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1.0 LEARNING OBJECTIVES
After going through this unit, you will be able to:

• describe what project management is

• explain feasibility and technical analysis 

' • explain market and demand analysis

• formulate detailed project reports

1.1 INTRODUCTION
Project Management is a specialized functional discipline that has carved 
out its own place in Management practice, education and literature. 
We shall briefly address ourselves to two questions in order to arrive
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Project Management at a first hand understanding of what is Project Management. These two 
questions are; (a) What is Management? and (b) What is a Project?

1.2 PROJECT MANAGEMENT: AN OVERVIEWNOTES

Management is an age old function. It is as old as the history of human 
civilization. Whenever more than one individual join together to form a 
group and strive to achieve some common purpose or objective, there 
arises a necessity to co-ordinate the efforts of individual members of the 
group so that the individual contributions add up to the largest total 
contribution possible. Symbolically, it is very similar to pulling a very 
big weight by a number of persons, the sum total of the force or pull that 
is exerted on the weight is a function of the individual forces as well as 
the directions in which each individual force is applied, relative to all 
other forces. If all the forces are applied in the same direction, the total 
force simply adds up. However, as soon as there is a slight deviation in 
the direction between the two individual forces, the resultant force is 
less than the sum of the two forces. The more diverse the directions of 
these forces are, the more are the loses. In an extreme situation, if the 
forces are applied in opposite directions, the resultant force is the difference 
of the two forces.
In large organizations where hundreds or thousands of individuals are 
employed, co-ordinating the efforts of various individuals towards the 
fulfillment of the organisation’s goal its, in a sense, the function of the 
management. Even the animal world displays co-ordinated efforts like 
the ants, honey-bees, etc. Therefore, management as a function, has existed, 
all along and has flourished in several human organizations, like the 
army, the church, the missionary institutions, the government of a country 
and so on. However, management, as a special discipline of study, has 
come into the fore with the advent of the industrial revolution.
Let’s now turn to projects. The word “Project” conjures up a picture of 
something special, something which is different from routine and regular 
activities. For example, writing this chapter of this book is a project for 
your author. He has dealt with this subject over a number of years, but 
still then, writing this chapter is a special task’ which he has undertaken. 
Other examples of a project could be: building a house, organizing a 
seminar, designing a new product in the market, shifting to a new location 
etc.

1.3 NEED FOR PROJECT MANAGEMENT
However, it will be wrong to conceptualise project management as simply
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bundle of techniques captured by PERT/CPM and similar other tools, 
■ianagement as a discipline received wide scale attention throughout 
le industrialised world and so did the affairs of managing large projects. 

■Then the developing countries joined the race for industrialisation, 
ley essentially had to manage large investments. Projects of increasingly 
Dmplex sizes were and are being executed in these countries. In India, 
-e have seen investments of the order of rupees one hundred thousand 
■rores being made in the public sector alone over a period of four 
ecades. Project Management, therefore, assumes an added significance 
5r a developing country like ours. It’s importance can be judged from 
ihe fact that we have a separate professional institute of project management 
ti the country and the Government of India felt it necessary to set ,up 
-separate Ministry of Programme Implementation to ensure successful 

■nanagement of all government projects. Write in your own words, 
answers to these questions:

1. What is project management?

2. Why is it important to study project management?

3. Give an example of a project in each one of the following sectors:
• Manufacturing 

- • Banking
• Marketing
• R&D
• Health
• Science
• Nation

NOTES

/

1.4 FEASIBILITY AND TECHNICAL ANALYSIS: 

NATURE OF PROJECT DECISION
Project decisions are usually complex and long-term investment decisions 
involving commitment of not only financial but also other valuable 
resources, including personnel, facilities and time. These aim at the 
creation or improvement of new products or fixed assets (like land, 
buildings, hospital, factories, roads, power stations etc.) to meet certain 
needs and objectives of the investor. All such decisions, whether in 
public or private sector, necessarily entail some risk due to their future 
orientation. The risk may arise from miscalculate resources, from cost
and time- overruns, setting up of non-viable units, or building up excessive 
capacities, for example. Magnitude of this risk can be reduced considerably 
by following a rational procedure in which -

Self-lm^tructional Material 3



1. a sufficiently large number of good-quality alternatives, whethe 
mutually exclusive or otherwise, is generated for consideration

2. reliable and adequate information is gathered about each altemativ 
including its sub-options, and

3. the sub-options and the alternatives are (in that order) Subjecte« 
to systematic and objective evaluation in relation to technical 
economic, financial, and other pertinent parameters for selectioi 
of the best course of action.

Most industrial and commercial projects require large outlays and ar« 
highly involved on account of geographical, technological, economic 
environmental, legal and other factors including trans-national dealings 
Once resources are committed to them, it is rather difficult to retrac 
without suffering large losses. It is, therefore, important that projeci 
decisions are taken after much careful consideration, so that the scarc^^ 
resources are utilised in the most effective and economic manner.
On the other hand, rigorously following the steps outlined above may 
prove too time-consuming the costly. For example, while considering the 
setting up a new steel plant, several man-months and lakhs of rupees 
may have to be spent to analyses the viability of all alternate processes/ 
technologies and to evaluate the costs and benefits associated with each. 
And after going through this elaborate exercise the results may leave 
one with no alternative but to abandon the proposal! It is, therefore, 
desirable to proceed in this matter in a systematic, but are minimised, 
if not avoided altogether. Such an approach not only yields better project 
decisions but also assists greatly in project implementation.

Project Management

NOTES

1.5 PRE-FEASIBILITY & FEASIBILITY STUDIES
After the identification stage, the project ideas are subjected to a process 
of preliminary filtration through pre feasibility study. This involves the 
study of the project idea at a more elaborate level than that carried 
out at the opportunity study state. This is an intermediate stage between 
an opportunity study and a full-fledged feasibility study primarily designed 
to probe relatively doubtful project ideas. This stage is recommended to 
be followed when project formulation, or a detailed techno-economic' 
feasibility study, which would enable the investor to arrive at definite 
decision about the project is both costly and time consuming. However, 
but for the difference of depth of analysis and the level of detail in the 
study, the pre-feasibility study is on the pattern of the main techno 
economic feasibility study. Of course, if the preliminary projections thrown 
up at the stage of opportunity study are themselves quite encouraging or 
decisive, pre-feasibility study stage may be ignored and one may straightaway
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take up the feasibility study itself; A pre-feasibility study should not 
normally take more than three months to complete, and on the basis 
of its results the investor should be able to decide:

1. whether the project can be straightaway accepted or rejected,

2. the project requires a detailed analysis (i.e. a feasibility study),
NOTES

or

3. some aspects of the project need to be subjected to special 
investigations or studies such as market research, physical or 
mathematical modelling (e.g., for a complex nuclear plant), site 
surveys, laboratory tests, etc.

The basic aspects which need to be considered at the stage of pre
feasibility study are quite similar to these dealt with earlier. For example, 
the first step would focus at the existing gap between the demand, for 
and supply of the product (or service). This has to be refined further 
in terms of the future scenarios that are likely to emerge during the 
life of the project and estimates of sales’ made at different levels of 
market penetration. Next, the investor has to look at the availability 
and costs of essential factors of production like land, labour, materials, 
technology, plant and machinery etc., which would determine successful 
execution and operation of the project. Finally, operational costs like 
overhead, wages, expenses and revenues have to be estimated at different 
levels of plant utilization.

Outline of a Pre-feasibility Study
Executive Summary: Gives the title, brief description and 
objectives of the proposal, and a summary of all the essential 
findings and recommendations of the study in about two pages.

P*roject backgrovmd and history: Identifies the project’s sponsorCs) 
and gives a chronological account of the project and various 
studies, surveys or investigations carried out, along with their 
results.

