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The objective of the study was to develop a measurement framework for information systems (IS) 
development. This objective was approached by a broad literature study. The chosen theoretical 
approach was process management and improvement paradigm. The objective was to identify current 
information systems development best practices and construct a measurement model, which reflects 
these practices. Measurement approach was viewed from three different perspectives: project 
management, development process and general management.

From project manager's perspective the key observation was that different types of projects need 
different sets of measures. There are few measures for IS projects that are commonly agreed and most 
of them are outdated, since they presume waterfall development cycle. Traditional project and 
software measures require stability and predictability from the development process. However, 
modem development practices call for flexible management methods that can guide the development 
process towards team collaboration and customer engagement. As a conclusion for project 
management part, a framework for selecting project level measures was introduced.

IS development should also be viewed, not only per project, but also from process perspective. Project 
perspective ensures, that project is executed within its scope, quality, time and budgetary constraints. 
If it does so, the project can be considered successful. However successful project execution does not 
necessarily indicate that the process producing it is capable. Thus, process view is important part of 
comprehensive measurement model, since process capability is assessed against competitors.

Process management view was based on three process frameworks for IS development: ISO 9000, the 
CMM and SPICE. Each framework was briefly discussed and evaluated. The objective was to 
determine how these frameworks could contribute to measurement system construction. The key 
finding was, that these measures offer guidelines for measurement, but are too general to be used as a 
foundation for measurement system. Also, maturity models, especially the CMM, require a 
predetermined path for capability improvement. If correctly followed the CMM excludes most 
measures that are relevant for process measurement until the levels four or five are reached. Still, 
process maturity models offer valuable guidelines for measurement priorities, as well as a good way 
for benchmarking against other competitors in the industry.

The final part of the study introduced a generic measurement framework for IS development. The 
framework is based on three parts: Measurement model, measurement process and information 
architecture. Measurement model describes the measurement levels of an organization and their nature 
from measurement perspective. Measures are aggregated bottom-up. On unit level the performance is 
evaluated by traditional financial measures supported by key non-financial measures. Process level 
measures are designed to ensure the capability of development process. At the bottom, projects are 
measured based on projects’ objectives. The metric identification, collection, distribution and use are 
governed by measurement process. Information architecture is designed to facilitate effective use of 
measurement model and to ensure that procedures and systems are in place for measurement process 
execution.

The framework is a theoretical presentation of an “ideal” measurement model and it has not been 
tested in real life. The contribution of this study is to offer a road map for IS development 
measurement model building and a theoretical background for case studies or measurement model 
implementations for fairly large organizations in IS and software development industries.

Keywords: information systems development, performance measurement, project management, 
process management, software process
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Introduction 1

1. Introduction

1.1 Background

A cornerstone of any business process improvement effort is the availability of relevant and reliable 

performance indicators - measures. Effectively managed and tracked processes can offer a major 

competitive advantage for an information systems developer. Process management philosophies like 

Total Quality Management (TQM) and Business Process Reengineering (BPR) are also influencing 

software and information systems development, and lately there has been a tremendous interest in 

software process improvement methods. Software process maturity models such as the CMM (Paulk 

et al, 1995) and SPICE have achieved much attention in the IT sector. These models can be seen as 

applications of TQM principles in software industry (Paulk et al, 1995).

In the 1990's numerous companies around the globe have carried out process improvement programs. 

Often the results, however, have been disappointing. Jacobson et al (1995) suggest that 50 to 70% of 

companies that try business process redesign fail. One recognized problem in BPR, has been the lack 

of relevant process performance metrics or inability to take corrective action based on process metrics 

(Davenport et al, 1996). Studies have showed that effective management of information about process 

performance is often an overlooked subject. Even if the information technology was recognized early 

in the life of reengineering as a critical enabler of new process designs, the role of information itself in 

process management has rarely been addressed and only in the context of quality management 

(Davenport & Beers, 1995). Along with process-oriented management philosophies the concept of 

performance measurement has emerged. It stresses the importance of non-financial measures in the 

evaluation of company’s success in its operations. It is a well recognized dilemma that rigid financial 

control overemphasizes short term goals and may hamper long term strategy implementation. An 

information system developer operates in a fast paced industry and must continuously adapt to new 

technologies, methods and application domains. If short-term financial goals are overemphasized, an 

IS developer jeopardizes its competitive position. Performance measurement seeks to balance the 

conflicting goals of financial measurement and operative measurement.

Information system (IS) development is usually a project endeavor. Even if project management 

techniques have not considerably developed since the days of Henry Gantt, the inventor of famous 

timeline charts, keeping the schedule and budget in project work is still a major concern for IS 

developers. Many organizations in the IS industry, fail to lead their business successfully, because 

their project steering and measurement methods date back to the days of centralized computing and 

isolated development teams. Information system projects have traditionally been assessed mainly on

Jali Berg, 1999
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Introduction 2

product metrics or project metrics that measure time, cost, and quality. The development of 

technology and the need to engage users to the development process among other things have 

impacted software project management dramatically. One key deficiency in IS project management 

has been the lack of recognition that different projects require different managerial approaches (Cash 

et al, 1988). Also measures for projects should reflect the characteristics of that project.

A widely agreed hypothesis today is that the quality of the system is best improved by ensuring that 

the process that produces the system is well defined and repeatable. The old product centered metrics 

still hold their significance, but new process oriented metrics for IS development are designed to 

evaluate the efficiency of the development process in general. However, current software process 

models (e.g. CMM) have strong software engineering focus. They center around the project 

management and implementation tasks but do not cover the whole business cycle of a information 

systems developer. Questions such as how to improve and measure sales, negotiation, and bid phases 

are left unanswered by these models. Furthermore, the models themselves provide no support in 

linking the improvement initiatives to the potential business results that could be expected (Ibanez & 

Reo, 1998).

1.2 Research Problem

Measurement of information system development is a fairly undefined field. There are well 

established measurement practices, but still the control over development process seems to be obscure. 

One reason for this is that there is no clear understanding what are the contributors for development 

capability. The research problem is as follows:

What are the key factors that contribute to information systems development capability and what are 

the relevant measures that describe it?

Furthermore, the priorities and relationships of different measures are unclear. A normative model for 

measurement of IS development is thus needed. Another question that this study aims to answer is:

How to define a performance measurement model for information system development.

1.3 Objectives

There is no common measurement model that fits for all companies. On the contrary, measurement 

systems are tailor made for each company or organization to reflect industry specifics and strategic 

goals of the company. The primary objective of this study is to define a general performance

Jali Berg, 1999
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Introduction 3

measurement model for an information systems developer. Information systems developer in this 

context is understood as an organization, and it is presumed that information systems are mostly 

developed by teams and development is structured and managed as a project. The measurement model 

focuses on non-financial operative measures, but it is the objective of this study that also a linkage 

with financial measures will be presented.

The objective is to construct a model that examines IS development from viewpoints of different 

management levels. Some measurement frameworks can be used as the basis for IS measurement 

model building. However, the caveat of most performance measurement models from information 

systems development point of view is that the models are product and manufacturing oriented. This 

study aims to address the challenges that are characteristic to information systems projects.

The secondary objective of this study is to find current systems development, project management and 

control, and process improvement best practices. In order to specify a model for measurement we 

must first study, what are the factors that influence IS development capability. These factors should 

then be placed under quantitative control by designing measures to track them. The measurement 

model offers a way to set priorities for measurement and describes the responsibilities for taking these 

measures and acting upon their results.

1.4 Research Methods

This research is explorative by nature. There is no prior measurement framework for information 

system development that views measurement from multiple management perspectives and provides 

methods for measurement system definition and implementation. A broad literature overview of 

systems engineering, project management, software process management and improvement, business 

process improvement, and performance measurement practices and methods provides the foundation 

of the study. Literature overview describes the scene where IS developers currently operate. During 

literature overview current best practices for information systems project success are listed and 

problem domains are identified. The intention is to find sources of systems development capability. 

Literature overview seeks answers to questions like: What to measure in IS projects? Not necessarily 

how to measure it? The final stage of the thesis is the synthesis of the literature, where a generic 

model for performance measurement is proposed.

1.5 Scope of the Study

It can be simplified that organizational performance is composed of two parts: effectiveness and 

efficiency of the organization. Effectiveness validates that a company is doing the right things to meet

Jali Berg, 1999
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its customers expectations. It is mainly validated by customer satisfaction and ultimately by market 

share and profits. Efficiency quantifies that the company is doing the things right. It is measured by 

process capability and productivity. Since it is the objective of this study to find sources of 

development process capability and construct a measurement model that reflects these findings, the 

primary focus is on efficiency. It would be, however, incorrect to claim that a measurement model 

based on efficiency measures is sufficient. Thus the measurement model also considers the measures 

of effectiveness.

Research problem is viewed from management’s perspective. Managerial issues are discussed on 

three levels: Project management, operative middle management, and strategic, senior management 

level.

The underlying management theories that are used in this study center around the concepts of process 

management. General assumptions are that business should be managed in processes that produce 

outputs that are valuable to customers. This type of managerial approach is top-down, where 

organizational vision, mission and goals are developed in strategy process and then deployed to lower 

levels of organization. Even though these topics are mentioned and some also partly covered, a 

detailed discussion on how company strategy is formed is beyond the scope of this study. Also topics 

such as how to implement TQM program or business process redesign effort and how to define, map 

and streamline business processes are only discussed for the sake of performance measurement. It is 

expected in this study that some key business processes are already identified and take place in an 

organization that wishes to apply the methods described in this study. Also the processes that are to be 

measured should be institutionalized to some extent.

Figure 1-1 illustrates the scope of the study in the process management and improvement paradigm. 

Generally process management can be simplified with 5 basic steps. Defining processes, executing 

them, measuring and controlling them, and making corrective action upon the findings during 

measurement. The gray area visualizes the scope of the study. Major emphasis is put on measurement 

of the process, but also execution, control, and improvement are discussed. The process definition is 

beyond the scope of this study.

Jali Berg, 1999
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Improve
Process

scope 
of the 
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Control
Process

Measure
Process

Define
Process

Execute
Process

Figure 1-1: The Four Key Responsibilities of Process Management (Florae et al., 1997, p.8) and scope 

of the study

The generic measurement model of the study should be applicable in a company that operates 

primarily as an IT provider and delivers the products by project work. The measurement model is 

likely to be applicable also for in-house systems and software development performance 

measurement.

1.6 Structure of the thesis

Chapter 2 introduces the basic concepts of process management and improvement methods for 

business processes. It discusses the basic management principles that are common to most 

performance measurement application. Also the key concepts of performance measurement and 

measurement models are discussed in this chapter.

In chapter 3 project management issues are discussed. The objective is to highlight project 

management key success factors and methods for building project controlling and measurement 

capability.

Chapter 4 takes a closer look at information systems development projects and their management 

related issues. First software engineering activities and lifecycles are studied and some key concepts

Jali Berg, 1999
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Introduction 6

like risk assessment, systems quality, and configuration management are discussed. Finally a method 

for metric selection for different types of projects is introduced.

Chapter 5 discusses management of multiple projects and issues concerning the management of 

software process. Three frameworks for systems quality management and capability improvement are 

discussed and evaluated. Chapter 6 summarizes the key findings of the study and proposes a generic 

framework for IS development performance measurement. Chapter 7 reports the findings of the study 

and discusses some areas for further research.

Jali Berg, 1999
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2. Process management, improvement and measurement

2.1 Introduction

Management of business processes has become one of the most widely used management concept in 

business literature during the 1990's. Process management is general term for managing business not 

by functions but by horizontal processes, that add value to the customer - internal or external. A 

business process by its definition is “a collection of activities that takes one or more kinds of input and 

creates an output that is of value to the customer” (Hammer & Champy, 1992). The origins of process 

management are in the quality movement and Michael Porter’s value chain analysis. Integral part of 

process management is the quest for corporate performance improvement (Porter, 1985). The 

objectives for process improvement are typically (Davenport & Short, 1990):

• Cost reduction

• Time reduction

• Output quality improvement

• Improving the quality of worklife

Management literature (e.g. Hannus, 1993) today recognizes two general approaches to process 

improvement:

• Continuous improvement approach, which seeks on-going incremental improvement. It 

concentrates on existing processes and relies on every employees’ participation. Most process 

improvement paradigms for software or systems development are based on this approach.

• Radical redesign, which strives for dramatic improvement by questionalizing current ways of 

doing things and seeks sources of process innovation. Information technology (IT), is seen as a 

critical driver or enabler for performance improvement.

2.2 Approaches to process management and improvement

Continuos improvement refers to incremental enhancement of process performance. The process 

management terms that are typically grouped under continuos improvement are (Hannus, 1993): 

Japanese lean management, activity based costing (ABC), and the most widely used Total Quality 

Management (TQM).

TQM is a philosophy or approach to management that is grounded on three core principals (Evans & 

Lindsay, 1996):

1. A focus on the customer

Jali Berg, 1999
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2. Participation and teamwork

3. Continuous improvement

ISO 9000 quality management series defines quality as "meeting or exceeding customer expectations". 

This is perhaps the most common definition of quality today. This is to say that quality is not 

determined by product characteristics, but instead how well the product can satisfy its customer. 

Customer orientation does not only mean external customers of a company, but also internal 

customers, who are recipients of process outputs within an organization. The significance of teamwork 

in TQM has its roots in Japanese quality circles.

The key in TQM philosophy is continuos improvement. The most common way to describe continuos 

improvement is the so called Demming cycle. The Deming cycle (also called PDCA-cycle) is 

composed of four stages: plan, do, check, act. The plan stage consists of studying the current situation, 

gathering data, and planning for improvements. Its activities include defining the process, its inputs, 

outputs, customers, and suppliers (Evans & Lindsay, 1996). In the do phase the planned improvement 

activities are implemented and then studied in check phase. Based on the performance and fit of the 

solution the new practice is institutionalized or corrective actions are taken. Figure 2-1 illustrates the 

PDCA-cycle.

Figure 2-1 : PDCA-cycle

The important part of TQM and generally in all process oriented 

management theories is the need of high level sponsorship for 

improvement programs. It is imperative to have top management 

commitment to make TQM work. TQM is a management system that 

influences the hole company from floor level teams to senior 

management. Therefore an organization that is committed to quality 

must examine quality at three levels: the organizational level, the 

process level, and the performer/job level (Evans & Lindsay, 1996).

Sometimes gradual improvement is not enough to boost the company's performance back to 

acceptable level. Business process reengineering (BPR) is defined as “the fundamental rethinking and 

radical redesign in business processes to achieve dramatic improvements in critical contemporary 

measures of performance, such as cost, quality, service and speed” (Hammer & Champy, 1993). The 

aim of a reengineering effort is to analyze opportunities to streamline and rationalize current business 

processes. By using modem information technology to enable new ways of doing things, companies 

can dramatically improve their performance or even find new business processes to create competitive 

advantage. The key difference with continuous improvement approach is that in reengineering a 

company seeks quantum leaps in performance as opposed to incremental improvements. However,

Jali Berg, 1999
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academics commonly agree that these two approaches are related and not conflicting (e.g. Hannus, 

1993). So, if a company decides to use BPR, it should also establish an improvement continuum and 

improve its processes with incremental improvement methods after the BPR program is completed 

(see Figure 2-2). In general, if a company should exercise reengineering or less dramatic improvement 

methods such as TQM or activity based costing, depends on the company's competitive environment, 

ambition level, readiness for change etc.

reengineering

Figure 2-2: Improvement continuum with reengineering and TQM

Davenport & Short (1990) describe five steps of a process redesign program:

1. Develop business vision and process objectives

2. Identify processes to be redesigned

3. Understand and measure existing processes

4. Identify IT levers

5. Design and build a prototype of the process

The description of methods involved in process redesign is beyond the scope of this study. The 

essence of the list above is that process improvement starts form vision and process objectives, upon 

which priorities for improvement actions are taken. In this study the primary focus is on third step: 

understanding and measuring existing processes. The fundamental reason for measuring processes is 

to be able to define a baseline performance against which objectives to improve to process can be 

dictated. To be able to measure a process it must be understood and repeatable.

2.2.1 Types of processes

Business processes in an organization fall into three categories (Quid, 1995):

Jali Berg, 1999
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1. core processes, that concentrate on satisfying external customers, which directly add value in a 

way perceived by the customer of the business.

2. support processes, that concentrate on satisfying internal customers. They might add value to the 

customer indirectly.

