to organizational maturity e No focus on the business organizational strategy. Pre-defined path from
L1 to L5 (staged model)

QM . Strong focus on Controls and Assurance | e  Little attention to improvements (even with the ISO Vision 2000 series)

BSC . Causal Chain among perspectives e  No clear nor defined action plan after measurement and after drawing
the strategy map

4 For convenience, we refer to the well-known ISO 9001:1994 clauses and then, we present in the following table a cross-reference to the new ISO
norm [ISO00], according to the Appendix B.1 mapping table.

> SI0s are organizations whose main objective is software development and selling or software, departments of organizations that develop software
as integrating part of its final products, or organizations that develop software for internal use to achieve better business results, or whose software
department can be qualified as an independent organizational unit (European Software Institute, 1997).

3



3. The ICEBERG approach

To leverage all the approaches surveyed above, we propose to combine and integrate this “path towards quality
excellence” under a new acronym: ICE (Improvement after Control & Evaluation). Specifically, the “I” refers to the
Quality Improvement stage in the Quality Evolution schema previously mentioned, the “C” to Quality Control and the
“E” to Evaluation in the Quality Assurance context, ICE corresponding to the QC->QA->QI organizational maturity
path to Quality.

To manage the risk of a project during its lifecycle, project visibility, in particular, must be achieved, monitored and
managed. Project visibility has been defined as the amount of available information about the project associated with
its probability of occurrence, that it will come true or, using a formula:

n Where:

PV = Z ( Al * ) PV=Project Visibility
p); Al=Auvailable Info

P=probability of Occurence of the fact associated to that info
T=current index

N=amount of information that could be managed

i=1

This can be illustrated with the iceberg analogy, as in Figure 4,
where:

e the project is like an iceberg — that is, while the project manager knows great deal about his project, a
significant portion of it is either not precisely known, or contains large areas of uncertainty and risk, and will
evolve over the life of the project;

e the project manager has the captain’s role of steering the ship, trying to discover the hidden characteristics of
the iceberg (i.e.: submerged dimensions of mass and form, melting situation, velocity, etc.);
the project visibility level, and a corresponding waterline below which it cannot be directly observed,
the available timeframe from when a problem has been detected until it can be profitably solved, which
corresponds to the distance between the ship and the iceberg (“time for collision”).

In this metaphor, the captain selects navigational course, which would correspond to the organizational strategy for a
software project. Like the captain, the project manager is in a situation where a very significant amount of
information is not directly available. The question is: how can greater project visibility be derived when only a small
portion of it can be directly obtained with a fair degree of certainty? The objective of the proposed ICEBERG
approach is to increase the visibility of the project or, using the iceberg metaphor again:

e to determine what is below the “waterline”, through specialized studies and the use of the relevant
measurement instruments (more information on the project available through a more indepth measurement
activity);

e to implement mitigation strategies to maintain a sufficient distance between the “ship” and the “iceberg”,
avoiding crashes (problems solved on time);

The project-related view is not enough, however. At least two additional entity types must be taken into account and

measured for planning and control — Figure 3:

o the organization (since the way it works and is organized significantly impacts project performance), and

e the portfolio of projects the organization is running and managing; every project can be thought of as a box
containing the traditional IPO (or, according to Fenton’s labelling, resources-process-product) elements; this is the
logic behind the design of the BSC [KAPL92] [KAPL93] [KAPL96], identifying the causal linkages among
processes driven by a strategy.

We refer to this set of 5 entity types as STAR (Software entity TAxonomy Revised) and will use it to monitor an ICT

company and its software projects.

Organisation

ProjectZ |
Project Y |
Project X

Resources’ | Process

Fig. 3 — The 5 software entity types measurable in a Software Intensive Organization (SIO) — STAR
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Fig. 4 — The “Iceberg” metaphor for Project Management

This combination of SPAI and QM models in Figure 2 can also be combined with the BSC to tackle the strategy
viewpoint through the measurement of the five entity types of STAR.. We refer to the combined approach as the
ICEBERG (Improvement after Control & Evaluation-Based Rules and Guidelines) approach.

SPAl ‘ o

BSC

Fig. 5 — SPAI, OM and BSC models can be combined to improve project visibility with the *“ ICEBERG” approach.

For a software organization which needs ISO 9000 certification, and also wants to tackle software process improvement
(SPI), the set of methods listed in Table 3 would constitute a reasonable strategy.

Table 3: Families of Models, and respective frameworks available

FAMILY OF METHODS FRAMEWORK CHOSEN WHICH USAGE...
SPAI e  CMMIv.1.1 Continuous Model o For the maturity path and the improvement actions (according to BITS)
QM e 1SO9001:2000 o For the Quality Assurance topics
BSC . ESI’s BITS (5 perspectives) . For the Performance Management issues (general framework)
L] L]

QEST/LIME [BUGLO1] [ABRA02]

For the measurement of the performances obtained applying BITS

With the ICEBERG approach, how to address which kind of measures can be used to take into account the five types of
entities? While in decentralized environments, managers are left free to choose individual measures (as promoted by the
GQM [BASI94] [SOLI99] paradigm), another paradigm involves deploying measures according to a pre-defined



Management framework such as BSC, where the central point is the strategy linking all the measurable elements in a
coordinated way within an organizational perspective, and from top to bottom®.