Analysis of demanded supply:

• Demand capacities and market: Outlines profiles of customers 
and their needs, estimates of present and future trends of 
gross demand, production capacities,set up and their utilization 
levels, and imports/exports. Describes the characteristics, 
potential and role of the industry in national and regional 
economy, and government’s policy towards it.

• Sales forecast and marketing: Covers the qualitative and 
quantitative aspects of competition to the project, distributional

1.

2.

3.
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Project iManagcment requirements of the product/ service. Proposes viable sales 
organisation and sales programme, giving estimates of annual 
revenues and costs of marketing and sales (in local/foreign 
currencies).

• Production progro.mme: Proposes production levels of products 
and by-products. Estimates consequential wastes and emissions 
(solid/liquid/gas), and annual expenditure on their disposal or 
treatment.

• Plant cupacity: Determines feasible normal plant capacity {i.e., 
the production level achievable under normal working conditions 
duly taking into consideration the feasible equipped capacity; 
holidays; stoppages for’ shift-change, tooling, preventive 
maintenance and repairs, and other reasons; and nature of the 
production process—continuous, batch or job) and specifics 
quantitative relationship(s) between sales, plant capacity, and 
major inputs.

4. Analysis of inputs: Gives approximate requirements of raw, semi- 
processed/ processed materials, utilities auxiliary materials, tools 
and spares, etc. along with availability, sources or supply and 
estimates of annual costs (local/foreign).

5. Location and site: Recommends geographical location and sitting 
of the plant/facilities and specifies essential related activities and 
cost-estimates.

6. Engineering & technology; Describes in suitable detail,

• the exact scope of the project,

• technology(ies) and processes that can be applied to the project 
considering the proposed capacity, location, and nature of inputs, 
and estimates of costs (local/foreign) of the inputs.

• rough layout of the basic plant and equipments (covering 
production/auxiliary/service equipments) and related costs (local/ 
foreign), and

• civil engineering works (covering site preparation and development, 
buildings and structures, special civil works, and outdoor works) 
together with rough cost estimates (local/foreign).

7. Organisation: This gives,

• an outline of one recommended organisation structure for 
production, sales, and administration; and

• estimates of overhead costs (covering factory, administration 
and financial arrangements).

NOTES
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8. Manpower: Provides estimates of manpower requirements in 
different categories of levels and skills, along with estimates of 
annual direct and indirect costs of manpower, for different years 
of operation.

9. Execution schedule and methodology: Gives a rough time-schedule 
for implementing the project, and estimates of costs to be covered 
during the implementation phase. Broadly outlines the approach 
recommended to be followed for implementation, e.g., turnkey 
contracting, in-house construction, item-rate contracting, etc.

10. Financial and economic evaluation: This covers -

• estimates of total costs of investment and their cash-flow 
pattern,

• proposed capital structure, modes of financing, and annual 
financial'costs (interest, lease-charges, etc.)

• estimates of total fixed and variable costs of production

• financial evaluation of the project, in terms of -

• • pay-back period

• break-even point

- • return on investment

• internal rate or return

NOTES

/

1.6 TECHNICAL ANALYSIS
In this Section we will examine how the technical aspects of a typical 
project idea can be scrutinized in detail to evaluate its technical feasibility, 
as distinct from commercial, financial, economic and managerial feasibility. 
For the sake of comprehensiveness we will cover Environmental Impact 
Analysis (EIA) also, as a part of this analysis. While the various aspects 
to be examined will obviously vary from project to project, the following 
summary covers the more common ones briefly.

1. Objectives: First, the project proposal must fall within the ambit 
of the stated mission of the sponsor(s). Next the proposal must 
be able to further the objectives and priorities of the sponsor(s). 
These must therefore be ascertained and clearly recorded, along 
with detailed specifications for the output (product/service). Together, 
these constitute the basic frame of reference for all future decisions.

2. Location and site: Initially, as many locations as possible should 
be identified which meet the most fundamental operational
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Project Management requirements of the proposed project. These should then, be evaluatec 
and an optimum location selected using the criteria of material 
versus market orientation (see note below), quality standards, 
infrastructural status, local laws, and socio-economic and living 
conditions. Within the geographical location so selected, alternative 
sites are similarly identified and the most optimal one selected' 
after considorijig factors like terrain, local climate land its impact 
on plant and equipment and their operation), availability and cost 
of land (plus its development), local infrastructural facilities and 
their costs (power; water; road/ air/water transport; telecommunications; 
etc.), socio-economic conditions, availability and quality of labour 
and construction equipment, valid waste disposal alternatives and 
their costs, local living conditions, public policies, local law, and 
taxes, etc. [Note: Hesource-oi'iented projects like mining of minerals 
involve items like geological analysis covering geological structure, 
hydrological conditions, characteristics of the resource, resource 
reserves, prospecting status, and expected geological problems.

3. Plant Size: Determination of an optimum plant size is critical to 
the success of a project. A plant represents sunk costs and any 
under utilisation of its capacity means either I’educed profits or, 
for levels below the Break-Even-Point, losses. The adverse impact 
of an extra-large capacity is felt all the more keenly during the 
early years when profits are all the more important for survival. 
It is therefore normally better to err on the lower side and to 
build a plant having a capacity that is likely to be fully utilized 
quickly, rather than to go in for a large capacity in the fond hope 
of a growing share of the market.

4. Technology: The same product or service can generally be obtained 
using quite different technologies. Electricity, for example, can be 
generated using solar panels, coal (thermal plants), hydraulic power 
plants, nuclear power plants and so on. Basic telephone services 
can similarly be provided using manual, semiautomatic, or automatic 
exchanges. And, even the last-named category is available if] various 
technological versions like Stronger, Crossbar, Analogue electronic 
and Digital electronic. Needless to say, the latest technologies 
usually represent many improvements over the existing or older 
ones. They may also offer certain unique features. However, newly 
emerging technologies may have some inherent dangers as well,

5. Design, Layout and Plant and Machinery: The feasibility study 
should broadly specify the I'ecommended design of the processes 
and plant (giving essential assumptions and design calculations). 
It should also present a rough layout of various facilities and list

NOTES
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out all the major equipments needed, with key specifications 
and available source(s) of supply. Moreover, it should consider, 
and evaluate, alternative equipments as well and give reasoned 
recommendations about them.

6. Construction Process: This needs to be tackled in the .feasibility 
study in terms of its five aspects, First, the methodology to be 
followed—viz., capital intensive or otherwise and its feasibility 
under prevailing conditions. Second, whether the construction 
or installation is to be done in-house, or on a turnkey basis, or 
by farming out a number of contracts for different work packages, 
and their feasibility. A recommendation may also be made whether 
any special agency(ies) should be engaged as a part of backup or 
contingency arrangements for critical activitydes). Third, the 
determination of such construction equipments, materials and 
other essential inputs (like cement, sand, steel, stores etc.) as 
are to be arranged by the owner, along with their alternatives, 
availability, source of supply (local/foreign), lead-times, and infra
structural requirements (like uninterrupted supply of power, 
clean water, gas, steam, etc). Fourthly, the recommended sequence 
and time schedule of different activities in the form of a bar- 
chart/PERT network. Lastly, assessment of the financial implications 
of this phase based on the latest available unit costs and with 
provision for inflation and contingencies.

7. Inputs: These relate to the operation phase of the project, but 
need to be identified at this stage of the feasibility study to 
examine the technical feasibility of the proposed system(s). For 
this, classification of the inputs into following categories will be 
found useful.

NOTES

• raw materials

• processed materials,

• components and sub-assemblies,

• spares and wear and tear parts,

• water and steam,

• gas, fuels and electricity.