3. management processes, that concern themselves with managing the core processes or the support 

processes, or they concern themselves with planning at the business level.

Quid's view of core processes is however controversial, since mostly management literature (e.g. 

Hannus, 1993) identifies core processes to be processes that, although not directly satisfying external 

customer, are critical to company's vision and core competencies like R&D process or knowledge 

management.

Key management processes in a company are (Davenport, 1993):

• Strategy formulation and strategic decision making

• Planning and budgeting

• Performance measurement and reporting

• Resource allocation

• Human resource management

• Stakeholder communication

• Infrastructure building

The focus of this study is to concentrate on performance measurement and reporting process. It is a 

process that may be successfully implemented only if core processes that are under observation are 

defined and understood. Thus, a detailed discussion of information systems development success 

factors is first presented in the fourth coming chapters (chapters 3, 4, and 5) and only then is the 

measurement process discussed in greater detail (chapter 6.2).

Knowledge Work Processes

The main focus in BPR has been in redesigning industrial and clerical work processes. Indeed, it is 

more straightforward to redesign business process such as accounts payable process (Hammer, 1990), 

where process steps have clear inputs and outputs and can be standardized. It is, however, totally 

different to redesign knowledge work processes like designing a new information system, where each 

situation is somewhat different and the solution depends heavily on the competence of the performer. 

Instead, Gasston (1996) argues that radical discontinuous change approaches associated with BPR, are 

not viable propositions for software development.

Jali Berg, 1999
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This study is examines information system development, which is one type of knowledge work 

endeavor. Typical to knowledge work is that, it is characterized by variety and exception rather than 

routine and it is performed by professional or technical workers with a high level of skill and expertise 

(Davenport et al, 1996). Davenport et al point out, that redesigning knowledge work is seldom a top- 

down approach where all the process steps are identified and then streamlined. In their study they 

discovered that objectives for knowledge work improvements were less ambitious than traditional 

BPR quantum leap goals like cutting cycle time by 80 percent. Knowledge work redesign is primarily 

done by enhancing the ways of acquisition, creation, packaging and applying knowledge itself. The 

specification of activities and their sequencing is left for knowledge workers.

The strategies for improving knowledge work processes are (Davenport et al, 1996):

1. Changing knowledge itself by reducing the amount needed in the process.

2. Changing physical location of where and with whom people work, e.g. by facilitating team work.

3. Using technology to package or create knowledge or influence its flow.

2.3 Performance Measurement and process management

As discussed, process management concepts concentrate on improving the efficiency of operations.

To be able to tell whether improvements are realizing or not processes should be measured. Process 

measures obviously should measure the improvement objectives set by management. Also discussed 

above, were the types of improvements process management typically seeks: cost and time reduction, 

quality improvement and specific goals for knowledge work.

2.3.1 Definitions

Performance measurement means the measurement of different dimension of corporate performance 

including, but not limiting to financial figures. The purpose of performance measurement is to 

motivate behavior leading to continuous improvement in customer satisfaction, flexibility, and 

productivity (Lynch & Cross, 1995, p. 1). Measures in this context can be defined as: “quantified 

observations of some aspect or attribute of a process, product, or project" (Ward, 1996). Florae at al 

(1997) define performance to be current level that the process is producing now. In other words when 

one measures process performance, the purpose is not to be judgmental, but simply to get the facts. 

Once the facts are in hand and the current levels and variabilities of the values are measured, it is 

possible evaluate the information from other perspectives. Later in the study term performance 

measurement is used as measurement of business or processes from different perspectives. Process 

performance is used when we discuss the level of process output. Process performance hence does not 

address goodness of the process. It is merely a figure of current status of the process. The capability is
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determined by the stability and performance of the process. For an organizations it may be more 

valuable to improve its capability than its performance. When a process is stable and conforming to 

requirements, it is termed capable. The concept of capability thus depends on both the stability of the 

process and its ability to conform to customer requirements (Florae et al, 1997, p. 16 - 17). This is 

similar to the definition of systems development capability used in the CMM (Paulk et al, 1995), that 

defines process capability as "the range of results that can be achieved by following a process".

Process capability is different from organization's capability. Capability of an organization can arise 

from many different sources. In business literature capability is often referred to as "strategic 

understanding of business processes" (Stalk et al, 1992). This suggests that competitive success 

depends on company's key processes that are integrated strategically to provide superior value to 

customer. A company creates these capabilities by investing in a support infrastructure that enables 

development of these capabilities. In this study organizational capability as suggested by Stalk et ai is 

referred as strategic capability. Performance measurement in this study is understood to be evaluation 

of process capability and its performance. Furthermore, performance measurement may enable or 

facilitate a company to realize strategic capabilities.

2.3.2 Measurement Areas

In the case of systems development we may use a general classification (Florae, 1997,p. 2), that places 

measures into three broad classes: project management, process management, and product engineering 

measures. In addition to the above categories we can identify one more measurement class that is 

similar to all companies, namely business management measures. They are mostly monetary measures 

like revenue, profit, return on investment, etc., but also non-financial like market share. Business 

management measures are the ones that typically interest upper management and that are most 

vigorously observed. Traditional business measures are the basis for corporate steering mechanisms 

and are used in all companies. Lately there has been a lot of criticism against these traditional financial 

measures as the foundation of corporate management system. The shortcomings of traditional 

financial measures and management accounting methods are widely discussed in the academic 

literature. Some of the shortcomings with traditional financial measures are listed below:

• accounting measures are lagging indicators: they are the result of management action, but predict 

little future performance (Eccless & Pybum, 1992).

• financial measures are easier to manipulate than performance figures (Eccless, 1991 ; Singleton- 

Green, 1993).

• financial measure are short term oriented (Eccles, 1991)
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• traditional accounting approach distorts product cost information because of false indirect cost 

allocations, that are due to outdated cost drivers e.g. direct labor hours (Cooper & Kaplan, 1988).

The above arguments along with new process oriented management philosophies that stress 

performance measurement have lead organizations to rethink their business performance measurement 

and to include new metrics that measure customer satisfaction, cycle time, quality, innovation and 

other non-financial attributes of their business. If problems are detected only when they show up in 

financial measures a company has already ran into troubles. Using other measures to indicate 

performance allows a company to be proactive and fix things before they become visible to 

shareholders. For example if customer satisfaction is continuously observed, when problems occur 

they may be fixed before they show up in company’s financial statement.

Next two performance measurement frameworks are reviewed. They form the basis of our 

measurement model building, which will be concluded in chapter 6.

2.3.3 Performance Measurement Frameworks 

Performance Pyramid

Performance pyramid (see Figure 2-3) by Lynch & Cross (1995) is a comprehensive presentation of 

corporate performance attributes and how they are linked together at different levels in the corporate 

hierarchy. It describes how strategic objectives are translated into operational measures.

Vision

MeasuresGoals & Strategies FinancialMarket

Customer
satisfaction Flexibility Productivity

WasteDelivery Cycle timeQuality

Internal EfficiencyExternal Effectiveness

Figure 2-3: Performance Pyramid (Lynch & Cross, 1995)

At the top level of the performance pyramid, a vision for the business is articulated by corporate 

senior management. At the second level (business unit), objectives for each business unit are then 

defined in market and financial terms. Strategies are then formulated, describing how these objectives
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will be achieved. At the third level (core process) more tangible operating objectives and priorities are 

expressed in customer satisfaction, flexibility, and productivity measures. At the base of the pyramid 

(department, groups, work teams), objectives are converted into specific measures for each 

department of component of the business system. (Lynch & Cross, 1995)

The left side of the pyramid describes the external measures of business and presents customers' view 

of the company. It aims to answer the fundamental question: Are we doing the right things? The right 

side of the pyramid is composed of company's internal efficiency measures and aims the answer the 

another vital question: Are we doing the things right? Performance pyramid offers a framework for 

goal deployment: As we move down the pyramid the language of money converts to language of 

things. There is a major implication for this: at work group level the measurement should not be based 

on monetary measures, but rather concrete activity measures about quality, delivery, cycle time, and 

waste. At the focal point of the framework is the middle management at the process level. They must 

be bilingual so that they are able to translate strategic objectives into operational goals. They also must 

understand the language of money and the language of things, to be able to translate the monetary 

objectives of the top management into operational measures at the bottom of the pyramid.

The key observations of performance pyramid are (Lynch & Cross, 1995, p. 6):

• Operations are linked to strategic goals by translating aggregate market and financial goals into 

operational terms.

• Items of financial and non-financial information are integrated and filtered so that operating 

managers can use the information as a catalyst for process improvement. Key measures in terms 

quality, delivery, and cycle time are viewed alongside cost performance. However, from an 

operational perspective cost is viewed in terms of waste in the process.

• All business activities focus on the customer by communicating changing quality and delivery 

demands from the downstream customers to the upstream departments in the business system.

Balanced Scorecards

Like performance pyramid the balanced scorecards approach (Kaplan & Norton, 1992) is a 

measurement framework that seeks to integrate financial and nonfinancial measures together. It is 

different from performance pyramid in the way that it is primarily a top management's tool and does 

not describe how different aspects of corporate performance are evaluated as we move down in the 

corporate hierarchy.

Balanced scorecards views the corporations from four different perspectives that each include a set of 

goals and measures (Figure 2-4).
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Figure 2-4 Balanced Scorecards (Kaplan & Norton, 1992)

Customer scorecard intents to answer the question: How do customers see us? Kaplan and Norton 

argue that customers judge a company on four attributes: time, quality, performance & service, and 

cost. Thus, companies should articulate goals for each of these attributes and translate them into 

specific measures for customer satisfaction.

Internal perspective concentrates around the question: What must we excel at? Internal measures are 

the ones, that quantify what the company must do internally to meet its customers' expectations. These 

measures should stem from the business processes that have the greatest impact on customer 

satisfaction. These internal measures should be decomposed to lower levels of the organization.

Internal learning and innovation perspective is concerned with the question of "To achieve our vision, 

how will we sustain our ability to change and improve".

Balanced scorecards provides a way to establish links between different financial and nonfinancial 

measures. Internal measures are the drivers of future financial performance. Measures like lead times, 

number of defects, employee satisfaction etc. often have strong impact on financial measures as well 

as measures on customer satisfaction. Balanced scorecards offers a way to see the causal relationships 

between different business indicators and thus helps management to see whether improvement in one 

area may have been achieved at the expense of another. (Kaplan & Norton, 1992)

Often senior management’s mission and strategy statements are difficult to address in common sense 

actions and goals. Using balanced scorecards offers a way of linking company’s long-term strategy
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with its short-term actions. It is thus also a vehicle of strategic management. Management strategic 

goals are communicated through making the scorecards visible to all employees by distributing them 

in newsletters or through bulletin boards. This provides basis for feedback and accountability. Also 

rewards should be tied to scorecards’ measures. (Kaplan & Norton, 1996)

2.3.4 Performance measurement model for information systems development

The two measurement frameworks presented above, give good starting point for comprehensive 

performance measurement model building for information systems development. However, both 

frameworks are generic and have weaknesses if one wishes to apply them for systems development 

performance measurement. This is due to the nature of systems development. First of all, software 

unlike many other products is intangible. Therefore quality metrics for example are more difficult to 

specify - and also verify - than with tangible products. Secondly, software engineering industry is still 

relatively young and there is not a clear understanding of the software development process. Finally, 

most software projects are unique - distinct from previous projects and therefore process productivity 

or cycle time may be difficult to measure since every case is different. This study aims to build a 

model that takes into account these characteristics of systems development. As it was described earlier 

(see 2.3.2) we group the measurement areas of systems development organization into four categories:

1. Project measures, that are concerned with keeping project on schedule and within its budget given 

the performance criteria that the customer wants.

2. Product metrics, that describe the product features, quality and performance.

3. Process measures, that describe the overall systems development practices and how they are 

managed and tracked.

4. Business measures, that are traditional controlling measures describe the overall financial 

performance of an organization.

The focus in this study is on project and process metrics. Meyer describes four basic steps when 

defining process measures (Meyer, 1994):

• Defining what kind of factors are critical to satisfying customers.

• Mapping the process used to deliver results

• Identifying the critical tasks and capabilities required to complete the process successfully

• Designing measures that track those tasks and capabilities.

The above steps can well be applied when designing project measures but also with product and 

business measures. The essence is that measurement model should be customer driven and linked to 

the critical tasks and capabilities that produce the outputs that are valuable to customer. In the
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forthcoming chapters we look into the tasks and capabilities that are critical to information systems 

development.
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3. Project management

3.1 Project management concepts

Project is a one-time job that has defined starting and ending dates, a clearly specified objective or 

scope of work to be performed, a pre-defined budget and usually a temporary organization that is 

dismantled once the project is complete (Lewis, 1993). The objectives of any project can be simplified 

with a cost/time/performance triangle (Figure 3-1).

performance

preferred
'outcome

Figure 3-1: Cost/time/performance triangle (Lock, 1992, p. 8).

As depicted in the picture, project’s objectives are always compromises between the three dimensions

of the triangle. Normally the preferred outcome of the project would be the balance of the three, which

is presented by the black dot in the middle of the triangle. However, in some cases a customer may

want superior performance and is therefore willing to sacrifice budget and schedule objectives.

Generally project processes fall into two major categories (PMI, 1996, p. 27):

• Project management processes are concerned with describing and organizing the work of the 

project. The project management processes are typical to all projects and are described in this 

chapter.

• Product-oriented processes are concerned with specifying and creating the project product. 

Product-oriented processes are typically defined by the project life cycle and vary by application 

area. Product-oriented processes are described in chapter 4.

Project management processes can be organized into five process groups (PMI, 1996, p. 28):

• Initiating processes - recognizing that a project or phase should begin and committing to do so.

• Planning processes - devising and maintaining a workable scheme to accomplish the business need 

that the project was undertaken to address.

• Executing processes - coordinating people and other resources to carry out the plan.

• Controlling processes - ensuring that project objectives are met by monitoring and measuring 

progress and taking corrective action when necessary.
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• Closing processes - formalizing acceptance of the project or phase and bringing it orderly to an 

end.

Figure 3-2 presents the process groups and their links with each other. Each project phase includes all 

the process groups to some extent. Project lifecycle model describes what phases the project includes 

and their sequence. Project lifecycle models are discussed in chapter 4.2.

Subsequent

Figure 3-2: Project management process groups and their relationship with system development 

activities (PMI, 1996)

Next we take a look at process groups and discuss the different project management tasks that are 

relevant to IS development projects.

3.2 Project Inception

Project starts from project initiative, for example customer inquiry. First project feasibility studies are 

performed. Project feasibility is reviewed based on the risk content, financial feasibility, resource 

requirements, etc. If the project seems rational within the given scope, time and cost boundaries 

project planning can be started. The objective of project planning is to define the work to be done. 

Project planning as part of project management should be separated from project content planing, for 

example system design, which is a part of product oriented processes. Project planing should only 

specify the product being developed in such depth, that it makes resource planing feasible (Pelin, 

1990). This is important, because major planning effort may prove to be useless if the contract is lost. 

Planning stage should produce specification for product scope and schedule. Parallel with this 

planning the requirements specification of the system is also developed. These specifications describe 

the statement of work for the project contract. It is also typical with information systems projects, that 

a separate project contract is first signed to produce the feasibility study and functional specifications 

for a major project. It is a way for both parties to reduce the risk of the project and give more structure 

to the whole development effort.
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3.2.1 Project financial feasibility

Two methods are commonly used for evaluating financial feasibility of a project: simple payback and 

discounted cashflow (Lock, 1992). Simple payback method compares predicted cash outflows and 

inflows and aims to answer a simple question: "How long would this project take to pay for itself?"

For longer periods of time a cashflow statement is more appropriate appraisal method since it takes 

into account the time value of money. Cashflow is calculated using cash inflows and outflows 

corrected by a discount factor. One type of cashflow calculation is net present value (NPV). The NPV 

of a project should be greater the zero. Also internal rate of return (IRR) can be calculated for the 

project. A minimum requirement for IRR is that it should be greater than interest rate that could be 

obtained from the capital market. Project cashflow statements and payback calculations are good ways 

for screening project opportunities. For example an organization could have a project investment 

policy that requires a project break even point to be less than 12 months or it could have certain IRR 

requirements for different types of projects based on their risk content, market opportunity, strategic 

fit, etc.