This of course requires implementation of a mapping among the five STAR entities and the BSC approach. Table 4
shows illustrates such a mapping proposal using the 5-perspective classification of the ESI’s BITS (Balanced IT
Scorecard) [IBAN98] [REO99a] [REO99b] [REO00] for SIOs; this will facilitate the selection and choice of a certain
number of measures and indicators.

Table 4 :Software Entities matching the ICT BSC perspectives

7 s SOftw;,Selig:lty 37 iy Main ICT BSC perspective(s) involved
Organization Financial
Project Infrastructure & Innovation
Resources People, Customers (requirements), Infrastructure & Innovation
Process Process
Product Process, Customers (feedback)

In particular:

e Organizational entity refers to all the other measurable items required to deal with Infrastructure & Innovation,
People, Customers, Financial Perspectives (the other items less than the Process item) in the ICT BSC (i.e. BITS);

e Project entity refers to the processes as the logical objects composing a project. Recognized project-related
measures are: functional size, Earned Value (EV) and other related time-based measures.

Table 5 lists some possible direct /indirect measures (or indicators) for each entity proposed in the STAR taxonomy.

Table 5 : STAR entities and related measures/indicators

Software Entity

Measures /Indicator

Notes

Organization

ROI (Return On Investment)

ROS (Return On Sales)

ROCE (Return On Capital Employed)

EVA (Economic Value Added)

Breakeven time

Percent of revenue from products developed in last 4 years
Proposal win %

Cost performance

Net present value of cash outflows for development and
commercialization and the inflows from sales

These measures deal with financial issues, as in
the Financial Perspective in the ICT BSC

Project

Development cycle time trend (normalized to program complexity)
Earned Value (EV)

Schedule performance

Program/project cost performance

Actual staffing (hours or headcount) vs. plan
Personnel turnover rate vs. % of milestone dates met
Schedule performance

Milestone or task completion vs. plan

On-schedule task start rate

Phase cycle time vs. plan

Time-to-market or time-to-volume

These measures are of interest to a Project
Manager in deploying his project activity,
looking at both Technical and Economical
viewpoints.

Resources

Percent project personnel receiving team building/team launch
training/facilitation

Average training hours per person per year or % of payroll cost for
training annually

IPT/PDT turnover rate or average IPT/PDT turnover rate

Percent core team members physically collocated

Staffing ratios (ratio of each discipline's headcount on project to number
of design engineers) Personnel ratios

Staffing (hours) vs. plan

Requirements coverage

Technology impact

These measures focus on the management of
people, infrastructure and materials, searching
Jfor information about the degree of efficiency
with which they are managed

Process

Product ship date vs. announced ship date or planned ship date
Mean time between failures (MTBF)

Labor hours or labor hours / target labor hours

Mean time to repair (MTTR)

Productivity

Cycle time

Defect containment

Process audit findings

Reference model ratings

These measures focus on the way a certain
process (typical in a given industry) is deployed,
in a direct or indirect way

6 Some of the key differences between the GQM and the BSC approaches are discussed in [BUGL00].




Product - Product performance or product performance / target product These kinds of measures are intended to focus
performance or technical performance measures (e.g., power output, on the final product
mileage, weight, power consumption, mileage, range, payload,
sensitivity, noise, CPU frequency, etc.)

- Number of parts or number of parts / number of parts for a last-
generation product

- Defects per million opportunities or per unit

- Field failure rates or failure rates per unit of time or hour of operation

- Engineering changes after release by time period

- Design/build/test iterations

- % of requirements analyzed/simulated

4. Conclusions

Managing a project requires taking into account several project and organizational aspects, in addition to only the
technical ones. Many constraints must be considered simultaneously, and one of main challenges is to decrease the
probability of project risks.

Several families of methods and techniques have been created and developed somewhat independently over the years;

the implementation of one at a time, in any sequence, would not necessarily optimize expected benefits or minimize

implementation costs.

In this paper we have proposed a combined implementation by merging Quality Models (such as ISO 9001) with SPAI

methods (such as SPICE or CMMI) from an improvement viewpoint and, as also stated in the new ISO 9001:2000

standard. Such a solution is referred to as the ICE (Improvement after Control & Evaluation) approach..

Trying to improve processes without a proper cause-effect analysis could however be misguided and represent

inefficient use of resources. A more comprehensive framework has been proposed with BSC since ICE alone cannot

take into account the organizational strategy. So, the intersection of ICE plus an ICT BSC technique was proposed in a

combined approach referred to as ICEBERG (Improvement after Control & Evaluation-BasEd Rules and Guidelines).

The application of a BSC framework within ICEBERG means that a greater number of entities will be measured to

tackle a larger number of required perspectives. Therefore, the well-known three-entity taxonomy (Resource-Process-

Product) was further expanded to handle the two types of entities: organization and project; this was referred to as the

STAR (Software entity Taxonomy Revised) taxonomy. A number of candidate measures have been proposed for the

five entity types.

Some issues are still open and could be solved through observations in industrial implementations, such as:

e How can ICT BSC be applied in a single technique at the Project level, reporting to the Corporate level). A
candidate solution for properly managing the measurement of performance for the different perspectives is
illustrated in [ABRAO02];

e How to migrate from traditional software project management to an ICT BSC logic using STAR;

e  What are the risks inherent in implementing an ICT BSC.
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