8. Infrastructural Facilities: Availability and characteristics of 
roads, bridges, railway facilities (like station, yards), air 
transportation, waterways, ports, etc. depending upon their relevance 
to the assessed requirements of the project at both implementation 
and operation stages need to be studied. After studying the 
appropriateness of the infrastructure existing around the project

Self-Instructional Material 9



Project Management location, the infrastructural requirements at the project site itself. 
A large part of the land area is normally required to be reserved 
for service roads, storm water mains, railways, over-ground or 
overhead gas, steam, and air pipelines, water reservoirs, and even 
harbors for certain large-scale industrial projects.

9. Manpower: The availability in needed numbers, of manpower of 
requisite skills where and when required, has to be studied. This 
covers both the project implementation and the operation (and 
maintenance) phases. In case imparting of training is also involved, 
timely availability, and costs, of the training facilities have also to 
be assessed.

NOTES

10. Environment Impact Assessment (EIA); This study -

• identifies the environment in which a project is to be implemented,

• assesses the short — and long-term impacts the former is likely 
to be subjected to as result of the project activities during 
construction as well as operation phases, and

• generates preferred alternative courses of action, if possible.

1.7 MARKET AND DEMAND ANALYSIS

Demand forecasting can be at the level of a firm or an industry or at the 
national or national or international level:

• Firm Level: If the exercise aims at forecasting demand of firms 
products locally at state, region or national level, it is a micro-

. level of demand forecasting. Sometimes, forecasts are required 
for company s products in specific industry or market segment.

• Industry Level: Such a demand forecasting exercise focuses on 
an industry as a whole for the region and/or national level, These 
forecasts may be undertaken by a group of companies or by industry/ 
trade associations.

• National Level: Demand forecasts at national level include parameters 
like national income, expenditure, index of industrial and/or 
agricultural production etc. Estimating abrogate demand of products 
at national level facilitates governmental decisions for imports, 
exports, pricing policy etc.

• International Level: Companies operating in multinational markets 
would require similar forecasting of demands for its products, 
trends in consumption etc at international level.

JO Self-Instructional Material
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An Overview1.8 ECONOMIC ASPECTS

The DPR (Detailed project report described in next section) section 
devoted to general guidelines and conditions that should govern all 
types of contractual relationships likely to be entered into, during the 
project. In particular, general guidelines for any eventual arbitration 
procedures are indicated, specifying the nature of issues that may be 
referred for arbitration, choice of the arbitrator by both the parties, 
and the place where such proceedings should be held. You might recall 
the Enron case, wherein it was a part of the contract that arbitration 
proceedings could be held in London, and arbitrators must be chosen 
from a third country, meaning that they cannot be citizens of either 
India or the US.

A number of general conditions covering the supply, (supervision of), 
erection, commissioning and guarantee tests of various equipment for 
the project need are drawn up. These terms and conditions must get 
inputs from technical as well as commercial departments. The DPR 
provides certain gn^idelines in these respects. An important issue may 
be the general procedure to be followed in the tendering process; like 
single stage or two stage tendering. It may contain a model invitation 
to a tender (ITT) document that specifies the inclusion of the following 

.items, in all bids for the supply of major plant and equipment;

1. Recommended manpower requirement for operating and maintaining 
the equipment

2. Operations and maintenance manuals

3. Specific confirmation regarding adherence to all specifications 
laid down by the purchaser

4. indicative load data and schedule of providing firm load data

5. Schedules for supply/delivery, erections and commissioning; and 
a periodic progress reporting system

6. Operators skills requirement

7. Training facilities offered by supplier

8. Experience of previous supplies

Generally the invitation to tended documents are prepared separately 
for the following categories of contracts; '

1. Supply of plant and equipment

2. Supply, supervision of erection, commissioning and guarantee 
tests

3. Supply, erection, commissioning and guarantee tests

NOTES

1
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Project Management 4. Erection and commissioning of equipment

5. Civil and structural work at site •

For all major vendors the terms cover supply only whereas for most of 
the major plant and equipment the terms cover supply, supervision of 
erection, commissioning and guarantee tests. For specialized equipment 
which can only be erected by the supplier themselves, the terms include ^ 
supply, erection, commissioning and guarantee tests. Some of the important 
issues that may be touched upon are listed below:

• Commitment w.r.t. delivery period and penalty conditions, in case 
of a failure to fulfil the commitment

• General terms of payment, including progress payment

• Inspection and testing procedures, and customer hold points

• Network plan for the contract, and monitoring and control system

• Guarantee test: schedule, procedure, criteria for success, and 
accompanying Bank Guarantee

• Responsibility for damage in transit, or during erection and/or 
commissioning

• Conditions for admissibility of any increase in the price of the 
contract

NOTES

A

• Contract variations and the manner of handling them

• Mobilisation advance (if any) to be paid initially

• Responsibility to supply the “first fill”, and spare parts for the 
first few years of operation

The guidelines w.r.t. the commercial aspects contained in a DPR can 
save a lot of problems from dragging on and adversely affecting the 
execution of the project.

1.9 FINANCIAL ASPECTS
The DPR incorporates a much detailed projection of the costs and revenues 
expected during the projected lifespan of the operation phase. The principal 
input to this comes from operations Cost. However, all financing costs, 
like depreciation, interest on long term loans and short term working 
capital loans, writing off of pre-operative and preliminary expenses, guarantee 
commission etc. are included in the calculations, Income Tax calculations 
are also included. The DPR provides projections for:

1. The Profit and Loss statement

2. The Balance Sheet
12 Seif-lnstructioiiai Materiof
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3. The Fund Flow statement for about ten years of operations. 

For the Project phase, the DPR provides an estimate of the phased 
requirement of Capital. This plan forms the basis of a strategic plan 
for raising the funds from external sources, like term lending institutions 
and through public issue of stocks and/or bonds. The DPR would include 
a recommended schedule for ensuring adequate flow of funds for the 
timely completion of the project, with adequate provision for normal 
contingencies. The DPR would also include for the project phase a 
recommended system for the monitoring and control of the financial 
progress of the project, vis-a-vis the physical progress. This system is, 
an essential ingredient for adequate financial control, during the execution 
and the termination phase of the project.

NOTES

1.10 DETAILED PROJECT REPORT (DPR)
You must be convinced that a very wide variety of expertise are required 
for the preparation of a DPR. A number of decisions are mutually 
related. For example, requirement and training plan is dependent on 
the nature of the technology, availability in the general emplo3Tnent 
market in the region need for foreign collaboration and training, extent 
of specialised, plant and equipment supplied for abroad, etc. Financing 
requirements are dependent on the time schedule for the implementation 
of the project. The nature of issues to be included in the commercial 
terms and conditions depend on the extent of the spread of the contractors. 
If only local and regional parties are in picture, the scope and jurisdiction 
for disputes get restricted. A number of issues depend largely upon 
managerial perceptions and top management policies.

On the whole, preparation of a DPR is a complex task. Therefore, 
highly specialised agencies have come up in different areas, who undertake 
such tasks for clients. They are usually known as technical consultancy 
organisations. They specialise in some particular field. For example, 
Dasturco specialises in metallurgical industries. Engineers India Ltd 
specialises in the oil sector. Even for a medium sized project, it is 
necessary that a capable consulting firm is entrusted with the task of 
formulating the DPR. The process usually take the following shape:

• The client enters into a contractual relationship with a consultant

• The consultant receives all inputs from the client, carries out 
necessary studies, and submits a first draft to the client

• The client evaluates the draft, makes extensive ‘comments, 
suggestions and requests for modifications/further studies by 
the consultant

■ t
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Project- Management • The consultant submits the revised draft for approval

• The consultant subunits the final DPR.

NOTES SUMMARY

Project Management is a .specialized functional discipline that has 
carved out its own place in Management practice, education and 
literature.