Project cashflow can be improved by favorable payment schedule, that simply "pays late and collects 

early". An information systems project may include a substantial amount of third party work and 

products and thus a careful cashflow planning is important. Payment schedule issues are also 

particularly important with fixed price contracts, especially if the project is long and has few phases. 

The capital costs are offset for example by billing the customer for a one fourth of project budget 

when the contract is signed and then billing the remaining 75 percent in pieces after completion of 

each milestone and by linking the payments for third parties to customer billing.

Project Contract Terms

Project inception also involves the agreement between contractor and the procurer about the project 

terms and condition. Project contract terms define how the costs of the contractor are charged from the 

customer, and how the contractor makes profit. Project contract terms provide means to cope with the 

financial risk of the project. Basically projects terms are fixed or variable price. They may also be 

combination of both.

If a project can be well defined in advantage, it is usually fixed price. This means that a predefined 

total sum is agreed with the customer to provide an end product within given time, schedule, scope 

and performance criteria. As product complexity increases, also contractor's risk increases. With risky 

ill-defined projects it is typical to apply other pricing methods than pure fixed price. Fixed prices are 

usually avoided by contractors in all circumstances where the final scope of a project cannot be
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predicted with sufficient accuracy when the contract is signed, or where the work is to be carried out 

under conditions of high risk (Lock, 1992). Thus a typical contract term is variable price contract, 

which is also called time and materials (T&M). In T&M contract the customer is charged a fixed 

hourly rates and cost of materials or other specific costs. Usual arrangements are also guaranteed 

maximum price constraints and schedule penalties. T&M terms offer a way to reduce risk, but also 

limits the pricing potential of the project.

3.3 Project planning

After the project contract is signed a more detailed project plan is produced. Statement of work is 

planned in detail using the work breakdown structure (WBS) methodology. WBS lays the groundwork 

for project execution, monitoring and control. The WBS is a hierarchical structure used to sub-divide 

the project into manageable work packages. For each work package resources are assigned and work 

packages are further split into tasks. Basic rule for task planning is that a task should take no longer 

than 1 week. Under no circumstances should a team member ever have more than two weeks between 

task completion dates (Ward, 1994). Project scheduling sets desired starting and ending dates for each 

task. Different types of techniques can be used for planning and controlling the project schedule. The 

choice between different techniques is determined by project type. Planning with milestones allows 

project to evolve as it is developed. Milestones are established to allow periodic review of progress so 

that management can determine if a project merits further commitment of resources, it requires 

adjustments, or it should be discontinued (Turban et al, 1996, p. 395). Milestones can be based on 

time, budget, or deliverables. For example a milestone could be established each month, or after a 

certain amount of money is expended. However, the milestones are most valuable when they are tied 

to predetermined deliverables. Critical Path Method (CPM) should be used if project is highly 

structured and deliverables are well known. CPM gives a good roadmap for project execution under 

tight schedule and cost constraints. It establishes task starting and ending dates and plots the so called 

critical path, that identifies deadlines that must be met in order to deliver the project on schedule. An 

intermediate scheduling method is Gantt bar charting technique. It also lists the tasks to be performed 

and depicts them on a timeline chart. Basic Gantt charts are intuitive and offer more control than 

simple milestones, but lack the information of task interdependencies of CPM. (Turban et al, 1996, p. 

395 - 399)

The project plan is the key deliverable of the planning activities. The initial project plan is likely to 

change in the course of project execution. Project manager's responsibility is to control the schedule, 

cost, scope, product performance etc. changes through project control mechanism.
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3.3.1 Project budget

Project budget sets the measurement baseline for the project's cost and schedule performance. As the 

project moves on project budget is updated. Thus budget is the original plan (for a project, a work 

package, or an activity), plus or minus approved changes (PMI, 1996). Project budget is derived from 

project work break down structure. Direct labor and material are first calculated using the estimated 

durations of activities in the WBS. All project costs that can be identified with reasonable effort 

should be allocated directly to an activity or project general expenses. It is important to understand 

what kind of costs can be associated with project work to be able to calculate project profitability 

accurately. Burke (1993) identifies following cost categories associated with project accounting:

Cost type Description
Direct costs Costs that can be directly allocated to project activity
Indirect costs Costs that cannot be directly allocated to any project activity
Labor costs All costs in a project that are incurred due to employee expenses. Including 

employee benefits and allowances, as well as third party labor costs.
Material and 
Equipment costs

Hardware and other material costs.

Transport costs Costs associated with freight, insurance, etc. expenses. Not very relevant to IS 
projects

Preliminary and 
General Costs

All costs incurred before the project contract is signed that are incurred due to 
proposal preparation, initial planning, customer visits etc.

Table 3-1: Project cost categories (Adapted from Burke, 1993)

Direct costs can be identified by activity or project. They are direct labor costs like wages and other 

associated costs, materials costs, direct third party costs etc. Direct equipment costs, that refer to in- 

house charges for new machinery, tools etc. are also directly accountable to a activity or WBS item. 

Most project administration costs can also be allocated to a work package or a project. Indirect costs 

are those that cannot be easily allocated to any particular work item or project. They form the 

company's overhead costs that are then rolled through a recovery charge mechanism to cost centers. 

Typical way to direct overhead costs to projects, is to allocate certain amount of overhead to direct 

cost using for example direct labor hours as a cost driver. This may be totally wrong. Indirect portion 

of company’s total costs should be minimized and cost drivers for overhead costs identified using 

value chain analysis or other activity based methods (Porter, 1985). When an organization tries to 

reallocate its indirect costs to products (projects), it should focus on resources that are expensive and 

have demand patterns that are uncorrelated with traditional allocation measures (direct labor, 

processing time, materials) and emphasize resources whose consumption varies significantly by 

products (Cooper & Kaplan, 1988).

Preliminary costs are those that are incurred before a project is started. The amount of preliminary 

costs can be substantial in a company that operates in IS project delivery. For example preparing a bid
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may involve considerable amount of costs associated with feasibility studies, professional meetings, 

negotiating etc. Marketing and sales costs, management cost for qualifying opportunities etc., are also 

inevitable preliminary costs. The efficiency of sales and project inception phases can be measured by 

studying the preliminary project costs. It is also important to be able to estimate how much does a 

project employ resources before it is actually started to give insight for past and future project 

opportunity evaluations. For example a project may seem very profitable after it has been delivered 

but after a deeper look inside it is found out that actually project profit was already spent before the 

project was even started in the first place. On the other hand it may seem that a project has 

enormously high sales or bid cost, but after that similar projects can be sold with virtually no costs 

during the bid phase and with a high delivery margin.

3.4 Project Controlling

Project controlling processes contain activities that are performed during the project's execution to 

ensure that project is on track. If discrepancies are revealed, corrective action is taken to set things 

back on course. Controlling processes are shown in Figure 3-3.

Figure 3-3: Project controlling processes (PMI, 1996).

In the above definition controlling processes have two core processes: Performance reporting and 

Overall Change control. Facilitating processes interact with these core processes and form a control 

mechanism of the project. Controlling processes can be described briefly as follows (PMI, 1996):

• Overall Change Control - coordinating changes across the entire project.

• Scope Change Control - controlling changes to project scope

• Schedule Control - controlling changes to the project schedule

• Cost Control - controlling changes to the project budget.
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• Quality Control - monitoring specific project results to determine if they comply with relevant 

quality standards and identifying ways to eliminate causes of unsatisfactory performance.

• Performance Reporting - collecting and disseminating performance information. This includes 

status reporting, progress measurement, and forecasting.

• Risk Response Control - responding to changes in risk over the course of the project.

3.4.1 Overall Change Control

Overall change control process is concerned with maintaining the integrity of the performance 

measurement baselines. Proper change control ensures that changes to the product scope are reflected 

in the project scope. All approved changes should be reflected in the project plan, but only project 

scope changes will affect measurement baselines.

The vehicle for change control is a change control system. It is a collection of formal, documented 

procedures that defines the steps by which official project documents may be changed (PMI, 1996). 

Project changes are monitored with project management information system that provides input for 

project performance reporting.

3.4.2 Performance Reporting

Performance reporting should generally provide information on scope, schedule, cost and quality. 

Performance reporting can be divided into three groups (PMI, 1996):

• Status reporting describes where the project now stands.

• Progress reporting describes what the project team has accomplished.

• Forecasting predicts future project status and progress.

3.4.3 Measures for tracking project cost and schedule during delivery

Project performance reporting assesses periodically project progress against a baseline plan. Project 

status report should reveal situations when the project is not performing as it was planned. If the 

project is behind schedule, there should be a measurable difference with work performed to date and 

work planned to date.

A system for project effort recording must be set to be able to asses project progress. Performed work 

should be recorded each week and all project team members should report progress against the plan 

and schedule. This reporting should be done at the lowest level task (Ward, 1994). The project 

manager must invoke regular and formal status reporting. It is typical to asses task time to complete 

over optimistically. This is especially true with percent to complete estimates were coding is "90 

percent complete" most of the time or debugging is "99 percent complete" most of the time (Brooks, 

1975). In stead of reporting in percent to complete, reporting should be days or hours to complete,
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since reporting of percentage of completion on any task is overly optimistic. The tendency to report 

percentage of completion usually indicates that tasks are too large to be accomplished in a time period 

in which they can be effectively controlled (Ward, 1994).

Project status reporting

Variance analysis compares actual project results to planned or estimated results. Variance can be 

calculated for time, cost, quality and risk. However most common areas for quantitative variance 

analysis are traditional schedule and cost measures. When project managers are reviewed on labor 

expenditure, the unit of measurement should be man hours used rather than the incurred labor cost. A 

project manager should not be held accountable for meeting targets where he or she has no authority 

to control the causal factor (Lock, 1992), and project managers can seldom influence the salaries and 

allowances of the people working in their project.

A basic way to calculate variance, is to compare planned time or cost with actual amount of time or 

cost spent "to date". However, if there is no knowledge on what has been achieved in that time the 

variance bears little or no content on project status. For a project manager it is important to know how 

much work still needs to be done to complete the project. This is called estimate to complete (ETC). 

The percentage of the amount of effort already spent of total project effort is called percentage 

complete (PC). Actual effort already spent plus the effort that still remains is called estimate at 

completion (EAC). If the EAC is equal with project bottom line budget (cost or schedule), the project 

is on schedule, if not, there has been a slippage or the project has performed better that originally 

foreseen.

It is often the case with projects, that there is variance between budget and actuals. Variance is 

measured between original baseline budget cost and estimate at completion. A widely used indicator 

of project cost and schedule performance is earned value (EV) method. With EV it is possible to 

recognize whether a budget overrun is due to schedule slippage or failure to estimate project costs. 

Earned value measures the achievement of the work done and is also called Budgeted Cost of Work 

Performed (BCWP). Using EV method it is also possible to calculate Budgeted Cost of Work 

Scheduled (BCWS), which measures how much work should have been done according to budget 

baseline. Based on these figures schedule and cost deviations are easier to identify and report. 

Detailed description of earned value calculation is beyond this scope of this study, but EV method is 

well documented in project management literature (e.g. PMI, 1996; Burke, 1993; Pelin, 1990). 

Appendix A summarizes the basic terms of EV method.

Jali Berg, 1999
Pro Gradu: Performance Measurement Model for Information Systems Development



Project management 26

EV method needs rigid planning and reporting practices and is difficult to use when baseline is not 

stable. When a less rigid project control mechanism may be desirable, a milestone method may be 

used for project cost and schedule control. As it was explained earlier (see 3.3), milestones may be 

tied to expenditure or elapsed time, but they are most valuable when linked with specific deliverable 

and approved by the customer. Project progress is then evaluated by comparing the scheduled 

milestones and completed milestones. If the milestones are based on deliverables, there should be a 

planned duration and cost for each deliverable. In that case milestone method is much like calculating 

earned value. However, if milestones are based on elapsed time or incurred costs, it may be more 

difficult to demonstrate, that the work performed is actually according to the plan. For example if a 

phase of a project costs n and we have a milestone at n/2, does that mean that we have done half of the 

work when we reach that milestone? If not, is the amount of our fixed costs more or less than half of 

the total fixed costs of the phase, or do we have a slippage with our work performed?

Project forecasting

Earned value calculations are also the source for project forecasting. Project forecasting aims to 

predict what will be the final outcome of a project task, phase or the whole project in terms of time 

and money. Project manager must make forecasts on the project completion time and remaining costs. 

Estimate to complete is a key variable in project calculations. ETC is derived from individual 

remaining duration estimates. However as stated earlier people have a tendency to report progress 

over optimistically. Project manager should evaluate these estimates objectively. Schedule 

Performance Index (SPI) and Cost Performance Index (CPI) may be calculated by using the measures 

from EV calculations. SPI shows if project is falling behind schedule. In that case index is below 1. 

CPI falls below 1 if project costs are over budget. If these measures are tracked over time they may 

uncover trends that should get management's attention to set things back on track.

When milestone method is used a control and tracking mechanism in project, the forecasting becomes 

less accurate. One method for making forecast in such case is to compare past budgeted milestones 

and completed milestones and upon these observations predict the future schedule and cost 

performance.
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4. Information Systems Development

An information system (IS) is an open, purposive system that produces information using the input- 

process-output cycle. The minimal information system consists of three elements: people, procedures, 

and data (Kroenke & Hatch, 1994). Information systems by their definition can be manual, or they 

may be computer based. This study discusses information systems that utilize information technology 

(IT). IT, in its narrow definition, refers to the technological side of an information system (Turban et 

al, 1996, p. 9), hardware and software. Software engineering refers to the practices and tools for 

building software. There are a number of possible definitions for software engineering. Their common 

factors are that software engineering is concerned with software systems built by teams rather than by 

individuals, uses engineering principles in the development of these systems and includes both 

technical and non-technical aspects (Sommerville, 1992, p. 2). This study has a broader scope since it 

discusses the development of information systems. Software engineering activities are a subset of 

information systems development activities. In most cases the problem domains of software 

engineering and information systems development are identical. In our examination of IS development 

we exclude the issues of hardware and focus on activities that are crucial for successful IS project 

execution.

4.1 Systems development activities

The process of building a software product or information system from its early requirements to 

implementation and operation is commonly represented with software lifecycle model. The building 

blocks of software lifecycle models typically are:

• Requirements analysis and specification

• Design

• Implementation

• Installation and operation

4.1.1 Requirements analysis and definition

Requirements definition is an activity that specifies what the information system is supposed to do. 

Deliverable of this phase is requirements specification (Sommerville, 1992, p.49). Requirements 

specification is perhaps the most important work product in a systems development project, since it 

gives the foundation for succeeding phases.

Davis (1982) describes basic strategies for information requirement determination. His model has four 

basic strategies for selecting information determination approach: asking, deriving from an existing
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system, synthesis from characteristics of utilizing system and discovering from experimentation's. 

Criteria for selecting an approach is the overall uncertainty of requirements specifications process.

The determinants of uncertainty are: existence and stability of a set of usable requirements, ability of 

users to specify requirements and ability of analysts to elicit and evaluate requirements.

A survey on software engineering practices (Ibanez & Rempp, 1996) in Europe revealed that from the 

3805 surveyed companies more than 50% reported having major and more than 30% having minor 

problems with requirements specification. More than 40% of the respondents reported major problems 

with managing customer requirements and almost 40% having minor problems with it. A study at 

IBM (Boehm, 1981) showed that in an average project experiences a 25 percent change in 

requirements during development. Therefore no mater what kind of development approach is selected 

for a systems development effort, one must be prepared for specification changes.

4.1.2 System Design

System design translates requirements specification into a detailed model of information system. 

System design is an evolutionary process where the informal design is step by step refined into formal 

design. In some software engineering references system design activity has been broken into two 

activities, namely system functional design and detailed design. Requirements specification and 

system design phases are key contributors to system qualify, and are hence dominant cost drives of the 

project (Boehm, 1981). It is estimated that 80% of the influence on quality of a systems products 

occurs in the requirements and design phases, although only 30% of project costs are incurred in these 

to phases (Bartel & Finster, 1995).

4.1.3 Implementation

Implementation phase takes design specifications as input and derives a software or a system product 

from it. This phase is typically (unless the software is very small) build in smaller units. The smaller 

units, for example code modules, user interfaces etc., are first produced and tested separately. Finally 

when their functionality and quality is assured they are integrated as a system product.

4.1.4 Installation and operation

Information systems are build up from multiple software and hardware components and therefore 

must be integrated together before a system is operateable. Installation approach is also dependent on 

how the old system (if one exists) is "phased out". This can be done by incremental integration where 

parts of old system are replaced with new ones and on the course of time all parts are new and old 

system can be shut down. Another way is a "big bang" integration where the whole system is build 

first and then tested together. The old system is replaced either by shutting it down and using the new
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system from day one or running both systems parallel for a period of time, so that users are confident 

that the new system is working correctly. This way is of course less risky, but also more expensive. 

Nonetheless, acceptance test is the final step and a form of validation, where customer tests the whole 

system before the system is accepted for operational use. (McConnel, 1993)

4.2 Lifecycle Models

Lifecycle models are representations of software engineering activities and rules governing their 

sequence and dependencies. So called waterfall model was the first model where engineering 

discipline was applied to software development. Prior to that building software was considered an art 

form that could not be put in structure. Moving beyond the waterfall model Boehm suggested the 

notion of a "spiral model" (Boehm, 1988). This model included several iterations of risk analysis, 

building prototypes as well as reviews and validations of requirements (Eisner, 1997,p. 233). Spiral 

model is a risk driven model of software development, whereas waterfall model is deliverable driven. 

Although spiral model received much attention it was rather theoretical. In fact Quid (1990) views 

spiral model as only a meta model - model for models. Today software development community 

recognizes at least following different development lifecycles.

• Waterfall

• Incremental

• Evolutionary

4.2.1 Waterfall lifecycle

Requirements 
analysis and 
specification

Conceptual
Design

Detailed Design Coding & testing Installation

Figure 4-1: Waterfall lifecycle of the software development activities

Waterfall model divides the system development work into sequential activities. After each stage is 

defined, it is “signed-off’ and development proceeds to the following stage (Sommerville, 1992, p. 6).
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All work on one phase is completed before the next phase begins. The advantages of this model are 

that it gives a structure to the whole of a project in the form of a well defined sequence of phases - 

well defined in that we can precisely define exit criteria for them. It also recognizes that there is no 

perfect solution and that it is not commercially sensible to look for one (Quid, 1990). It is also 

worthwhile noticing that almost every IT professional is familiar with the waterfall model, and since it 

requires disciplinary engineering practices, it is well suited for inexperienced team. The disadvantage 

is that waterfall model does not expect iteration between phases. Thus it suggests that once a particular 

development phase (such as requirement analysis or design) is completed it is not possible to make 

alterations for their deliverables. However, it is a fact that as the development of a new system 

continues also deeper understanding of the target system is gained, and the initial specifications may 

no longer be valid. This also leads to major effort in project change and scope management. If 

requirements are very unstable the cost of poor quality, especially in form of rework, can be a major 

financial burden.

4.2.2 Incremental lifecycle

Installation

Increment 1

Increment 2

Increment 3

Increment 4

Requirements
analysis and Conceptual Design Detailed Design Coding & testing 
specification

Figure 4-2: Incremental lifecycle of the software development activities

Incremental development strategy determines user needs and defines the system requirements and 

then performs the rest of the development in a sequence of builds (Eisner, 1997, p. 234). Incremental 

development assumes that user requirements are fully defined and understood before the coding of the 

system begins. The difference between waterfall model is that customer can have partly operational 

system earlier than with waterfall model. Also the method is more flexible: Minor alterations in the 

design are easier to implement than with waterfall model. Incremental model also offers a great 

advantage over waterfall model: It can offer substantial improvement opportunity for development 

time reduction, since separate increments of the system may be developed concurrently. The success 

of the incremental delivery approach rests on the ability of the designer to create - from the start - an 

architecture that can support the full functionality of the system so that there is not a point during the
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sequence of deliveries where the addition of the next increment of functionality requires a massive re

engineering of the system at the architectural level (Quid, 1990). Some systems may also be 

impossible to subdivide into separately functioning increments as the model requires. Just like the 

waterfall model, incremental method requires robust change and scope management practices.

4.2.3 Evolutionary lifecycle

Requirements
analysis and Conceptual Design Detailed Design Coding & testing Installation
specification

Segment 1

Segment 2

Segment 3

Segment 4

Figure 4-3: Evolutionary lifecycle of the software development activities.

Evolutionary development strategy builds system in pieces (segments), but acknowledges that the user 

needs are not fully understood and all requirements cannot be completely defined up front; thus, user 

needs and requirements are refined in each successive segments (Eisner, 1997, p. 234). The 

requirements for each segment are separately produced and upon them the segment is designed and 

built. After each segment the requirements are refined before development begins on the next 

segment. Evolutionary development has two major advantages over the waterfall model. First, it 

assumes correctly, that user requirements are subject to change. In the evolutionary approach, 

planning for each release is done toward the end of the previous release. This gives the process a 

certain amount of flexibility regardless of how you treat analysis and design (McConnel, 1993, p.668). 

This is also major benefit over incremental method. Second, the system is produced and delivered at 

successive levels of completeness, and at each level a version of the program is to some extent usable 

(McConnel, 1993, p.666).

Key success factor for evolutionary development is tight user involvement and continuous feedback. It 

is also essential to have experienced project management and skilled project team. Evolutionary 

delivery requires more planning as requirements and designs are generated for each segment.

However, the same amount of time can easily be wasted with waterfall model as the project team is 

trying to cope with the design changes at later stages of project. A disciplined project guidance is still
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needed, or evolutionary delivery may be used as an excuse for skimming on planing, analysis and 

design (McConnel, 1993, p.672).

4.2.4 Prototyping and Rapid Application Development

Prototyping is the development of realistic models of a system's key functions. A developer can 

prototype parts of a user interface to determine usability, critical calculations to determined execution 

time, or typical data sets to determine memory requirements (McConnel, 1993, p.562). Prototyping is 

traditionally seen as a tool for refining user requirements for design purposes and is therefore a 

valuable tool for validation. The idea is to "build one to throw away” (Brooks, 1996): The prototype 

serves as a basis for requirements capture and after evaluation, the prototype is discarded and a 

production-quality system is built (Sommerville, 1992).

Rapid prototyping or Rapid Application Development (RAD) is based on prototyping methods, but it 

does not build throw-away software. RAD method is a subset of evolutionary development 

methodology that relies heavily on open client/server or multi-tier architecture, modem development 

practices and tools, and involvement of users. The product is built by small teams in segments that are 

small enough for reliable milestone determination in a limited timeframe. Some methods also include 

risk driven evaluation of development priorities 1. RAD methodology is thus influenced by the spiral 

model (Boehm, 1988). The team based approach is adapted from the concept of clean room software 

development (Mills et al, 1987).

4.2.5 Software lifecycle models - comparison

Organizations that operate in software or IS development, should have software development 

methodologies to support repeatable software development practices. Methodology can be defined as 

"a collection of methods, procedures, and standards that defines an integrated synthesis of engineering 

approaches to the development of a (information system) product" (Paulk et al, 1995, p. 360). One 

major factor for software development disasters is the lack of recognition that different projects 

require different managerial approaches (Cash et al, 1993, p.l76). Therefore it is essential to apply 

different methodologies and tools for different kinds of projects. Life cycle models offer one way to 

organize software engineering tasks to manageable activities. Table 4-1 describes the application areas 

that are best suited for each lifecycle model. It is also important to notice that life cycle methodologies

1 For example Microsoft's RAD-model; see Microsoft Solution Framework (MSF) at 

www.microsoft.com
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should be scaleable. The documentation or change management requirements are totally different for a 

spreadsheet based application and corporation wide decision support system even if they both may be 

developed using waterfall model.

Use when Waterfall Incremental Evolutionary
Project size Small - Medium Medium Small - Large
Team Experience Low Low High
Requirements' stability high high - medium Low
System Complexity Low Medium High
User Involvement Low Low High
Speed of delivery Low High Medium
Risk Low - Moderate Moderate High

Table 4-1 : Factors affecting the choice of a particular software life cycle

Waterfall model is still the most widely used software lifecycle and project methodologies based on 

other than the waterfall model are still few in number. However, the reality in building a software 

product is, that modem development practices increase the potential for code changes during 

construction. In the traditional life cycle, the focus - successful or not - is on avoiding code changes. 

More modem approaches - evolutionary delivery and prototyping, for example - move away from 

coding predictability. The new approaches are more code-centered, and over the life of a project, you 

can expect code to evolve more than ever (McConnell, 1993, p. 738). Thus it is necessary that an 

organization has multiple methodologies for different types of development scenarios.

4.3 Information System Quality

The difficulty with information systems quality is that system quality cannot be verified or measured 

at the stage when a project contract is signed, since the system does not yet exist. Therefore a stable 

and capable development process is a key success factor for an organization that wants to produce 

high quality system products. This study examines system quality from TQM perspective, which 

assumes that the quality of the system is determined by customer satisfaction. Still, customer 

satisfaction is the sum of different "quality drivers" that may be viewed as different dimensions of 

quality. These dimensions are discussed next.

Conformance to customer requirements is a baseline for IS quality, since supplier's inability to meet 

requirements is a major contributor to customer dissatisfaction. However, customer perceived quality 

is not necessarily the same as conforming to customer requirements. Product performance or features 

are the criteria against which a customer forms the perception about the quality of a system product. 

Therefore there should be adequate metrics forjudging that product features meet their requirements 

as well as industry standard performance levels. A comprehensive framework about quality
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characteristics of a system product is presented by Boehm (1981). It presents key quality attributes of 

software such as portability, reliability, efficiency, etc. In this study, this kind of quality dimension is 

referred to as product quality. A detailed discussion about product quality is beyond the scope of this 

study, however, these kinds of measures should be planned and tracked to ensure quality of the 

system.

There may be considerable amount of customer participation during all phases of an IS development 

project. The customer perception of project team's effectiveness and ability to serve the customer as 

well as the overall view of supplier's process capability can be a major element of customer perceived 

quality. This type of quality dimension may be called as service quality. A good presentation of 

service quality is presented by Parasuraman et al (1992).

Ould (1990) discusses information system quality using three aspects of quality from process 

perspective: quality achievement, quality control, and quality assurance. Quality achievement is 

organization's ability to engineer quality into something during its development (Ould, 1990, p. 71). 

Using the quality dimension metaphor, this is equivalent to process quality dimension of an 

organization. Quality control is about checking at the end of some development step that we have built 

quality in, i.e. that we have achieved the required quality with our methods (Ould, 1990, p. 71).

Quality control is often called as verification and validation. Verification involves checking that the 

system conforms to its specification (building the product right). Verification methods are testing, 

reviews and inspections, analysis and other formal verification techniques. Validation involves that the 

system as implemented meets the expectations (building the right product) of the software procurer 

(Sommerville, 1992, p. 374). Quality assurance (QA) is often used interchangeable with quality 

control, but the two concepts should not be mixed. Here quality assurance is defined as "the system of 

policies, procedures, and guidelines established by an organization to achieve and maintain quality" 

(Pearson & Hagmann, 1996). Quality assurance is established by creating a quality guidelines and 

policy that specifies organization's quality intentions and objectives. Thus, an organization must 

manage quality of all their operations and QA sets a foundation for an overall development and 

management process that provides the right environment for ensuring the quality of the final product, 

in particular through quality achievement and quality control (Ould, 1990, p. 71). The underlying 

assumption of QA is that the quality of the software process directly affects the quality of delivered 

software product. The difficulty of assessing product quality has meant that a great deal of emphasis is 

placed on ensuring the quality of the software process (Sommerville, 1992,p. 591). Software process 

is examined in the next chapter.
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4.3.1 Configuration Management

An integral part of systems quality control and assurance is software configuration management 

(SCM). SCM is a management tool that supports the identification and control of software 

components. It provides a process to manage change to those components; report the status of 

software components and change requests; and complete audits and reviews to confirm that all 

components are complete and correct (Bliss, 1993, p. 36). Configuration management procedures 

should be described in the project plan or project quality plan.

Configuration management ensures that system design changes are controlled through a change 

control mechanism and approved by an authority such as change control board. Thus all major 

changes are reflected in the project baseline and if needed appropriate modifications are done in the 

project time, cost, scope and/or performance baselines. Change management procedures include 

techniques for evaluating proposed changes, tracking changes, and keeping copies of the system as it 

existed at various points of time (McConnel, 1993, p. 530).

4.4 Methods for managing IS projects

As discussed above, a major facilitator for successful execution of systems engineering activities is 

recognizing that different types of projects need different development approaches and life cycles 

models. Another important component of successful IS project is the use of right methods for 

managing engineering process.

General methods for managing IS projects are of four principal type (Cash et al, 1988, p. 439):

• External integration tools include organizational and other communication devices that link the 

project team's work to users at both the managerial and lower levels. These tools include 

techniques to commit users to the development process such as creation of user steering 

committee, project team minutes to key users, user specification approval processes, user 

management key decision deadlines etc.

• Internal integration tools ensure that the team operates as an integrated unit. These include a 

variety of personnel controls. Key success factors for internal integration are e.g., managed low 

turnover of team members, experienced IT professional as project manager, regular technical 

status reviews and frequent team minutes, selection of team members with previous work 

relationships, participation of team members in goal setting and deadline establishment, use of 

outside technical assistance etc.

Jali Berg, 1999
Pro Gradu: Performance Measurement Model for Information Systems Development



Information Systems Development 36

• Formal planning tools help to structure the sequence of tasks in advance and to estimate the time, 

money, and technical resources the team will need for executing them. These include formal 

scheduling methods (e.g., CPM), system specification standards, feasibility study specifications, 

project approval processes, project postaudit processes etc.

• Formal results-control mechanisms help managers to evaluate progress and to spot potential 

discrepancies so that corrective action can be taken. These mechanisms include status reporting 

procedures, change control disciplines, milestone reviews etc.

Project characteristics are the basis for selection between the different management methods and tools. 

Projects can be categorized in terms of project size, project group's experience with the technology, 

and project structure (Cash et al, 1988). Project size is measured in terms of cost, staffing levels, 

elapsed time, etc. The project size should be judged upon the size of the project relative to a typical 

project undertaken by the organization. Project groups experience with the technology is a critical 

factor for project success since the likelihood of unexpected technological problems increases with 

new technologies. If the project design can be completely and reliable derived upfront and the 

probability for scope creep is moderate such project is classified as "highly structured". Project 

structure issues were already discussed earlier in terms of development lifecycles. Based on earlier 

findings we can conclude that traditional waterfall model is (or at least should be) highly structured, 

where evolutionary development is more powerful with low structured projects. Table 4-2 describes 

what should be the relative contribution for management tools listed above for different types of 

projects.

Project Project description External Internal Formal Formal
type integration integration planning results

control

I High structure - low technology; 
large

Low Low High High

II High structure - low technology; 
small

Low Low Medium High

III High structure - high 
technology; large

Low High Medium Medium

IV High structure - high 
technology; small

Low High Low Low

V Low structure - low technology; 
large

High Medium High High

VI Low structure - low technology; 
small

High Low Medium High

VII Low structure - high technology; 
large

High High Low+ Low+

VIII Low structure - high technology; 
small

High High Low Low

Table 4-2: Relative contribution of project management methods to project success by project type 

(Cash et al, 1988, p. 190).
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Project Risk Assessment and risk management

The risk of project failure can be substantially reduced by defined project methodologies and right 

management tools. Projects always carry some risk in them. The amount of risk should be classified to 

give management fair view of their business and decision aid for right management controls. Using 

the attributes described in 4.3 projects are classified in Table 4-3 in terms of risk. An organization 

should have a risk assessment tool as part of its project methodology. Risk assessment should not be 

used merely to rate and identify risk, but it should be linked to methodology in such a way that it also 

provides resolution for risks as the management tool described in this chapter.

Low Structure High Structure

Low company-relative

Large
project

Low risk
(very susceptible to 
mismanagement)

Low risk

technology
Small
project

Very low risk 
(very susceptible to 
mismanagement)

Very low risk

Large
project Very high risk Medium risk

High company-relative
technology

Small
project High risk Medium-low risk

Table 4-3: Project risk classification matrix (Cash et al, 1988, p. 433).

4.5 Traditional IS measures

Carleton et al (1992) suggest four basic areas of measurement for software projects:

• size

• effort

• schedule

• quality

Measures of software size have been a source of endless debate in the history of computer science. 