• Project decisions are usually complex and long-term investment 
decisions involving commitment of not only financial but also other, 
valuable resources, including personnel, facilities and time. These 
aim at the creation or improvement of new products or fixed assets 
(like land, buildings, hospital, factories, roads, power stations etc.) 
to meet certain needs and objectives of the investor.

• After the identification stage, the project ideas are subjected to a 
process of preliminary filtration through pre feasibility study. This 
involves the study of the project idea at a more elaborate level
than that carried out at the opportunity' study state.

' i
• In this Section we will examine how the technical aspects of. a 

typical project idea can be scrutinized in detail to evaluate its 
technical feasibility, as distinct from commercial, financial, economic 
and managerial feasibility.

• -The DPR incorporates a much detailed projection of the costs and 
revenues expected during the projected lifespan of the operation 
phase. The principal input to this comes from operations Cost.

/

REVIEW QUESTIONS

1. Distinguish between project and production management, giving 
examples.

What are the phases of a project development cycle? Give the 
salient tasks under each phase!

What are the outlines of opportunity studies in project management? 
How do there impact upon project feasibility studies?

“Decisions made during the design phase have major impact on 
the entire life cycle of a project”. Justify with reasoning.

' ' I

“Projects should be formulated primarily to meet the needs and 
wants of customers”; Highlight the importance of market analysis 
in project 'management.

2.

3.

4.

5.
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“Choice of winning technology has become extreihely-important ’ Project Management— 
in the emerging scenario of global competition”. Explain with 
examples of good and had devices of technologies.

Bring out the importance of site selection for a new project. Is 
it an economic or personal issue?

“Doubled Project Report (DPR) forms the foundation on which 
the entire superstructure of the project is built—if it is weak, 
project cannot weather the turbulent times ahead.” Bring out 
the do’s and don’ts of a good DPR.

6.

7.
NOTES

8.

FURTHER READINGS

1. Project Management: Abdul Matheen, University Science Press, 
Delhi.

2. A Manual on Project Management: G.L. Tiku, Atlantic.

3. Essential of Project Management: Kamaraju Ramakrishna, PHI
Learning. '

4. Introduction to Project Management: M.K. Vashishta, Centrum 
Press.

■\
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Project Planning 
and Scheduling2.0 LEARNING OBJECTIVES

After going-through'this unit, you will able to:

• define what is network analysis?

• describe about material and equipment require for project planning 
and Scheduling

• explain human resource

• describe project costing and financing

• explain project organization.

NOTES

2.1 PLANING TIME SCALE NETWORK ANALYSIS: 

^.OGIC DIAGRAMS AND NETWORKS

The simplest kind of network, called a logic diagram, shows the major 

elements of a group of tasks and their logical relationship. It clearly 

exposes those tasks that must be completed before others can be started; 
this is called the “precedence.”

Put on 
shirt 
(150)

Put on
tie*

(180)

Put on 
underwear 

(40)

Put on 
shoes 
(100)

Put on 
Jacket

Get Put on 
pants

Take
shower
(600)

V\teke undressedup (10)(60) (60)

Put on 
socks 
(45)

*

Dry, brush 
hair (350)♦

( ) = Duration in Seconds

Fig. 2.1. Logic diagram for getting up in the morning and getting dressed.

Figure 2.1 is a logic diagram for “getting up in the morning and getting 
dressed” (for a male). The boxes represent tasks (or activities) and the 
arrows connecting them show the order in which they should occur 
(e.g., put on shirt before tie, put on pants and socks before shoes, etc.).
The two common methods for constructing network diagrams are called 
activityon node (AON) and activity-on-arrow (AOA). Both were developed 
independently during the late 1950s—AON as part of the CPM planning 
method, and AOAin the PERT method. Most of our discussion will 
center on the AOAmethod, but we will start with the AON method ' 
because it is slightly simpler .to explain.
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Project Management Activity-on'Node Diagrams
Network diagrams describe a project in terms of sequences of activiti' 
and events. An activity is a work task; it is something to be done. It ca 
be a unit of work at any level of the WBS—a work package, a cluster < 
work packages, or an individual job smaller than a work package, dependir 
on the desired detail. An activity is something that requires time an 
utilizes resources. In contrast an event represents an instant in time. ’ 
is an “announcement” that something has or will happen. Typically 
signifies the start or finish of an activity. A significant event is a mifesfont
Figure 2.1 shows how an activity is represented using the AON methoc 
The node {the circle) represents an activity and its associated events; i 
this case the activity is take shower” and the events are the times whe, 
the shower is started and finished. Figure 2.1 is an AON-type diagrar 
for a group of activities. To construct an AON project network such a 
this, start by drawing the first activity in the project (e.g., “wake np”) a 
the beginning node. From this node, draw lines to the activities tha 
happen next. As shown in Figure 2.1, activities are added one afte 
another, in sequence or parallel, until the last activity is included.

NOTES

TaKeStart time = 60 Finish time = 660
shower
(800)

♦

Fig. 2.2. AON representation for an activity and its start and finish events.

Before activities can be included in a network, their relationships tc 
each other must be known; in general, this involves knowing for each 
activity;

• What activities are its predecessors?

• What activities are its successors?

• What activities can be done at the same time as it?

Every activity, except the first one, has predecessors, which are activities 
that must be completed ahead of it. In Figure 2.1, for example, “put on 
shirt” is a predecessor for “put on tie.” Similarly, every activity except 
the last has successors, activities that cannot begin until the current 
activity is completed. “Put on tie” is a successor of “put on shirt,” which 
is a successor of “put on underwear,” and so on.

However, to construct a network it is really only necessary to identify 

each activity’s immediate predecessors—those activities that immediately 

precede it. Fbr example, although “wake up” and “get undressed” are
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both predecessors for “take shower,” only “get undressed” is the immediate 

predecessor and need be identified. Given the information in, for example, 
Table 2.1 it is easy to construct the network in Figure 2.1, by starting 

with the first activity (the one with no immediate predecessors), then 

linking activities one by one to their respective immediate predecessors.
NOTES

Once you have constructed the network you can easily see which activities 

are sequential and which are parallel. Two activities that have a predecessor- 

successor relationship are sequential activities—one follows the other. 
For example, “take shower,” “put on underwear,” and “put on shirt”
are sequential activities because they occur in that order, one after 

another. TVo or more independent activities that can be performed at 
the same time are parallel activities. For instance, “put on shirt,^ “put 

dry, brush hair,” and “put on socks” are parallel because» tion pants,
they can be done in any order or (though difficult in this case) all. at
the same time.

The immediate predecessors for a task should be determined during 

the WBS analysis. Relationships are then checked for completeness 

and logical consistency when the project network is constructed. 
Table 2.1. Activities and Immediate Predecessors.

Duration
(Seconds)

Immediate
PredecessorsActivity

60Get undressed

Get undressed 600Take shower

40Put on underwear Take shower

Take shower 350Dry, brush hair

150Put on underwearPut on shirt

Put on underwear 60Put on pants

Put on underwear 45Put on socks

180Put on shirt 

Put on pants 

Put on socks

Put on tie

100 ■Put on shoes

15Put on tiePut on jacket IPut on shoes

-Dry, brush hair
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Project Management Table 2.2. Activities and Immediate Predecessors.

Immediate PredecessorActivity

A
NOTES -AB

C A

D B.C

E B,C

A second example is given in Table 2.2. The network diagram for this 
project begins at Activity A. Because activities B and C both have A as 
their common immediate predecessor, both are connected directly to A. 
Then, because D has two immediate predecessors, B and C, it is connected 
to both of them; similarly, so is Activity E. The result is shown in Figure 
2.3. Each node is labeled to identify the activity and its duration time. 
Nodes labeled “start” and “finish” are included so there is always a 
single place for the beginning and ending of the project. In Figure 2.3, 
for example, it would otherwise be difficult to determine if the project 
was completed with Activity D or Activity E. The “finish” node indicates 
that both D and E must be completed to finish the project.
As another example, Table 2.3 shows the predecessor relationships for 
the LOGON project using work packages from the WBS. Figure 2.4 is 
the corresponding network.