Software size is difficult to determine in such a way that comparison can be made between different 

cases. Measures like number of source code lines give very different results when different 

development methods are being used. Measures of software size nonetheless are amongst most 

important yardsticks, since they are the basis of project resource and schedule planning. Also, project
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productivity and many quality measures are difficult or impossible to compute, without a common 

way of evaluating software size. Using a common set of development tools, it should be possible to 

obtain comparable size measures. These kinds of measures should be generated automatically from 

development tools, so that there is no additional burden for collecting these measures.

Measures of effort evaluate the amount of work within a project in terms of man hours, cost, and 

resource usage. Carleton et al (1992) suggest, that effort should be measures in terms of staff hours 

expended. A commonly used man month may be misguiding, since there are differences in the amount 

of standard working hours per month between companies and countries. Thus, man month may be 

calculated differently in different environments.

Chapter 3.4.3 highlighted the measures, that are commonly used when controlling project schedule 

and cost. Also dimensions of quality were presented earlier. Table 4-4 lists some possible measures, 

that can be used when selecting appropriate metrics for software or information systems projects. All 

of these measures more or less fall within the above classification by size, effort, schedule, and 

quality. Although, some of the measures describe the characteristics of the process itself. Process 

measures are covered more thoroughly in the next chapter. A detailed description of all measures 

mentioned below is, however, beyond the scope of this study.
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Product Entities Attributes Possible Measures
assigned staff team size number of people assigned

experience years of domain experience 
years of programming experience

CASE tools type name of type
is used? yes/no (a binary classification)

time start date, due date calendar dates
elapsed time days

system size number of modules
number of bubbles in a data-flow diagram
number of function points
number of physical source lines of code
number of memory bytes or words required (or
allocated)

defect density defects per KSLOC 
defects per function point

module length physical source lines of code 
logical source statements

percent reused ratio of unchanged physical lines to total physical lines, 
comments and blanks excluded

unit number of linearly 
independent flowpaths

McCabe complexity

document length number of pages
line of code statement type type names

how produced name of production method
programming language language name

defect type type names
origin name of activity where introduced
severity an ordered set of severity classes
effort to fix staff-hours
age (of open defects) elapsed time (days) since receipt of defect report

development process elapsed time calendar days 
working days

milestones calendar dates
development effort staff-horns, days, or months
phase containment percent of total defects found in phase where introduced
process compliance percent of tasks complying with standard procedures or 

directives
performance number of tests passed divided by number of tests 

executed
detailed designing elapsed time calendar days 

working days
design quality defect density: number of design defects found in 

down-stream activities divided by a measure of product 
size, such as function points or physical source lines of 
code.

testing volume number of tests scheduled
progress number of tests executed 

number of tests passed
maintenance cost dollars per year 

staff-hours per change request
change request backlog size number of change requests awaiting service 

estimated effort (staff-hours) for pending requests

Table 4-4: Examples of software product measures (Park et al., 1996)
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4.6 Measuring IS project success -a paradigm shift

Today many organizations in the IS industry, fail to lead their business successfully, because their 

project steering and measuring methods date back to the days when waterfall lifecycle was the only 

known development methodology. Project management in the IT field is complex and 

multidimensional issue. Different types of projects require different clusters of management tools if 

they are to succeed (Cash et al, 1988). It is my understanding that the numerous difficulties reported 

with management of requirements, schedule, cost etc. (e.g. Ibanez & Rempp, 1996; CMU, 1997) are 

due to lack of proper tools and measures to quid the development process in an environment that the 

IS projects face today. If companies that use evolutionary or incremental methodology are still using 

the steering mechanisms that were developed for waterfall approach, then rigid scope and schedule 

control mechanisms are enforced even though the prime concern should be placed for example on end 

user involvement or project team's cooperation. When the prime measure of project's success is still 

earned value or lines of code, the measures are misguiding the whole process of building in an 

evolutionary fashion.

In one study (Wateridge, 1998) project managers were asked for criteria of successful IS projects. 

They listed meeting of user requirements, meeting of budget, and meeting of schedule as the three 

most important criteria. However, when users were asked to identify success criteria, they listed 

meeting of user requirements, happy users, and achievement of purpose to be the most important ones. 

The conclusion of this could be, that project managers do not understand their customers. However, it 

is suggested here that these discrepancies are due to wrong measurement and control practices that 

overemphasize budget and schedule objectives.

"What you measure, is what you get" is a popular slogan in performance management. So, if you are 

using different management techniques, you should also use a different set of measures for various 

types of IS projects. Categorization by Cash et al (see 4.4) offers a framework for metric selection for 

different kinds of projects. Based on the findings from this chapter a project specific set of measures 

should be chosen using the following four measurement areas:

• Measures that enforce external integration of a project

• Measures that enforce internal integration of a project

• Measures that enforce formal planning of a project

• Formal results control measures

Measures that enforce external integration of a project emphasize user involvement, user commitment 

to development, developer's response to user request etc. Measures that enforce internal integration of
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a project are measures that stress project team's competence, team satisfaction, and appropriateness of 

technological infrastructure, like development tools. Measures that enforce formal planning of a 

project are measures of requirements and design activities, project planning activities, and feasibility 

measures. Formal results control measures are typical project measures of cost, quality, and schedule. 

Table 4-5 is a summary of measures found from different sources in software engineering and 

software process improvement and measurement literature2. It suggests what measures are the most 

relevant with different measurement areas.

2 Including CMM (Paulk et al, 1995), SPICE, Florae et al (1997), Park et al (1996), Project 

Management Body of Knowledge (PMI, 1996).
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Measurement areas Attributes to measure Examples of Measures
Measures of external Joint Management No. of decisions made in steering committee
integration Reviews Frequency of joint management reviews

User Involvement Amount of effort spent by users on the 
project
No of meeting hours with users
No. of completed user decision deadlines vs. 
planned

User satisfaction Customer field staff feedback
Results of customer satisfaction survey
User complaints

Handling of user change Change request processing time
requests Change Request handling effort vs. total 

effort
No. of Change requests

Measures of internal Team experience Years of team domain experience
integration Years of team programming experience

Project management 
competence

Years of project management experience

Fitness and quality of 
development tools

Development tool evaluation records

Team motivation Personnel satisfaction
Turnover of team members

Team collaboration No. of intra group meeting hours
Team participation in Amount of effort spent on project planning
planning activities by all resources

Measures of Project feasibility NPV, IRR
formal planning Risk evaluation

Requirements stability requirements changes vs. baseline per phase
Depth of design effort used for detailed design vs. total effort 

No. of pages in design documents
Project planning Effort spent on project planning
Scheduling methods CPM, Gantt, Milestone (yes/no)
Project approval process Mean time to approval

No. of deliverables proved vs. disapproved
Formal results Control activity No. milestone/progress reviews
control measures schedule Milestones Completed vs. Milestones 

scheduled
Earned value
Schedule Efficiency Index

cost Planned vs. incurred costs
Cost Efficiency Index

Quality Product conformance to specifications
defects Number of defects
testing Number of tests passed vs. executed

Table 4-5: Measures to be used with different management tools for IS development

Table 4-5 is not by all means an exhaustive list of possible measures. Its purpose is merely to 

demonstrate the significance of the different dimensions in development measures that are relevant. 

Table 4-2 presented a simple method for assessing relative importance of management tools for 

different types of IS projects. That framework is also the basis for selecting the right mix of measures
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with a particular type of IS project. All types of measures are not equally important all the time, but 

some of them are probably important in every case. For example some type of formal results 

mechanism is always needed for successful project implementation. However, projects can fail to 

meet certain criteria of budget and time and still be considered a success (Wateridge, 1995).

4.7 Summary on information systems project management

Chapter 3 was about project management practices and project control. This chapter has focused on 

systems engineering disciplines and identified key points of successful IS project venture. Together 

these two chapters form the basis of the measurement model for IS development from project 

manager's perspective. We have emphasized that different types of projects need different project 

management and engineering methods. The intention was to identify project management and 

information systems development best practices based on literature and find relevant measures that 

contribute to those practices. Finally a method for measurement of different types of IS projects was 

introduced. Figure 4-4 illustrates the findings of chapters 3 and 4 and depicts the IS development best 

practices along the steps of project life cycle.

Project
Inception

Requirements 
analysis and 

project planning

System Design 
and

project contollin:

Implementation^^ 

project contollme/^

Installation 
and

project close-out

-M- -*■<-

Post-project learning 
•Reuse 
•Continuous 
improvement

•Pre-project cost and management tools
control «Requirements analysis

using right methods

Project evaluation 
methods:
•Risk assesment and 
control
•Financial feasibility

Project planning 
capability
•Scheduling methods 
•Selection of appropriate 
development lifecycle

Project controlling 
•Schedule and cost control 
•Quality contol and assurance 
•Managing end user involvement 
•Managing project team collaboration

Figure 4-4: Summary of IS project management best practices.

Key finding of this chapter was the management method for different types of projects. A somewhat 

simplistic classification of projects in terms of structure, technology, and size was introduced as a 

decision aid when selecting management tools and appropriate measures for projects. Table 4-6 

summarizes how project structure and technology affect the different attributes of a project. It 

illustrates, the appropriate lifecycles and contract terms to be used with a particular type of project. It 

also suggests what should the management focus be, where should the quality activities focus, and 

what is seen as the critical success factor (CSF) for a particular type of project.
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High Structure Low Structure
Technology known Lifecycle: Waterfall Lifecycle: Evolutionary

CSF Project control CSF End user 
involvement

Contract terms Fixed price Contract terms T&M
Management cost and Management customer-
focus schedule focus supplier

communication
Quality focus conformance Quality focus customer

satisfaction
Technology Lifecycle: Incremental Lifecycle: Evolutionary
unknown CSF Developers’

competence
CSF End user 

involvement
Contract terms Target price Contract terms T&M
Management
focus

engineering Management
focus

Risk

Quality focus performance Quality focus customer
satisfaction

Table 4-6: Project attributes for different types of projects

So far we have studied systems development mainly from project perspective. Our aim has been to 

manage and to measure performance of one project. Next we look into information systems 

development from process perspective. Our objective is to find suitable measures that allow us to 

understand and improve systems development process.
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5. Managing systems development process

5.1 Introduction

Managers are concerned with meeting their corporate objectives on budgets, customer satisfaction, 

market growth etc. Top management is also responsible to stock holders. Therefore management 

needs visibility to the development process. A manager needs to have a control mechanism that 

enables him/her to spot variances in planned vs. actual performance and to take corrective action. Also 

a manager needs a vehicle to cope with the risks involved in systems development. Project manager's 

vehicles are project management tools and development methodologies that were discussed in 

chapters 3 and 4. Program and department managers, on the other hand, are looking systems 

development from higher, more abstract level. They are responsible of multiple projects. It is 

suggested here, that their prime concerns should be capability of systems development process and 

risk of their project portfolio. This chapter focuses on measures that predict the capability of the 

overall software process.

From project manager's perspective it is irrelevant what is the average development cycle time, if the 

project is performing according to customer expectation. It is equally irrelevant for the project 

manager how well the lessons learned from his or hers project are leveraged by other projects. 

However, it is essential for company's success to track and measure these things. Middle management 

in an IS organization should be the catalyst for process improvement initiatives. Middle managers 

observe a portfolio of projects and they have a position from where the success factors in one project 

may best be institutionalized in the systems development process of the organization. Middle 

management should be bilingual, and understand the language of things in operative terms as well as 

the language on money in financial terms like revenue, productivity etc. (Lynch & Cross, 1995).

Typical middle management's activities in systems development are (Sommerville, 1992, p. 481):

• Proposal writing

• Project costing

• Project planning

• Project monitoring and reviews

• Personnel selection and evaluation

• Report writing and presentations

Since middle management participates in all phases of the project life cycle it should be responsible 

for process improvement and measurement. For project based organization with external customers
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the sales stage is critical. It sets the course of business by answering a strategic question: In what 

business are we in? This strategic question should be answered by top management. Middle 

management, however, must interpret the strategy statements during pre-project stages. How well 

these decisions are made is the extent of sales and marketing effectiveness. Sales and marketing 

effectiveness may be improved by studying aspects such as how many of our customers that has seen 

our commercial or has been in contact with our sales representative actually bought something from 

us? or what is our proposal hit rate, i.e. how many of our proposals that we send out finally realize as 

contracts? Effectiveness measures generally should be evaluated at higher level, since they relate to 

fundamental strategical priorities of a company. Measures of sales, marketing and proposal 

development efficiency, on the other hand, describe dimensions such as how long does it take to 

prepare a bid, what are the costs of developing a bid etc. These measures are critical and should be 

quantitatively tracked and observed at the operative management level.

Proposal writing is a critical task as the prosperity of many software organizations depends of having 

a sufficient number of proposals accepted and contracts awarded. In addition to having sufficient 

"frontlog" of proposals also the quality of proposals as well as the proposal development efficiency 

are critical to success of an systems development organization. Project planning is usually performed 

by project manager, and project plan is then approved by his/her manager (Yli-Olli & Hokkanen,

1991, p.122).

5.2 Managing a portfolio of projects

Systems development projects often involve hardware, software and subcontracting from multiple 

vendors. In addition to risks of software engineering, that were described earlier, the prime contractor 

must bear a significant risk of coordinating all pieces of the puzzle. Such contractors are frequently 

called systems integrators. Systems integrators by definition are companies that acquire hardware and 

programs and integrate them on behalf of end users. They also work with their customers to develop 

the data, procedures, and personnel components of the systems they integrate (Kroenke & Hatch, 

1994). According to one study (Lederer & Prasad, 1993) software managers, analysts and 

programmers identified that two most influencing estimators of project costs are the complexity of the 

proposed application and its required integration with existing systems.

Since risk is so integral part of systems development, measures of risk should be significant part of 

comprehensive measurement framework for IS development. The methods for reducing the project 

risk were already covered in earlier chapters: investment calculations and project contract terms 

(3.2.1), life cycle models (4.2), development management tools (4.4). Also project risk assessment
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was illustrated in chapter 4.4. A systems development manager, that has multiple projects to control, is 

not so worried if one particular project fails in estimates (unless very large). The manager's safety net 

is a balanced portfolio of projects, where failure in one project is off-set by success in another.

A company is exposed to major danger if managers fail to balance the implementation risk of their 

project portfolio. This does not imply that risk is bad. The point is that higher risk must have potential 

for greater benefits. A systems integrator should aggregate the portfolio risk profile from their 

individual project risk profiles. Different types of companies and strategies also need different risk 

profiles (Cash et al, 1988). If the organization mainly operates in a mature business sector that has 

stable technology and established business processes and practices, a less risky portfolio may be 

appropriate. On the other hand if the integrator's primary customers are high tech companies investing 

heavily in state-of-the-art information technology it may be crucial to have a high risk project 

portfolio. Especially systems integrators have high project risk content since they must bear the 

overall risk of integrating heterogeneous hardware and software provided by multiple third party 

vendors. This suggests that systems integrators are likely to have relatively high risk portfolios.

Project portfolio risk is an aggregate from individual projects' risk profiles. Furthermore there are 

general factors that influence the portfolio risk either by reducing it or amplifying it (see Table 5-1).

Portfolio Risk 
Focus

factor Low High

Turnover of IT-professionals Low High
Perceived quality of project personnel by customers High Low
IT solutions critical to customers No Yes
Experienced IT-professionals Yes No
Major project fiascoes in last two years No Yes
New management team No Yes
Future projects are seen as critical to customers No Yes
IT-professionals' skill sets perceived as outdated No Yes

Table 5-1: Factors affecting the project portfolio risk (Based on Cash et al, 1993)

5.3 Managing the software process

Chapter 2 discussed the key concepts of process management. In this chapter we view the 

management of software process. Software process can be defined as "a set of activities, methods, 

practices, and transformations to develop and maintain software and the associated products (e.g. 

project plans, design documents, code, test cases, and end user manuals)" (Paulk et al, 1995). 

Information systems development process may contain some elements that are not covered by 

software process frameworks, like systems integration and hardware related issues, but software 

process improvement paradigm covers most of the topics that are relevant to systems development
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projects. This chapter discusses the issues that form the foundation of development capability, in other 

words, how are we able to improve the process efficiency, effectiveness, and predictability of process 

outputs. The measurement from this perspective concentrates on how to quantify the capability of our 

software process.

Next three frameworks for process management, that are suitable for systems development, are 

examined. The focus is to give insight on how these frameworks can be applied with measurement and 

how they suggest that measurements should be made.