Activity-on-Arrow Diagrams
The other common method for diagramming networks is the activity-on- 
arrow, or AOA technique (for reasons to be evident, it is also sometimes 
called the activity on line or AOLmethod). The major feature that distinguishes 
it from AON is the way activities and events are denoted. Figure 2.5 
shows the AOA representation for one activity and its events.
Notice that in the AOAmethod, the activity is represented as a directed 
line segment (called an arrow or arc) between two nodes (or circles). As 
shown in Figure 2.5, the nodes represent the start and finish events for 
the activity in between them. (The numbers inside the nodes have no 
significance here. In general, however, they are used to identify each 
event. The numbers do not need to be in any particular sequence, but 
every event must have a unique number.) The direction of the arrow 
indicates the flow of time in performing the activity. Sometimes the 
arrowhead is not included, in which case the flow of time is interpreted 
as moving from left to right. The length of the line has no significance 
(unlike in Gantt charts where it is proportional to the time required).
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The number over the line is the activity duration. An activity can be 
defined in two ways, either by name or by the nodes at the ends. For 
example, the activity in Figure 2.5 can be referred to as either “Activity 
Y: Final installation” or as “Activity 14-15”.

NOTES

Finli^

Fig. 2.3. AON diagram corresponding to project in Table 2.2.

Table 2.3. Activities and Immediate Predecessors for 
LOGON Project.

Activity Description Immediate
Predecessors

Duration
(Weeks)

H Basic Design 

Hardware design for A 

. Hardware design for B 

Drawings for B 

Software specifications 

Parts purchase for B 

Parts purchase for A 

Drawing for A 

Installation drawings 

Software purchases 

Delivery of parts for A 

Delivery of parts for B 

Software delivery

10

I H 8

J H 6

K J 4

L J 2

M J 4

N I 4

O I 5

P I,J 5

Q L 5

R M 5

S N 3

T Q 3

U Assembly,.of A 

Assembly of B 

Test A

0,S 1

V K,R 5

W U 2

X Test B V 3

Y Final installation P.W.X 8

Z Final system test Y,T 6
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NOTES

Fig. 2.4. Network diagram for LOGON project.

As in the AON method, a network for a project is developed by drawing 
arrows and circles in the sequence that the activities must occur. An 
AOA network is constructed by first drawing a node to represent the 
origin event; this represents the start of the first activity in the project. 
An arrow is drawn from this event to another node to represent the 
finish of the first activity. Activities to be performed next are then added 
in sequence or in parallel from the last node. The final or terminal node 
in the network represents the project completion. Every network should 
have only one origin event and one terminal event. All arrows must 
progress toward the right-end of the network and there can be no doubling 
back or loops.
As with the AON method, the activities must follow the order of precedence 
as defined by their immediate predecessors. As an example, consider 
the project in Table 2.4. The diagram for the project, partly shown in 
Figure 2.6, begins with an arrow and two nodes for Activity A. Because 
activities B and C both have Activity A as their common immediate 
predecessor, they are both connected to the finish event of A, as shown 
in Figure 2.6.

“Finish"
event

"Start"
event

8 weeks 014
Activity Y; 

Final installation

Fig. 2.6. AOA representation for an activity and its start and finish events.

Event 2 represents the finish of-A and, concurrently, the start of B and 
C. When an activity has more than one immediate predecessor, the network 
must show that it cannot be started until all of its immediate predecessors 
have been completed. This is the purpose of a special kind of activity 
called a dummy.
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A dummy activity is used to illustrate precedence relationships in 
AOA networks. It serves only as a “connector,” however, and represents 
neither work nor time. Figure 2.7 indicates a way of diagramming the 
project in Table 2.4 using dummy activities as represented by the dashed 
lines. It shows that both B and C must precede D, and that both D and 
E must precede F. Notice that the purpose of the dummy activities is 
to “connect” activities D and F to their respective immediate predecessors.

To help understand why dummies are necessary, just look at activities 
B and C: Why couldn’t they both be connected directly to D without 
dummies? The answer is because of the rule followed by the AOA 
method that says that an arrow connecting any two events can represent 
at most one activity—which means that if two or more activities are 
performed in parallel, they must be presented by separate arrows. 
Thus, activities B and C must each be represented by an individual 
arrow in Figure 2.7 (as must activities D and E). Given that any two 
parallel activities must be represented by two separate arrows, it follows 
that the only way a common successor can be connected to both of 
them is to use something similar to a dummy activity.

Table 2.4. Activities and Immediate Predecessors.

NOTES

/

Immediate Predecessors Duration (Days)Activity

6A

9AB

8C A

A, C 4D

B 6E

D, E 6F

Fig. 2.6. Two activities with a common immediate predecessor.

Another question, then, is why can’t we represent two parallel activities 
as two arrows between two nodes, creating something similar to 
Figure 2,6? The answer is that the use of several arrows between the
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Project Management same two nodes is confusing and leads to possibly incorrect conclusions. 
For example, the network in Figure 2.7 is confusing because it leaves 
out information. It shows Event 3 as representing two things: the 
ending of Activities B and C as well as the start of D and E. Unless 
B and C had exactly the same duration, they would be completed at 
two different times; because node 3 represents one event which—by 
definition—is one instant in time, the implication is that B and C are 
finished at the same time, which is not true.

NOTES

Fig. 2.7. Network with dummy activities.

The network in Figure 2.8 is also misleading. It implies that both B 
and C are immediate predecessors for both D and E, which according 
to Table 2.4 is not true. It also implies that D and E are started and 
completed at the same time, which again is not true.

Fig. 2.8. Network with no dummy activities (incorrect).

In practice, dummy activities should be used sparingly to keep the 
network as simple as possible. The appropriate way to diagram the 
project in Figure 2.7 using the minimum necessary dummy activities 
is shown in

Fig. 2.9. Network with minimal use of dummy activities (correct).

Figure 2.9. Notice that no information is lost even though there is only 
one dummy activity. The network still clearly shows that D must be 
preceded by B and C, and F must be preceded by E and D.
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NOTES

Fig. 2.10. Possible and preferred network diagrams for the 
project in Table 2,2.

As a second example, consider the project described earlier in Table 2.2. 
Several possible arrow diagrams for this project are shown in Figure 
2.10. Notice in (a) that D is connected to immediate predecessors B and 
C with two dummies, and E is connected directly to C and indirectly, 
with a dummy, to B. In contrast, the four diagrams in (b) all convey the 
same information, but with one less dummy. In large projects especially, 
economizing of dummy activities is important because it reduces network 
“clutter” and helps to improve interpretation of the network.

In constructing networks by hand, as a rule it is easiest to start by 
putting in dummy activities wherever they seem necessary, then removing 
them from places where they are not essential. The “overriding rule” 
is that dummies cannot be removed whenever it results in two or more 
activities that run between the same two start and finish nodes. (An 
example is Figure 2.8 where activities B and C have the same start 
and finish nodes, as do activities D and E. This violates the rule.) As 
long as they do not result in that rule being violated, the following 
rules suggest where to eliminate dummies:

1. If a dummy is the on/y'activity emanating from its initial node, it 
can be eliminated (e.g., dummies 4-5, 7-8, and 6-8 in Figure 2.7).