5.3.1 ISO 9000

ISO 9000 is a quality management system (QMS) that is developed and maintained by the 

International Organization for Standardization (ISO). ISO 9000 includes multiple standards and 

guidelines that deal with various aspects of product and service quality. The elements of ISO 9000 are 

briefly described bellow (Eisner, 1997, p. 41):

• ISO 9000: Basic definitions and concepts; how to select and use other standards in the series.

• ISO 9001 : Deals with external quality assurance (QA) situations; ensures conformance with 

requirements during design, development, production, installation, and service

• ISO 9002: Deals with external QA situations; used when production and installation conformance 

are of concern

• ISO 9003: Deals with external QA situations; focuses on ensuring conformance in final test and 

inspection

• ISO 9004: Deals with internal QA situations; provides guidelines on technical, administrative, and 

human factors affecting the quality of products and services

According to ISO 9004 “the quality system typically applies to, and interacts with, all activities 

pertinent to the quality of a product or service. It involves all phases from initial identification to final 

satisfaction of requirements and customer expectations" (ISO 9004, 5.1.1). ISO 9000 series is a tool 

for managing the whole value adding processes - not just the software process. It gives many 

requirements, for example, on qualifying subcontractors, processing of pre-contract phases, etc. 

However, it gives only rough guidelines on the management of development process.

ISO 9001 is the most comprehensive quality management system offered by ISO 9000 series. It does 

not directly dictate process steps as the models discussed in the next two chapters, but it lists the 

requirements of a quality management system that form the basis for design, development, production, 

installation and service processes. These requirements are as follows (ISO 9001):

• Management responsibility
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• Quality system

• Contract review

• Design control

• Document control

• Purchasing

• Purchaser supplied product

• Product identification and traceability

• Process control

• Inspection and testing

• Inspection, measuring and test equipment

• Inspection and test status

• Control of nonconforming product

• Corrective action

• Handling, storage, packaging and delivery

• Quality records

• Internal quality audits

• Training

• Servicing

• Statistical techniques

ISO 9000 standard family also includes ISO 9000-3, a guideline for applying ISO 9001 to the 

development, supply and maintenance of software. Together with ISO 9001 standard ISO 9000-3 

gives basic guidelines for establishing a quality management system for software or systems 

development organization.

Process capability is also one of the goals in ISO 9000 series. ISO 9004 (10.4) sets guidelines for 

managing process capability as follows: "Process capability should be verified as capable of 

producing in accordance with product specifications. Operations associated with product or process 

characteristics that can have a significant effect on product quality should be identified. Appropriate 

control should be established to ensure that these characteristics remain within specification or that 

appropriate modifications or changes are made". The difference between software process models like 

the CMM (see 5.3.2) is that ISO 9000 has a strong focus on process conformance to standards, where 

the emphasis on the CMM is on continuous process improvement (Paulk et al., 1995, p. 415).

It is important to note that ISO 9001 covers any QMS in any industry, so its requirements need to be 

carefully interpreted for the software engineering industry (Ould, 1990, p. 104). ISO 9000 standards
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have a strong manufacturing focus, and the development process of information systems is very 

different from the manufacturing process. Quite often manufacturers develop quality models by 

collecting great amounts of data from work locations where the same function is repeated over and 

over. In such a context, statistical quality control can be accomplished based on numerous repetitions 

of the manufacturing process. Because software is developed once, this type of control is impossible 

(Basili & Caldiera, 1995). In this respect software and systems developers have had difficulties when 

implementing ISO 9001 quality management systems. In fact one survey found out that 18% of the 

staff using ISO 9000 in the IT sector had negative view of the standard (Ibanez & Rempp, 1996).

Measurement in ISO 9000 standards

Measurement is perhaps the least matured element of software engineering quality systems. Excluding 

cost information software engineering companies do not collect and utilize information on their 

process and product quality like in other industries (Yli-Olli & Hokkanen, 1991, p. 70). ISO 9000 

requires the use of quality measures as follows (ISO 9004, 18.3.4): "Accurate, definitive measures of 

quality achievement attributable to individuals or groups may be publicized to let employees and 

production line supervisors see for themselves what they, as a group or as individuals, are achieving 

and to encourage them to produce satisfactory quality. Management should provide recognition of 

performance when satisfactory quality levels are attained". Also statistical methods should be enforced 

in the collection of metrics through the whole process.

Measurement requirements in ISO 9000 are only rough guidelines and thus give little enlightenment 

on what and how to measure. Because of vague measurement requirements, there is a significant 

degree of interpretation of measurement clause by auditors (Paulk et al, 1995, p. 414).

5.3.2 Capability Maturity Model

The Capability Maturity Model for software (CMM) is a framework that describes key elements of an 

effective software process. Its purpose is to guide organizations in selecting process improvement 

strategies by determining their current process maturity and identifying the few issues most critical to 

improving their software process and software quality. Process maturity is defined as "the extent to 

which a specific process is explicitly defined, managed, measured, controlled, and effective" (Paulk et 

al, 1995). The rating components of the CMM, for the purpose of assessing an organization's process 

maturity, are five maturity levels that range from ad-hoc, chaotic processes to mature and disciplined 

processes. CMM is a normative model and is based on actual best practices of the software industry. 

The maturity framework, that is the foundation of CMM, is adapted from Philip Crosby. CMM 

approach is hence an application of Total Quality Management concepts to software processes. The 

goal of process improvement in CMM is customer satisfaction like in TQM (Paulk et al, 1995). Also

Jali Berg, 1999
Pro Gradu: Performance Measurement Model for Information Systems Development



Managing systems development process 51

like TQM, CMM is a top-down approach, where software process improvement steps are aligned with 

the business needs of the organization. The software process improvement requires visible support and 

commitment from senior management (Herbsleb et al, 1997). The difference with TQM is that CMM 

is a framework for assessing and improving only the software process, where TQM is a tool for 

improving all aspects of a corporation.

Software maturity in CMM is measured by five maturity levels. These five levels provide an 

evolutionary path for software process capability improvement. Each maturity level is composed of 

several key process areas (KPA’s). Key process areas indicate where an organization should focus to 

improve its software process. Key process areas identify the issues that must be addressed to achieve a 

maturity level (Paulk et al, 1995, p. 32). Maturity levels and Key Process areas are listed in Table 5-2.
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Maturity Level Description of maturity level Key Process Area
Initial The software process is characterized as ad 

hoc, and occasionally even chaotic. Few 
processes are defined, and success depends 
on individual effort and heroics.

No KPA’s

Repeatable Basic project management processes are 
established to track cost, schedule, and 
functionality. The necessary process 
disciplines is in place to repeat earlier 
successes on projects with similar 
applications.

Requirements management
Software project planning
Software project tracking and 
oversight
Software subcontract management 
Software quality assurance
Software configuration 
management

Defined The software process for both management 
and engineering activities is documented, 
standardized, and integrated into a standard 
software process for the organizations. All 
projects use an approved, tailored version 
of the organization’s standard software 
process for developing and maintaining 
software.

Organization process focus 
Organization process definition 
Training program
Integrated software management 
Software product engineering
Peer reviews

Managed Detailed measures of the software process 
and product quality are collected. Both the 
software process and products are 
quantitatively understood and controlled.

Quantitative process management 
Software quality management

Optimizing Continuos process improvement is enabled 
by quantitative feedback from the process 
and from piloting innovative ideas and 
technologies.

Defect prevention
Technology change management 
Process change management

Table 5-2: CMM's maturity levels and key process areas (Paulk et al, 1995)

Each key process area is described in terms of key practices. They describe the activities and 

infrastructure that contribute most to the effective implementation and institutionalization of the key 

process area. Key practices are independent on a particular software life cycle model, organizational 

structure, or specific application area. The intention of key practices is to describe, what is to be done, 

not how it should be done. Key practices are organized by common features, that indicate whether the 

implementation and institutionalization of a key process area is effective, repeatable, and lasting. The 

five common features are: Commit to perform, Ability to perform, Activities performed, Measurement 

and analysis, and Verifying implementation. Figure 5-1 illustrates the CMM model architecture.

(Paulk et al, 1995, p. 32 - 58)
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Figure 5-1: CMM model architecture (Paulk et al, 1995, p. 30).

The CMM model can be used by assessment teams to identify strengths and weaknesses in the 

organization or to identify risks of selecting among different contractors. CMM documentation 

includes a method called IDEAL for conducting appraisals. Two general classes of appraisals are 

described (Paulk et al, 1995, p.82):

• Software process assessments are used to determine the state of an organization's current software 

process, to determine the high-priority software process-related issues facing an organization, and 

to obtain the organizational support for software process improvement.

• Software capability evaluations are used to identify contractors who are qualified to perform the 

software work or to monitor the state of the software process used on an existing software effort.

Measurement in CMM

The CMM supports measurement of the software process by providing a framework for performing 

reliable and consistent appraisals (Paulk et al, 1995). Hence it provides an ordinal scale measure of 

overall capability of the software process of an organization. CMM based maturity classification 

offers an organization an excellent source for benchmarking, since appraisal summaries are publicly 

available and if the assessment has been conducted correctly the appraisal results are comparable. 

According to a study by Software Engineering Institute (SEI), the status of software process maturity
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in 1997 was that the world's leading edge companies have already achieved the highest level of 

maturity, but the amount of those companies is less than 1 percent (CMU, 1997). Also the fourth level 

is still very rare and most companies are still on the initial maturity level. The median time to move 

from level 1 to level 2 has been 32 months. The shift from level 2 to level 3 seems to be shorter 

(CMU, 1997). Publicly available CMM assessment reports provide information more detailed than 

simple organization's maturity level. Assessment profiles that show how well KPA requirements are 

satisfied are available. Currently it seems that Software Quality Assurance and Software Project 

Planning are the least frequently satisfied KPA's among maturity level 1 organizations. Integrated 

Software Management, Organization Process Definition and Training Program are the least frequently 

satisfied KPA's among level 2 organizations.

The CMM rating itself is a powerful measure, but not adequate to process performance measurement. 

CMM based process assessment offers a qualitative way to asses organization's process capability, but 

does not provide a mechanism for continuous and quantitative measurement feedback. However, if an 

organization wishes to enter higher maturity levels CMM requires increasing quantitative control of 

processes. Measurement scope is at first focused on planning and managing data by individual 

projects, then in the process context to enable systematic sharing of data across projects, then to 

understand projects quantitatively and finally to optimize processes and to find improvement 

opportunities (Paulk et al, 1995, p.25). Table 5-3 highlights the focus of measurement on different 

CMM maturity levels.

Maturity Level Characteristics Focus of Measurements
1 .Initial Ad hoc, chaotic Establishing baselines for planning and

estimating
2.Repeatable Processes depend on individuals Project tracking and control
3.Defined Processes are defined and institutionalized Definition and quantification of inter

mediate products and processes
4.Managed Processes are measured Definition, quantification, and control of

subprocesses and elements
5.Optimizing Improvements are fed back to processes Dynamic optimization and improvement 

across projects

Table 5-3: Relationship of Software Measures to Process Maturity (Carleton et al, 1996)

One can see from Table 5-3, that CMM approach to measurement is somewhat inflexible like the 

CMM framework itself. CMM is a hierarchical model, and such a staged approach necessarily has a 

built-in implicit improvement roadmap (Kitson, 1996). This implies that an organization on repeatable 

level must satisfy only the measurement requirements for project tracking and control. This 

assumption is misguiding. Nonetheless, measurement is integral part of CMM and it is addressed in 

great detail in the framework.
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Issues concerning measurement are particularly included trough the common feature Measurement 

and Analysis, that describes the basic measurement practices to each Key Process Area. These 

measurements are used to control and improve the process. The CMM documentation includes many 

examples of the measurements in the descriptions of that common feature. Although it is not the spirit 

of CMM to forward through common features from level to another, the measurement and analysis 

common feature offers fairly good guidelines that can be used when designing a measurement model 

for software or IS organization. Appendix В lists the measures found in measurement and analysis 

KP A of the CMM.

One of drawbacks of the CMM is that most factors that influence the measurement capability of an 

organization are defined on the upper maturity levels. In particular the optimizing and managed levels 

include practices that have major impact on measurement practices. Many of those practices are 

addressed in ISO 9000.

5.3.3 SPICE

SPICE - Software Process Improvement and Capability dEtermination - is a series of standards on 

software process developed by the International Organization for Standardization (ISO). SPICE 

framework was developed from the many software process frameworks including CMM, Trillium, 

Bootstrap, and many others. It is also the intention of SPICE to be compatible with ISO 9000 

standards as well as ISO 12207. The SPICE standards focus on software process issues, but will also 

be concerned with people, technology, management practices, customer support and quality, as well as 

software development and practices (Paulk et al, 1995, p. 419). Therefore SPICE may be more 

appropriate than CMM as a process improvement tool with information systems development process.

SPICE defines, at a high level, the fundamental activities that are essential to good software 

engineering. It describes what activities are required, not how they are to be implemented. SPICE 

offers a comprehensive framework for process assessment. Assessments are conducted to promote an 

understanding of the software process, to support process improvement or to support process 

capability determination (SPICE documentation vl.00 - Part 1, p. 12). Where Software Engineering 

Institute acknowledges CMM to be best applied with large software organizations, SPICE is designed 

to be appropriate across all application domains and sizes of organization.
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SPICE model architecture is similar to CMM's. The basic 

building blocks in SPICE framework are 36 processes. They 

are similar to CMM's key process areas. However in CMM the 

underlying assumption is that an organization can have 

particular KPA's only if it has institutionalized all KPA's from 

previous maturity levels. SPICE on the other hand, assumes 

that all processes exist independently from a particular maturity 

level. These processes may be chaotic or do not produce 

identifiable outputs, but nonetheless are present. This makes it 

possible with SPICE to assess any processes no matter how 

matured the organization is. For example according to the 

definition of CMM, the assessment of integrated software 

management KP A is possible only after the organization has 

moved to level 2 on process maturity ladder. The reason for 

this is that CMM assumes that each maturity level forms a 

necessary foundation on which to build the next level (Paulk et 

al, 1995, p. 20). SPICE resolves these dependencies through 

process links, that suggest which particular process(es) should 

be implemented in order to implement another, related, 

process.

Each process in SPICE framework is described by base 

practices, which are the essential activities of the specific 

process. Equivalent in CMM are the key practices. Processes, 

on the other hand, are grouped into five process categories 

(SPICE - part 2 Annex C, p. 1). SPICE processes organized by 

process categories are shown in Table 5-4. The processes in 

SPICE are not processes in the sense of being complete process 

models or descriptions. These processes contain essential 

practices, but they do not describe how to perform the process 

(SPICE - part 2 Annex C, p. 3).

Process capability is expressed in terms of capability levels, 

common features, and generic practices. Generic practices are applicable to all processes. These 

practices represent the activities necessary to manage a process and improve its capability to achieve 

desired outputs. They are grouped into common features and capability levels which help to define
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Customer-Supplier process category 
Acquire software product and/or 
service
Establish contract 
Identify customer needs 
Perform joint audits and reviews 
Package, deliver, and install the 
software
Support operation of software 
Provide customer service 
Assess customer satisfaction

Engineering process category 
Develop system requirements and 
design
Develop software requirements 
Develop software design 
Implement software design 
Integrate and test software 
Integrate and test system 
Maintain system and software

Project process category
Plan project Ufe cycle 
Establish project plan 
Build project teams 
Manage requirements 
Manage quality 
Manage risks
Manage resources and schedule 
Manage subcontractors

Support process category
Develop documentation 
Perform configuration management 
Perform quality assurance 
Perform problem resolution 
Perform peer reviews

Organization process category
Engineer the business 
Define the process 
Improve the process 
Perform training 
Enable reuse
Provide software engineering
environment
Provide work facilities

Table 5-4: SPICE processes and 
process groups (SPICE 
documentation v 1.00 - Part 2)
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how the process will be managed towards achieving its defined purpose. Figure 5-2 illustrates the 

SPICE model architecture.

Model
Architecture

Capability
Level

Generic
Practice

Base
Practice

Process Common
Feature

Process
Category

Figure 5-2: SPICE model architecture (SPICE documentation vl.00 - Part 2, Annex C).

Capability levels are similar to CMM’s maturity levels. There are five capability levels that address 

the process capability (see Table 5-5). Each level provides a major enhancement in capability to that 

provided by its predecessors in the performance of a process. Contrary to the architecture of CMM, 

the SPICE architecture is twofold. Process capability is independent of any given process and thus it is 

possible to asses the capability of any particular process. As stated earlier CMM assumes, that an 

organization can mature only through a predetermined path, since Key Practice Areas belong to a 

specific maturity level. This twofold view is perhaps the most important architectural difference 

between SPICE and CMM (Liukkonen, 1995).
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Maturity Level Description
0 Not-Performed The Not-Performed level has no common features. There is general 

failure to perform the base practices in the process. There are no easily 
identifiable work products or outputs of the process.

1 Performed-Informally Base practices of the process are generally performed. The performance 
of these base practices may not be rigorously planned and tracked. 
Performance depends on individual knowledge and effort. Work 
products of the process testify to the performance. Individuals within the 
organization recognize that an action should be performed, and there is 
general agreement that this action is performed as and when required. 
There are identifiable work products for the process.

2 Planned-and-Tracked Performance of the base practices in the process is planned and tracked. 
Performance according to specified procedures is verified. Work 
products conform to specified standards and requirements.
The primary distinction from the Performed-Informally Level is that the 
performance of the process is planned and managed and progressing 
towards a well-defined process

3 Well-Defined Base practices are performed according to a well-defined process using 
approved, tailored versions of standard, documented processes.
The primary distinction from the Planned-and-Tracked Level is that the 
process of the Well-Defined Level is planned and managed using an 
organization-wide standard process.

4 Quantitatively- 
Controlled

Detailed measures of performance are collected and analyzed. This leads 
to a quantitative understanding of process capability and an improved 
ability to predict performance. Performance is objectively managed. The 
quality of work products is quantitatively known.
The primary distinction from the Well-Defined Level is that the defined 
process is quantitatively understood and controlled.

5 Continuously- 
Improving

Quantitative process effectiveness and efficiency goals (targets) for 
performance are established, based on the business goals of the 
organization. Continuous process improvement against these goals is 
enabled by quantitative feedback from performing the defined processes 
and from piloting innovative ideas and technologies.

Table 5-5: SPICE maturity levels (SPICE documentation vl.00 - Part 2, Annex C)

SPICE structure

The cornerstone of SPICE framework is "A model for process management" - Part 2 of the standard - 

that has been reviewed above. SPICE standards also include detailed guidelines for conducting 

assessment (part 4), rating the assessment (part 3), construction, selection and use of assessment 

instrument and tools (part 5), as well as guidelines for qualification and training of assessors (part 6). 

Two primary usage scenarios of SPICE - process improvement and capability determination - have 

also their own parts in the standard (part 7 and part 8). Together with introductory guide (part 1) and 

vocabulary (part 9), these standards form a comprehensive framework for software process 

management. The framework, in its conciseness, is also quite complicated and successful use of 

SPICE needs organizational readiness and commitment for software process management as well as 

highly skilled assessors. The complexity of SPICE is likely to hinder the penetration of the standard. 

On the other hand, SPICE is also very flexible. The Model for processes and process management in
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SPICE is applicable to all software organizations and does not presume particular organizational 

structures, management philosophies, software life cycle models, software technologies, or 

development methodologies (SPICE - part 2, p.6). In addition SPICE model is customizable. The 

baseline practices may be extended through the generation of application or sector specific practice 

guides to take account of specific industry, sector, or other requirements. The authority and 

commitment of ISO is a major driver for SPICE framework's success. It is the objective of ISO, that 

SPICE standard will become the successor of ISO 9000 as a quality management system for software 

and systems development organizations (Liukkonen, 1995).

Measurement in SPICE

Measurement in SPICE model is particularly addressed though general practice Tracking with 

Measurement. Its purpose is to "track the status of the process against the plan using measurement" 

(SPICE Part 5: Annex A, p. 24). There are a number of measures are listed in SPICE. They are 

grouped within following work products:

• Project measures

• Process measures

• Quality measures

• Risk measures

• Field measures

• Service level measures

• Benchmarking data

5.3.4 Software process management frameworks - comparison

In brief, it could be simplified, that ISO 9000 gives guidelines for software process improvement, 

CMM gives a roadmap for improvement, and SPICE offers both: guidelines and a roadmap. The 

dilemma with ISO 9000 is that it gives an organization relatively broad freedom to implement the 

QMS. This has lead to a situation where the gap between best of breed ISO accredited company may 

be huge compared to a company that has gained ISO accredition with the least of effort. CMM and 

SPICE, on the contrary are very strict in their approach and give a much more reliable picture of the 

assessed company. Although there is a human component that cannot be totally eliminated from the 

process and this may lessen the comparability especially since both frameworks are very complicated 

and require high expertise from the assessors.

CMM model is often criticized of being inflexible and not applicable with small organizations 

(Liukkonen, 1995). Also, CMM does not provide means for evaluating overall company structure and 

organization or analyze strategic deficiencies and manage change (Cattaneo et al, 1995). One criticism
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is that CMM based software process improvement causes the organization to neglect important non- 

CMM issues (Herbsleb et al. 1997). Despite its deficiencies, in the future it may become vital for an 

organization in software business to be able to demonstrate its compliance with a certain capability 

level of CMM. Some government agencies in the US are already indicating that competition will be 

limited to enterprises that achieve certain level of capability of CMM (Eisner, 1997, p. 239). Because 

of the strong foothold of ISO standards in Europe, it is possible that if capability frameworks are to 

succeed in Europe it will be trough SPICE-framework.

The domain space of the SPICE product set is broader than that of the CMM, with the CMM focusing 

on software management and technical processes, while SPICE includes additional such areas as 

acquisition and operational support (Kitson, 1996). The primary distinction between the two is that 

SPICE provides a framework for a model and a method while the CMM provides a conformant model 

(Kitson, 1996). In other words CMM gives a model which describes the ideal software process, but 

SPICE also gives tools for customizing and extending the ideal process. However, SPICE is still in its 

development phase, and since it is intended that it is to become an international standard it may be a 

lengthy process before SPICE becomes commonly used. Also SPICE is even more complicated and 

detailed than CMM, and even if it has been designed to cope with the deficiencies that CMM has in its 

applicability with smaller organizations, it is still not proved that SPICE will ease that at all.

5.4 Measuring the Software Process

It is important to view measurement from both project and process perspective. Project measures, as 

discussed earlier, ensure that the project is executed within given time, cost and quality objectives. 

When these objectives are met the project has been successful. Project measures are mostly relevant in 

the context of the project and successful project execution does not necessarily suggest that the 

company is competitive in the market place. Process measures on the other hand should be predictors 

of company's competitive edge. As it has been shown in this chapter the improvement of development 

process is a challenging task and involves definition and institutionalization of multiple practices. 

Thus, defining measures for development process success is equally demanding.

In SPICE framework process measures are understood as "measures that address such goals as 

process efficiency and quality" (SPICE Part 2, p. 54). The key difference when measuring 

development process performance and project performance is that project performance is validated 

primarily against customer expectations and process performance is validated against process 

performance baseline or competitors. Table 3-1 illustrates the distinction of measurement issues when 

measuring projects and measuring process performance.
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Business Goals Project Issues Process Issues
increase function product growth 

product stability
product conformance

reduce cost budgets
expenditure rates

efficiency
productivity
rework

reduce the time to 
market

schedule
progress

production rate 
responsiveness

improve product quality product performance 
product correctness 
product reliability

predictability 
problem recognition 
root cause analysis

Table 5-6: Distinction of measurement issues from project and process perspectives (Florae et al, 

1997).

The objectives of process management are to ensure that the processes within the organization are 

performing as expected, to ensure that defined processes are being followed, and to make 

improvements to the processes so as to meet business objectives (e.g., lowering risks associated with 

commitments and improving the ability to produce quality products). (Florae et al, 1997)

Nidumoly & Knotts (1998) suggest a process based model that indicates perceived competitive 

performance of a firm in the software sector. Their model is based on two key objectives of software 

process based models: reusability and customizability. Firm's performance is observed from two 

dimensions: customer responsiveness and product cost efficiency. They are derivatives of two 

additional dimensions: process predictability and flexibility. The model is shown in Figure 5-3.

Process
FlexibilityCustomizability

Competitive
Performance

Process
Predictability

Reusability

Figure 5-3: Perceived competitive performance model for software firms (Nidumolu & Knotts, 1998).

Study by Nidumoly & Knotts did not show evidence that reusability contributes to competitive 

performance, therefore the arrows between reusability and flexibility and reusability and process 

predictability in Figure 5-3 are presented as dashed lines. However, other sources (e.g. Basili &

Cal diera, 1995) emphasize the importance of reusability and its measurement, and hence reusability is 

stressed here as part of process level measurement areas.
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The attributes that were identified for measurement in the study by Nidumoly & Knotts are

summarized below:

• Perceived competitive performance

♦ Product cost efficiency: Measures for cost competitiveness, development efficiency and 

developers' productivity.

♦ Market responsiveness: Measures for response speed to new customer needs, ability to 

tailor products to individual customer needs, speed at which new markets can be entered, 

and the rate of introduction of new software products and services.

• Process flexibility is measured compared to competitors. The measures should indicate how well 

the current development approach can be adapted to changes when market environment changes in 

labor supply, customer needs, competition, regulation, and technology.

• Process Predictability indicates how well the actual schedule, budget, resources, quality, and 

functionality in a project can be specified upfront. These types of measures can be aggregated from 

project level measures.

• Reusability can be measured as the percentage of reused component in a project. Reused 

component are not limited to code modules, but reuse strategy should also include requirement 

specifications, design specifications, test data, documentation etc. Reusability strategy should also 

be evaluated in terms of how well are the mechanisms in place to encourage reuse.

• Customizability indicates how well the development approach adapts to variety of projects. 

Customizable development approach can be used effectively for a different types of projects, 

teams, requirements, technologies, and be adapted to different kinds of quality and productivity 

goals.
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6. Designing a Performance Measurement system

Performance measurement system can be defined as the integration of the measures of a core process 

(Lynch & Cross, 1995). The system should

1. support top management priorities in a consistent manner from top to bottom in the organization,

2. aggregate measures in a way that provides decision makers with the right information at the right 

time,

3. help balance and integrate the financial and non-financial measures of the business, and

4. provide feedback on the performance of the core process horizontally in the internal customer- 

supplier networks, providing each part with the information it needs to help optimize the system.

The design of performance measurement system begins by developing an information architecture. 

Information architecture is an umbrella term for the categories of information needed to manage a 

company's businesses, the methods the company uses to generate this information, and the rules 

regulating its flow (Eccles, 1991). Information architecture can be broken down into two entities 

(Benjamin & Levinson, 1993):

• soft infrastructure, that includes vision, goals, and data, measures and rewards

• hard infrastructure, that includes data repositories and technology infrastructure

Soft infrastructure is the heart of measurement system. The understanding of processes and the critical 

success factors that enable an organization to improve the capability of their processes is in the soft 

infrastructure. Measurement system is the presentation of soft infrastructure, that lists the measures 

that are observed, their relationships, and organizational responsibilities regarding the measures. 

Eccless and Pybum (1992) suggest following steps of performance measurement system 

implementation:

1. Development of a business model that includes nonfinancial measures that supplement the 

financial ones and deciding on the relationships that exist among them

2. Development of methodologies for taking the new measures.

3. Deciding on format and frequency of performance measurement reports.

4. Changing the personnel evaluation and compensation processes.

5. Continuous improvement and refinement of the measurement system.

Davenport & Beers (1995) list these same steps in their study of managing process information. These 

steps are identification (1), collection (2), distribution (3), and use (4 & 5). Measurement system 

should not be carved in stone. For continuous refinement of the model, the steps above are regularly 

repeated to form an improvement loop. Together the steps define what we call here a measurement
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process. These steps are discussed in greater detail in chapter 6.2. Figure 6-1 depicts the theoretical 

framework of the study, which summarizes the findings of the study to one performance management 

system presentation. The key elements of the model are measurement model which describes the 

measurement areas for each organizational level, measurement process that implements measurement 

as suggested by the measurement model, and information architecture that is the pool of organization's 

vision, goals, measures etc. and technical infrastructure that enables organization to save and utilize 

this information.

Presentation layer

Implementation laye:

Conceptual layer

Soft infrastructure

Hard Infrastructure

Measurement Model

easurement process

Information architecture

Figure 6-1: Measurement system for IS industry.

6.1 Measurement Model

Measurement Model offers a view to the business from different perspectives. Measurement model 

defines what measures are used and who uses a specific measure. The two frameworks that were 

presented earlier (Balanced Scorecards and Performance Pyramid) offer guidelines on how vision can 

be broken down into goals, and how goals are grouped into specific areas of corporate performance. 

The balanced scorecard method does not include the organization of metrics into different categories 

according to corporate level. In this study the objective is to create a measurement framework that is 

applicable on all levels of organization. Therefore, the measurement system here is developed as a 

multitier model, where different organizational levels have different metrics and the level of 

aggregation grows as we move up the corporate hierarchy. Thus, measurement model is drawn in 

pyramid shape to describe the hierarchy of the measures. Like in performance pyramid described
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earlier, this model assumes that as we go down the pyramid the language of money is replaced by the 

language of things.

Measurement model also starts with the vision of the top management. Vision is the starting point for 

unit level goal setting against which unit performance is measured. Unit in this model can be a whole 

company, business imit, or department. Unit performance measures can be organized and tracked 

using the balanced scorecard method described in chapter 2.3.3. Unit's top management is responsible 

for tracking these measures and taking corrective action when necessary. Unit top management is also 

responsible for deploying the vision in form of measurable goals.

Process level measures are aggregated from multiple projects. These measures should be designed to 

facilitate process improvement, to enable knowledge sharing across projects, and to control portfolio 

risk. The entity of measurement is a bundle of projects that share the same process characteristics. 

They also may be managed together as a program of multiple projects or as the project portfolio of a 

department. This level should be bilingual so that the monetary goals of the unit are translated to 

operational measures down to the project level. The focus should be on managing the overall 

performance of the software process. However, when a major discrepancy with the standard process 

occurs, middle management should take active role in putting things back on course for any individual 

project.

Project level performance includes the measurement of individual projects. These measures were 

discussed in chapters 3 and 4 . Since quality and performance measures may be very unique to 

projects, they should be agreed with the project team.

One of the key points in the measurement model is that top management sketches the measurement 

model in such detail that it is possible for middle management and project managers to act upon those 

goals. It is important, that managers are held accountable only of how well they perform within the 

model. If project revenue is not a project manager's goal, he or she should not be held responsible for 

low project revenue, if the project manager's goals are met. The upper management's responsibility is 

to validate the relevance of the model against competitor benchmark information and most of all, 

against customer satisfaction.

6.2 Measurement Process

The key of the whole measurement framework is the use of measures to detect process deficiencies, to 

act upon them, and to continuously alter and improve the measurement model to reflect the strategic
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priorities of the company. Measurement process enables measurement model to adapt to the changes 

in business environment.

6.2.1 Identification

The measurement process takes its input from measurement model, that represents the basic areas that 

should be measured. Identification of relevant business metrics begins by deriving goals from 

corporate vision. Goals must relate to customer satisfaction (Ward, 1996). Measures of customer 

satisfaction validate the appropriateness of other measures. The identification phase uses basic tools 

and decision aids to decide on which measures are the most valuable predictors of performance in a 

selected measurement areas. The cost / benefit of collecting data for measurement is also assessed, 

and necessary alterations for hard infrastructure e.g. data repositories and applications are outlined. 

Following guidelines can be used at the measurement process identification phase (Greene & Flentov, 

1990):

• Performance measures should help measure progress toward controlling activity costs.

• Performance measures should not be considered permanent.

• Measures should be easy to understand.

• Performance measures should be few in number.

• Performance measures should be reported on a timely basis.

• Measures should be visible.

• A clear management commitment to the performance measures must exist.

• Performance measures must be clearly linked to the employee evaluation process.

Also, the quality of the metrics should be weighted against the general criteria about the quality of 

data. For example the quality data could be validated using the following criteria (Bodnar & 

Hopwood, 1995, p. 399 - 400):

• Accuracy - information is correct in reflecting reality

• Timeliness - information is up-to-date

• Response time - information is made available quickly

• Completeness - the information contains everything that is needed

• Relevance - the information affects the decision at hand

6.2.2 Collection

Collection phase involves the collection of information from operative systems and possibly 

integrating them to measurement applications. For collection of data the procedures to obtain the data 

for measurement, as well as responsibilities for data gathering and maintenance must be specified. 