2. If a dummy is the only activity going to its final node, it can be 
eliminated.

3. If two or more activities have the same identical predecessors, 
then they both can emanate from a single node connected to their 
predecessors. (For example, in Figure 2.10a, dummies 3-4 and 
5-4 can be eliminated, resulting in something similar to the two 
alternatives on the left in Figure 2.10 b. Dummy 4-6 was added 
in Figure 2.10b in order not to violate the above “overriding.rule”.)
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Project Management If two or more jobs have identical successors, they can be joined at 
their hnal node and connected with a dummy to their successors. 
[For example, in Figure 2.10 a (as an alternative to rule 3 above), 
dummies 3-4 and 3-5 can be eliminated, resulting in something similar 
to the two alternatives, on the right in Figure 2.10b. Dummy 2-3 
was added in 2.10 b in order not to violate the “overriding rule.”]

Using these rules it is possible to create networks with relatively few 
dummies. Figure 2.11 shows the network plan for an exaggerated version 
of changing a flat tire. It indicates, for example, that “jack up car” (Activity 
5-8) has immediate predecessors of “set parking brake” (2-5) and “remove 
tools, tire, and jack” (4-5), and that “put jack, tools, etc., into trunk” (13- 
14) has immediate predecessors of “tighten lug nuts” (11-12) and “jack 
down car” (11-13). The last activity “turn on ignition, drive away” (15- 
17), has immediate predecessors of “close trunk” (14-15), “release parking 
brake” (13-15), and “replace hub cap” (12-15). The Dummy Activity 
.16-17 indicates that when “turn off flashers” and “turn on ignition, drive 
away” are both completed, then the changing flat tire project is completed 
also.

- *4.

NOTES

Fig. 2.11. Network plan for changing a flat tire.

As a final example. Figure 2.12 shows the AOA network for the LOGON 
project based on information from Table 2.3 (and corresponding to the 
AON network in Figure 2.4). Notice the use of dummy activities 3-4 and 
5—4. Event 4 could have been connected directly to Event 3 or Event 5, 
thus eliminating one dummy activity, but the rule of minimal use of 
activities was relaxed here to clarify the presentation.
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and SchedulingRedundant Activities

All activities in a project except the first one have predecessors. Although 

only the immediate predecessors need be known to construct a network, 
it is easy to accidentally specify more predecessors than are necessary. 
Table 2.5 shows a list of project activities and their predecessors. It 
shows Activity D as having A, B, and C as predecessors, although 

listing Ais redundant because Ais the predecessor of B and C. Similarly, 
listing A, B, and C as predecessors for Activity E is redundant because 

they are all predecessors of D. As shown in the last column, only the 

immediate predecessors need to be listed; redundancies can be eliminated 

without affecting the logic of the network.

NOTES

Level of Detail
The level of detail in a network must be sufficient to reveal scheduling 

restraints and important predecessor relationships. This is illustrated 

in Figure 2.13. The upper diagram is a portion of the network in 

Figure 2.12. In the middle diagram, Hardware B test (Activity X) has 

been divided into two sequential activities, “main bus test” (XI) and 

“remaining tests” (X2). The shaded node denotes the event “complete 

main bus test.” Should Activity X have been subdivided like this? That 
depends. If the situation were such that all subtasks in Hardware B 

test must
Psru oun:»nsa Delivery

(N] 0-i
I

Hirdwi'e "A" 
dntjn AsMmblv

lUJ T«« IW)Drawings (01 ©(I)
93

FlnslF{nil
iAtUliaiion

Basic
design test \-s (Z) f—.Iniiallailen drawings (PI (Yl(H)o u42

Hardwar* ‘'6" 
I design I Assembly Teat

"•A WDrawings IK)01
S

Peru
purchase Deliverv

(Ml

Software speciticalions(L)
Pur^a»

Deliverv (Tl

Fig. 3.12. AOA network diagram for LOGON project, 
be completed before “final installation” (Activity Y) is started, then 
there would be no need to subdivide Activity X in two. The event 
“complete main bus test” would not even be shown.
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Project Management Table 2.5. Redundant and Immediate Predecessors.

Activity Predecessors Redundant
Predecessors

Immediate
Predecessors

ANOTES
B A A
C ' AA
D A.B.C

A.B.C.D
A,B,C

A B,C
E A,B,C D
F A B,C

N

Fig. 2.13. Example of level-of-detail requirement for subdividing 
Hardware B test (Activity X).

But suppose we wanted to advance the start of “final installation,” and 
suppose to do so we need only to complete the main bus part of the 
test. In this case, “complete main bus test” should be identified as a
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separate event because “main bus test” is the immediate predecessor 
for “final installation.” The lower diagram in Figure 2.13 would then 
be used because it shows “final installation” beginning os soon as main 
bus test is completed. It also shows that although the “remaining tests” 
(X2) are not needed to begin “final installation,” they are needed to 
begin “final test” (Z).

Although whole work packages are often of sufficient detail to be used 
as activities in a network, sometimes they must be subdivided to reveal 
precedence relationships among subtasks within them. In the previous 
example, it was necessary to subdivide the work package Hardware B 
test because the work package (X) did not have sufficient detail nor 
show a precedence relationship permitting “final installation” to be 
started earlier.

NOTES

AON versus AOA
The different ways that work activities are represented in AOA and 
AON results in two kinds of networks. Because AON networks are 
constructed without use of dummies they are simpler and easier to 
construct (compare Figure 2.3 with Figure 2.10). Nonetheless the AOA 
method is used just as often, probably because it was developed first 
and is better suited for PERT procedures. The PERT model, described 
in the next chapter, places emphasis on project events, and in the AOA 
method events are specifically designated by nodes. Also, because AOA 
diagrams use line segments (the arrow) to represent the flow of work 
and time, it is easy to construct schedules that are similar in appearance 
to Gantt charts but incorporate the advantages of networks.

Most project software packages create AOA networks that look similar 
to Gantt charts. Still, the AON technique is very popular among certain 
industries, particularly construction. Many project planning software 
packages create either AOA or AON networks. In a particular project, 
it is best to select one form of technique, AOAor AON, and stick with 
it. Most examples in this book are in the AOA format.

/
NsEvent-Oriented Networks

Both AON and AOA formats produce “activity-oriented” networks— 
they describe projects in terms of tasks or jobs, which makes them 
especially useful in planning activities in projects. However, for managers 
who are more concerned with getting activities completed, “event-oriented” 
networks are more useful. Figure 2.14 shows part of an event-oriented 
network. It is similar to an AOA network except the activity names on 
the arrows are deleted, and the nodes are drawn large enough to 
contain event descriptions (in past tense). This kind of network is 
useful for emphasizing completion of activities.
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Project Management Creating a Network
A network is developed by starting with a list of activities (for example, 
work packages from the WBS) and their immediate predecessors. If done 
by hand the process is trial and error, and the network might have to be 
redrawn several times before it is complete and correct. Networks of 50 
to 100 activities can be constructed easily by drawing the obvious sub 
networks first and then connecting them.
For small projects, computer software packages ease the task; for large 
projects, they are a must. In large projects, however, before entering the 
data into a computer, it is a good idea for the project manager to first 
sketch out the network by hand showing the major clusters of activities. 
This affords the project manager a better intuitive “feel” for the project. 
Whenever a computer is used, the resulting network should be reviewed 
for accuracy, omissions, or mistakes in data entry.

NOTES

2.2 THE CRITICAL PATH
\

How are networks used in project planning? The major use of networks 
is for scheduling—determining how long the project will take (the expected 
project duration) and when each activity should be scheduled. The expected 
project duration, Te, is determined by finding the longest path through 
the network. A“path” is any route comprised of one or more arrows 
(activities) connected in sequence. The longest path from the origin node 
to the terminal node is called the critical path; this gives the expected 
project duration. These concepts are illustrated in the following example. 
The firm of Kelly, Applebaum, Nuzzo, and Earl, Assoc. (KANE) is working 
on the Robotics Self- Budgeting (ROSEBUD) project. Table 2.6 lists the 
project activities and Figure 2.15 shows the network. The first phase in 
the project is systems design (Activity J). After that, simultaneously (a) 
the robotics hardware is procured, assembled, and installed (M-V-Y), 
and (b) the computer software is specified and procured (L-Q). The last 
phase of the project is system and user testing of the combined hardware 
and software (W-X).
The first activity J (system design) takes 6 weeks. Notice in Figure 2.15 
that after J has been completed, both the “hardware activities” and “software 
activities” can begin. It will take 4 + 6 -i- 8 = 18 weeks to do the hardware 
activities (Path M-V-Y), and 2 + 8 = 10 weeks to do the software activities 
(Path L-Q). Because Activity J takes 6 weeks, the hardware will be 
ready for Activity W (system test) in 6 -i- 18 = 24 weeks, and the software 
will be ready in 6 -i- 10 = 16 weeks. However, because both the hardware 
and the software activities must be finished before Activity W (system 
test) can begin, the earliest Activity W can begin is in 24 weeks. Two
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weeks later, after both Activity W and Activity X (user test) are completed, 
the ROSEBUD project will be completed. Thus, the project duration is 
Te = 24 + 1 + 1 = 26 weeks. Notice that there are two paths from the 
origin node to the terminal node. The shorter path J-L-Q-W-X is 18 
weeks long; the longer path J-M-V-Y-W-X is 26 weeks long. In general, 
the longest path gives the duration of the project. This is called the 
critical path, and the activities that comprise it are called critical 
activities. The path is “critical” in the sense that, should it be necessary 
to reduce the project completion time, the reduction would have to be 
made by shortening activities on the criticzd path. Shortening any activity 
on the critical path by 1 week would have the effect of reducing the 
project duration by 1 week.

NOTES

I

Fig. 2.14. Event-oriented network.

Table 2.6. Activities for the ROSEBUD project.

Immediate
Predecessors

DurationDescriptionActivity
(Weeks)

System design 
Hardware purchase 
and delivery 
Hardware assembly test 
Hardware installation 
Software specification 
Software purchase

and delivery

6J
J 4M

M 6V
V 8Y
J 2L
L 8Q

Y,Q 1w System test

W 1X User test
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NOTES

Fig. 2.15. Network for the ROSEBUD project.

In contrast, shortening activities not on the critical path, L or Q, would 
have no effect on project duration. If either activity is reduced by 1 
week, then the software activities will be completed in week 15 instead 
of week 16. However, this would not change the project duration because 
Activity W still has to wait for completion of hardware activities, which 
is not until after week 24.

The critical path is important for another reason; A delay in any activities 
along the critical path will result in a delay in the completion of the 
project. Should any critical activities be delayed by 1 week the project 
completion will be delayed by 1 week.

Notice, however, that noncritical activities L and Q can be delayed 
somewhat without delaying the project. In fact, together they can be 
delayed up. to 8 weeks. This is because they will be completed in week 
16, which is 8 weeks earlier than the hardware. Thus, although the 
software can be ready at the end of week 16, it is okay if it is not ready 
until the end of week 24.

As a further example, look at the network in Figure 2.16. This network 
has four paths leading from origin to termination;

(а) H-J-P-Y-Z

(б) H-J-K-V-X-Y-Z 

(c) H-J-M-R-V-X-Y-Z 

id) H-J-L-Q-T-Z

The lengths of the four paths are, respectively; 35, 42, 47, and 32; the 
critical path is c, the longest, and Te is 47.

Multiple Critical Paths
Can a project have more than one critical path? Why not? Suppose 
Activity L in Figure 2.15 had a duration length of 10 weeks instead of 
2; then the project would have two critical paths, J-M-V-Y-W-X and J- 
L-Q-W-X, both 26 weeks. In that case, a delay along either path would
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extend the project beyond 26 weeks. Suppose, however, you wanted to 
reduce the project duration to less than 26 weeks; you would then 
have to shorten both paths. This means you could reduce the time on 
activities J, W, or X, or, if you reduce either M-, V, or Y by a certain 
amount, then you must also reduce either L or Q by the same amount. NOTES

Fig, 2.16. Example network showing the critical path.

Early Times—ES and EF
Scheduling of activities starts with determining when, at the earliest, 
the activities can be performed. These are represented on the network 
by two “early times” for each activity; (1) the early start time (ES), and 
(2) the early finish time (EF). These are the earliest possible times 
that an activity can be started and completed.

The ES of an activity depends on the completion time of an activity’s 
immediate predecessors. It is found by summing the duration of each 
predecessor activity along the path leading to the activity in question; 
when more than one path leads to that activity, ES reflects the total 
time along the longest path. This is shown in Figure 2.17. Suppose the 
ES for the first activity, H, is 0 (meaning that the project starts at 
time 0). The early finish, EF, of H must then be 10 weeks. That being 
the case. Activity J will have an ES of 10 weeks and an EF of 16 
weeks. Similarly, ES for activities P, K, M, and L will be 16 weeks. 
Before Activity V can be started, all of its immediate predecessors 
must be completed. The length of the path going through Activity K is 
16 + 4 = 20; this is the EF for Activity K. The length of the path going 
through activities M and R is 16 + 4 + 5 = 25; this is the EF for Activity 
R. Therefore, the ES for Activity V is 25 weeks because that is the 
longer of the two paths leading to it and, hence, the earliest time by 
which both of V’s predecessors, K and R, will have been completed. 
The same happens at Activity Y: ES = 33 weeks is computed using the 
longest path to ActivityY, which is throughActivity X. ES = 33 represents 
the earliest time that both of Y’s immediate predecessor activities will 
be completed and, hence, the earliest that Activity Y can be started. 
Finally, for Activity Z, ES = 41 weeks and EF = 47 weeks. Notice that
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Project Management 47 weeks is the same as the expected duration of the project, Te. In 
summary, ESs and EFs are computed by taking a “forward pass” through 
the network. When an activity has only one immediate predecessor, 
its ES is simply the EF of the predecessor. When an activity has several 
immediate predecessors, its ES is the latest EF of all its immediate 
predecessors; this is the latest time when all the immediate predecessors 
will be completed and, hence, the earliest time the next activity can 
be started.

NOTES

Fig. 2.17. Example network showing ESs and EFs

Fig. 2.18 Example network showing LSs and LFs.

Late Times—LS and LF
An activity that is not on the critical path can be delayed without 
delaying the project. However, by how much can it be delayed? To 
answer that, we must determine the “late times;” that is, the latest 
allowable times that the activity can be started and finished without 
delaying the completion of the project. As seen in ES and EF, every 
activity has a late start time, LS, and a late finish time, LF. Referring 
to Figure 2.18, we will show that the method for calculating LF and LS 
is simply the reverse of calculating ES and EF.
Begin by assigning a target completion date, Ts, to the terminal node. 
(Usually Ts is selected to be the same as the expected project duration,
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Te; however, a larger value can be used when the project does not 
have to be completed by the earliest time.) In Figure 2.1S, we start at 
Activity Z and make a “backward pass” through the network. If Ts is 
47 weeks (LF at the terminal node is 47), then LS for Activity Z must 
be 47 - 6 = 41 weeks. Still moving backwards, for Activity Y, the LF 
must be 41 weeks, and EF must be 41-8 = 33 weeks. Continue to move 
backwards through each path, computing LF and LS for each activity. 
Whenever an activity is encountered that has multiple paths leading 
back to it (i.e., it has multiple immediate successors), it is the longest 
backward path that becomes the basis for its LF. This is the same as 
saying that it is the backward path with the smallest LS that provides 
the basis for an activity’s LF. For example, there are four paths leading 
backward to Activity J: for Activity P the LS is 47-6-8-5 = 28; for 
Activity K the LS is 47-6-8-3-5-4 = 21; for Activity M the LS is 47- 
6-8-3-5-5-4 = 16; for Activity L the LS is 47-6-3-5-2 = 31. Notice that 
the longest path back gives the smallest LS time, which is 16 weeks. 
Thus, the LF for Activity J is 16 weeks; this is the latest J can be 
finished and have enough time to complete the longest sequence of 
remaining activities M-R-V-X-Y-Z by the target date of 47 weeks.
In summary, calculations for LFs and LSs start at the terminal node 
of the project and work backward. When an activity has more than one 
path leading back to it, the smallest value of LS among all its immediate 
successors becomes the activity’s LF. Having completed both forward 
and backward passes through the network, we now have the earliest 
possible and latest allowable scheduled times for every activity in the 

“network. The example used in Figures 2.17 and 2.18 is a portion of 
•the LOGON network. The early and late times for the entire project 
are shown in Figure 2.19.