This phase also includes the procedures for external information collection such as customer surveys
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or competitor assessments. Also included are decisions on the periodicity of measures, which often are 

a function of how quickly the measures change and how difficult and expensive they are to obtain 

(Eccles & Pybum, 1992). During collection the hard infrastructure of the information architecture is 

refined, by identifying the data repositories and the underlying technological infrastructure that 

facilitate data collection.

The key in data collection is that the process itself should yield measures. Measurement should not be 

additional overhead or a burden on the people collecting measures (Ward, 1996). Thus, the existing 

information systems should provide the data for measurement where possible. Quality of the data can 

be assured by making the people that own the data to produce them (Singleton-Green, 1993). Even if 

the data from existing systems it no optimal for new measuring requirements, the added effort to 

capture the data must be carefully weighted against the trade-off of using surrogate data (Greene & 

Flentov, 1990). However, it is often a necessity to develop new information systems or database 

solutions to establish a robust information architecture that is capable of supporting the new 

measurement approach.

6.2.3 Distribution

To give performance measures visibility they should be part of standard management's reporting 

package and should be circulated with the monthly or quarterly financial results (Singleton-Green, 

1993). As a rule of thumb for periodicity of the different reports is that, most aggregate measures 

(business unit measures) are usually reported on a monthly or quarterly basis. Next level measures 

(core process measures) are reported on a monthly basis and group level measures are reported hourly, 

daily, and weekly basis (Greene & Flentov, 1990). Kaplan and Norton (1996) advice to make 

scorecard visible to all employees by distributing them in newsletters or through bulletin boards. This 

provides basis for feedback and accountability.

Distribution strategy specifies for example the purpose, scope, and format of distributed measures. 

Table 6-1 lists some of the decisions that should be made drawing up a distribution strategy for 

measurement.
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Classification

Time horizon

Purpose

Occurrence

Scope

Planning
Control
Operational
Long range
Short range
Historical
Firmwide
Divisionwide
Departmentwide
Upon request
Periodic
Even-triggered
One time

Organizational function Production
Sales
Finance

Conciseness

Report format
Inventory
Monitor
Printout
Narrated
Brief
Detailed 
Variance report

Table 6-1: Classification of reports (Bodnar & Hopwood, 1995, p. 403 - 409)

6.2.4 Use

Changing the personnel evaluation and compensation processes is one of the key tasks to make new 

measures effective. The organization must be committed to new practices which the measurement 

system requires. This is done most effectively by aligning rewards with new measures. On the senior 

management level scorecards for financial, market, internal, and learning perspectives are derived 

from corporate vision. On the middle management level new process measures are constructed that 

facilitate the improvement of competitive performance and balance the risk of project portfolio. These 

measures are derived from top management's objectives. Project managers' goals are constructed from 

new project level measures to reflect the characteristics of the project. On the project level personal 

job plans are derived from project level goals.

Also an important part of measurement process is to provide training to the new measurement system 

(Greene & Flentov, 1990). Measurement model is never ready. It must be able to adapt to changes in 

environment, new strategies, technological innovation etc. Continuous improvement and refinement of 

the measurement system a vital part of the measurement process. By institutionalizing an effective 

measurement process the measurement model will not become out dated once the initial measurement 

system implementation is done.
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7. Conclusions

The purpose of the study was to find the key factors that contribute to information systems 

development capability and identify relevant measures to predict that. This objective was approached 

by a literature study. The findings from literature were the basis for the theoretical model for systems 

development performance measurement, which was the secondary objective of the study.

One of the most important finding was, that there is no one particular framework that could be used 

for information systems performance measurement. The model that was introduced at the end of this 

study, is high level model that aims to explain the dynamics of measurement from different 

managerial perspectives. This model, however, is not detailed enough to be used as a real life 

measurement framework, but instead is a normative model, as it was intended. Chapters 3, 4 and 5 

discussed the best practices of project management, information systems development and managing 

the process of IS development. The topics covered and the findings from these chapters offer some 

guidelines when applying the measurement framework in reality. The study was organized to cover 

the managerial issues from different perspectives. These perspectives were:

• Development project perspective

• Development process perspective

• Process improvement and measurement process perspective

7.1 Measuring IS Development on project basis

An interesting finding from project manager's perspective was that there are still few metrics for IS 

projects, which are commonly agreed by the software industry. Furthermore, most of these metrics 

have their roots in engineering and project management methodologies and hence may not be 

appropriate for modem software development practices, such as evolutionary or rapid application 

development methods. The conclusion on project measurement selection was that different types of 

projects need different steering mechanisms and also different sets of measures. To simplify the 

selection of measures, a simple framework was presented, that provides guidelines for selecting 

measures for different types of projects. This framework is based on a project classification by Cash et 

al (1988). It categorizes project level measures into four groups:

• External integration measures, which measure and encourage user involvement and customer 

commitment.

• Internal integration measures, which track the success of team work

• Formal planning measures, which track the fitness and use of planning procedures.

Jali Berg, 1999
Pro Gradu: Performance Measurement Model for Information Systems Development



Conclusions 70

• Formai results control measures, which are "traditional measures", and facilitate disciplined project 

execution.

7.2 Measuring IS Development from Process Perspective

A company that operates in the IS project sector is exposed to variety of threats and competitive 

pressures. Successful projects do not necessarily indicate that a company is competitive. In order to 

evaluate competitive performance IS development must be observed from process perspective. Second 

part of the study described software process improvement paradigm.

Three major software process management and improvement frameworks were introduced and 

discussed from measurement perspective, then they were compared and evaluated from measurement 

model building point of view. The conclusion on current software process models was, that they offer 

a good way to qualitatively asses process capability, but offer less support for measurement process, 

which is an on going activity. All of the models that were discussed require some measurement 

practices. The CMM, for example, covers measurement in great depth (see Appendix B). However, as 

a stagewise model most of the requirements for process level measures belong to the fourth and fifth 

level of the model. Is has been documented that companies which have entered these two levels are 

still few in number (CMU, 1997). Thus, a comprehensive measurement model for IS company cannot 

be based on software maturity models such as CMM or SPICE. Nevertheless, they are well suited to 

be used concurrently with the measurement process.

ISO 9000, the CMM and SPICE models are all conformance models. A quest for process 

conformance, however, can also be a handicap. Chapter 5.4 introduced a competitive performance 

view (Nidumolu & Knotts, 1998), which is driven by customizability and reusability. The model 

suggests that competitive performance must be supported by ability to adapt to different types of 

projects, teams, requirements, technologies, as well as changes in market conditions and demand 

patterns. A goal, which is not easily corresponding with the rigid requirements of conformance models 

like the CMM.

7.3 Measurement Model for Information Systems Development

Chapter 2 covered the basics of process management and process improvement approaches. The 

landscape of performance measurement was also introduced and two generic measurement 

frameworks were presented. Chapter 6 presented a synthesis of previous chapters by illustrating a 

generic performance measurement framework for IS project business. Major contribution of this 

chapter was the identification of key building blocks of the model. These building blocks help us to

Jali Berg, 1999
Pro Gradu: Performance Measurement Model for Information Systems Development



Conclusions 71

understand how to establish and manage a measurement system. Measurement model was constructed 

as a hierarchical model were:

• Language of money is transformed to language of things as we move down in the hierarchy

• Company is divided into three layers of measurement scope: project, process, and unit

• Each layer has specific purpose and objectives, and the layers are dependent on one another.

Measurement process is a set of activities that continuously refines the measurement model to reflect 

the changes in the measurement priorities. Information architecture is the source of company's 

measurement assets.

Measurement model of this study is a meta model, a guideline for measurement systems construction. 

It has been shown in this study, that a comprehensive measurement framework has many objectives 

that are quite opposite. The development process should be capable, in other words it should produce 

outputs that are predictable and according to specifications and within approved performance level. At 

the same time the development process should be flexible and adaptive to changes in demand, market 

conditions, new technologies, etc. An interesting area for further study would be to examine how these 

different objectives are prioritized in different companies. Also, it would be valuable to demonstrate 

the benefits that arise from applying different sets of measures for different kinds of projects: Are 

those companies that have established a measurement selection process (similar to what was described 

in chapter 4.6) succeeding better than the ones that have standard set of measures for all projects, or 

those companies that use no measures at all?

Finally, I would like to conclude that many IS projects still struggle with exactly the same problems 

that Brooks described already in 1975 (Brooks, 1975). Some of the findings in this study could help to 

ease those problems.
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Appendix A: Summary of common project metrics and 
their acronyms.

Descriptions are according to PMI (1996).

ACWP Actual Cost of Work 
Performed

BCWP Budgeted Cost of Work 
Performed

BCWS Budgeted Cost of Work 
Scheduled

EAC Estimate At Completion

ETC Estimate to complete

ВАС Budget At Completion
CV Cost Variance
SPI Schedule Performance

Index
CPI Cost Performance Index
SV Schedule Variance
PC Percent Complete

Total costs incurred (direct and indirect) in 
accomplishing work during a given period.
The sum of the approved cost estimates (including any 
overhead allocation) for activities (or portions of 
activities) completed dming a given period (usually 
project-to-date).
The sum of the approved cost estimates (including any 
overhead allocation) for activities (or portions of 
activities) scheduled to be performed during a given 
period (usually project-to-date)
The expected total cost of an activity, a group of 
activities, or of the project when the defined scope of 
work has been completed. Most techniques for 
forecasting EAC include some adjustment of the original 
cost estimate based on project performance to date. Also 
shown as “estimated at completion.” Often shown as 
EAC = Actuals-to-date + ETC.
The expected additional cost needed to complete an 
activity, a group of activities, or the project. Most 
techniques for forecasting ETC include some adjustment 
to the original estimate based on project performance to 
date. Also called “estimated to complete.”
The estimated total cost of the project when done.
BCWP - ACWP
The ratio of work performed to work scheduled 
BCWP / BCWS 
BCWP/ACWP 
BCWP - BCWS
An estimate, expressed as a percent, or the amount of 
work which has been completed on an activity or group 
of activities.
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Appendix B: Measurement and Analysis Key Process Area 
of the CMM

Below is the summarization of measurements as described by Analysis and Measurement common 

feature for each KPA in CMM.

Repeatable
KPA
Requirements
management

Software project 
planning

Software project 
tracking and 
oversight

Software
subcontract
management

Software quality 
assurance

Software
configuration
management

Measurement purpose
Measurements are made and used to 
determine the status of the activities for 
managing the allocated requirements

Measurement are made and used to 
determine the status of the software 
planning activities

Measurement are made and used to 
determine the status of the tracking and 
oversight activities

Measurement are made and used to 
determine the status of the activities for 
managing the software subcontract

Measurement are made and used to 
determine the cost and schedule status 
of the SQA activities

Measurement are made and used to 
determine the status of the SCM 
activities

Examples of measurements to be taken
status of each of the allocated requirements 
change activity for the allocated requirements 
cumulative number of changes to the allocated 
requirement (including total number of changes proposed, 
open, approved, and incorporated into the system baseline 
completions of milestones for the software project planning 
activities compared to the plan
work completed, effort expended, and funds expended in 
the software project planning activities compared to the 
plan
effort and other resources expended in performing the 
tracking and oversight activities 
change activity for the software development plan, which 
includes changes to size estimates of the software work 
products, software cost estimates, critical computer 
resource estimates, and schedule.
Cost of activities for managing the subcontract compared 
to the plan
actual delivery dates for subcontracted products compared 
to the plan
actual date of prime contractor deliveries to the 
subcontractor compared to the plan 
completions of milestones or the SQA activities compared 
to the plan
Work completed, effort expended, and funds expended in 
the SQA activities compared to the plan 
numbers of product audits and activity reviews compared 
to the plan
number of change requests processed per unit time 
completions of milestones for the SCM activities compared 
to the plan
work completed, effort expended, and funds expended in 
the SCM activities
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Defined
KPA
Organization 
process focus

Organization 
process definition

Training program

Integrated software 
management

Software product 
engineering

Intergroup
coordination

Peer reviews

Measurement purpose Examples of measurements to be taken
Measurement are made and used to 
determine the status of the 
organization’s process development and 
improvement activities

Measurements are made used to 
determine the status of the 
organization's process definition 
activities
Measurement are made and used to 
determine the status of the training 
program activities

Measurement are made and used to 
determine the quality of the training 
program
Measurement are made and used to 
determine the effectiveness of the 
integrated software management 
activities

Measurement are made and used to 
determine the functionality and quality of 
the software products

Measurement are made and used to 
determine the status of the software 
product engineering activities

Measurement are made and used to 
determine the status of the intergroup 
coordination activities

work completed, effort expended, and funds expended in 
the organization’s activities for process assessment, 
development, and improvement compared to the plans for 
these activities
results of each software process assessment, compared to 
he results and recommendations of previous assessments 
status of the schedule milestones for process development 
and maintenance
costs for the process definition activities

actual attendance at each training course compared to the 
projected attendance
progress in providing training courses compared to the
organization’s and projects' training plans
number of training waivers approved over time
results of post training tests
reviews of the courses from the students
feedback from the software managers
effort expended over time to manage the software project,
compared to the plan
frequency, causes, and magnitude of replanning effort 
for each identified software risk, the realized adverse 
impact compared to the estimated loss 
the number and magnitude of unanticipated major adverse 
impacts to the software project, tracked over time 
numbers, types, and severity of defects identified in the 
software products tracked cumulatively and by stage 
allocated requirements summarized by category (e.g., 
security, system configuration, performance, and reliability) 
and tracked to the software requirements and system test 
cases
Status of each allocated requirement throughout the life of 
the project
problem reports by severity and length of time they are 
open
change activity for the allocated requirements 
effort to analyze proposed changes for each proposed 
change and cumulative total
number of changes incorporated into the software baseline 
by category (e.g., interface, security, system configuration, 
performance, and usability)
size and cost to implement and test incorporated changes, 
including initial estimated and actual size and cost 
actual effort and other resources expended by the software 
engineering group for support to other engineering groups 
actual effort and other resources expended by the other 
engineering groups in support of the software engineering

Measurement are made and used to 
determine the status of the peer review 
activities

group
actual completion of specific tasks and milestones by the 
software engineering group to support the activities of 
other engineering groups
actual completion of specific tasks and milestones by the 
other engineering groups to support the activities of the 
software engineering group
number of peer reviews performed compared to the plan 
overall effort expended on peer reviews compared to the 
plan
number of work products reviewed compared to the plan
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Managed
KPA
Quantitative
process
management

Software quality 
management

KPA
Defect prevention

Optimizing
KPA
Technology
change
management

Process change 
management

Measurement purpose
Measurement are made and used to 
determine the status of the activities for 
quantitative process management

Measurement are made and used to 
determine the status of the software 
quality management activities

Examples of measurements to be taken 
the cost over time for the quantitative process 
management activities, compared to the plan 
the accomplishment of schedule milestones for 
quantitative process management activities, compared to 
the approved plan (e.g., establishing the process 
measurements to be used on the project, determining how 
the process data will be collected, and collecting the 
process data).
the cost of poor quality (based on the known quality 
measurements to whatever degree of accuracy the can be 
collected)
the costs for achieving the quality goals

Measurement purpose
Measurement are made and used to 
determine the status of the defect 
prevention activities

Examples of measurements to be taken
the costs of defect prevention activities (e.g., holding
causal analysis meetings and implementing action items),
cumulatively
the time and costs for identifying the defects and correcting 
them, compared to the estimated costs of not correcting 
the defects
profiles measuring the number of action items proposed, 
open, and completed
the number of defects injected in each stage, cumulatively, 
and overreleases of similar products 
the number of defects

Measurement purpose 
Measurement are made and used to 
determine the status of the 
organization's activities for technology 
change management 
Measurement are made and used to 
determine the status of the software 
process improvement activities

Examples of measurements to be taken
the overall technology change activity, including number,
type, and size of changes
the effect of implementing the technology change,
compared to the goals
the number of software process improvements proposals 
submitted and implemented for each process area 
the number of software process improvement proposals 
submitted by each of the projects, groups, and 
departments
the number and types of awards and recognitions received 
by each of the projects, groups, and departments 
the response time for handling software process 
improvement proposals
the percentage of software process improvement 
proposals accepted per reporting period 
the overall change activity, including number, type, and 
size of changes
the effect of implementing each process improvement
compared to its defined goals
overall performance of the organization’s and project’s
processes, including effectiveness, quality, and productivity
compared to their defined goals
overall productivity and software quality trends of each
project
process measurements that relate to the indicators of the 
customer’s satisfaction
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