NOTES

Total Slack
Referring to Figure 2.19, notice that the ES and LS for an activity are 
often not the same. The difference between LS and ES (or LF and EF) 
is referred to as the total slack time (or the “slack,” or the “float”) of 
an activity. It is the amount of possible variation between when an 
activity must take place at the latest and when it can take place at the 
earliest:

Total slack = LS - ES = (LF — EF)
In Figure 2.19, the total slack for Activity H is 0 - 0 = 0 weeks; for 
Activity I, total slack is 15 - 10 = 5 weeks; for Activity J it is 10 - 10 
= 0, and so on. Total slack for activities on the critical path (called 
critical activities) is zero; hence, delaying any of these activities will 
delay the project.
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Fig. 2.19. Network diagram for LOGON project.

Activities not on the critical path (called noncritical activities) can be 
delayed by their slack time without delaying the project completion. 
When activities are in sequence on a subpath, delaying earlier activities 
will also delay the later ones, which thus reduces the slack of remaining 
activities. In Figure 2.19, for example, activities L, Q, and T are all on 
a subpath and all have the same total slack of 15 weeks. But if Activity 
L, the first one in the sequence, is delayed by 5 weeks, then activities Q 
and T will also be delayed 5 weeks and, thus, will have only 10 weeks 
of remaining slack. If, in addition, Activity Q is delayed by 10 weeks, 
then Activity T will have no remaining slack and must be started immediately 
upon completion of Q.
The total slack time is the maximum allowable delay that can occur for 
noncritical activities. Once this slack is used up, noncritical activities 
become critical and any further delays will extend the project completion 
date.

Free Slack
The term free slack refers to the amount of time an activity can be 
delayed without affecting the start times of any successor activities. The 
free slack of an activity is the difference between EF for the activity and 
the ES of its earliest successor:

Free slack = ES (earliest successor) EF
For example, in Figure 2.19 Activity I has total slack time of 5 weeks but 
free slack time of 18-18 = 0 weeks (18 is both the EF of Activity I and 
the ES of Activity I’s earliest successor, P). It has zero free slack because 
any delay in it will also delay the start of activities N and 0 (and if N,
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and Schedulingthen S also). Activity 0, on the other hand, has free slack of 25-23 = 

2 weeks (23 is its EF, 25 is the ES of its successor, U). It can be 
delayed 2 weeks without affecting the early start of any of its successors. 
The importance of knowing free slack is that managers can quickly 
identify activities where slippage has consequence for other activities. 
When an activity has no free slack, any slippage also will cause at 
least one other activity to slip. If, for example, Activity L slips, so will 
Q and T, and work teams in the latter two should be notified. (Specification 
of who should be notified is indicated in the responsibility matrix.) As 
with total slack, the computed free slack for an activity assumes the 
activity will begin at its ES time. Thus, the free slack for Activity 0 
is 2 weeks only as long as Activity I, its predecessor, is completed at 
its EF time. If any slack is used up by Activity I, then the free slack 
of Activity O will be reduced by that amount. Table 2.7 summarizes 
these concepts, showing ES, LS, EF, and LF, and total and free slack 
times for the LOGON project in Figure 2.19. Notice that ever3rwhere 
on the critical path the total and free slack times are zero.

NOTES

Changes in Project^Target Completion Date
We assumed in discussing total slack time that the target completion 
date, Ts, was the same as the earliest expected completion date, Te. 
In actuality the target completion date can be varied, making it either 
later to provide for more total slack or earlier to reflect wishes of the 
client.
Setting the target date later than the earliest completion date has the 
effect of increasing total slack for every activity by the amount Ts-Te. 
All activities will have this amount of slack in addition to what they 
had when Ts and Te were the same. Activities on the critical path will 
now have this additional slack instead of zero slack. Although slack on 
the critical path is no longer zero, it is still the smallest slack anywhere 
in the network. For example, if the target completion date Ts for the 
project in Figure 2.19 were increased to 50 weeks, then the total slack 
in Table 2.7 would be 3 weeks for all critical activities, and 3 weeks 
more for all noncritical activities.
If the Ts is set earlier than Te, then total slack times throughout the 
network will be reduced by the amount Ts-Te, and activities along the 
critical path will have negative slack times. Negative slack is an indication 
that time must be cut from a path to meet the desired target date.

All of this has no influence on free slack times because they depend 
on early start and finish times, both of which are affected by the same 
amount when changing Ts.
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How do these concepts apply in AON dia^ams? Figure 2.20 is the AON 
diagram for the LOjGON project; it corresponds to the AOA diagram in 
Figure 2.19. Calculations for the early and late times for both-AOA and 
AON diagrams use the same procedures.
As you can see, the resulting scheduled times for the two are identical. 

Table 2.7. LOGON Project Time Analysis (from Figure 2.19).

NOTES

Activity Duration 

(Weehs)

Start Node Finish Node Slack'

ES LS EF LF Total* Free* Note

H 10 10 10 0 CP0 0 0

I 8 18 010 16 23 . 5

J CP6 10 10 16 16 0 0

K 4 16 20 25 621 6

L 2 16 31 18 33 015

M • 4 20 0 CP16 16 20 0

N 4 18 23 22 27 05

0 5 18 23 SO 225 7

P 5 18 28 23 33 1010

Q 5 2318 33 38 15 0

R CP5 20 20 25 26 00

s 3 22 27 25 30 05

T 3 2623 38 41 15 15

U 1 25 2630 31 05

V 6 25 3025 30 0 CP0

W 2 26 2831 30 5 5

X 03 30 33 CP30 33 0

Y 8 33 33 41 41 0 CP0

z 6 41 47 CP41 47 0 0

(1) (2) (3) (5) (6) = (6)— = [(3) of earliest 
successor]-

(4)

(3) - (2) (3) - (2)

*Total slack is the spare time on an activity which, if used, will affect the\ slack 
on succeeding jobs (t.e., will delay the jobs and reduce their slack).

** Free slack is the spare time on an activity which, given that previous jobs 
have been carried out on time, if used up will not affect the early start time of 
any succeeding activityes (i.e,, will not affect the total slack nor dely those activities).
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BASED NETWORKS
2.3

After a project network has been created and finalized the resulting 
schedule times should be converted into a calendar schedule plan—a 
plan that expresses the schedule in terms of actual calendar dates 
(day, month, year). Resource constraints such as availability of funds 
and personnel, and calendar restrictions such as weekends, holidays, 
and vacations must be taken into account. Some resources may have to 
be shifted because they are limited or workloads need to be leveled 
out; this requires shifting and rescheduling of jobs.

NOTES

To complete the calendar schedule, the network is converted into a 
time-based network, such as shown in Figure 2.21. Another example, 
Figure 2.22, shows the LOGON project time-based network derived 
from the netwo'rk in Figure 2.19. On top is a simple Gantt chart altered
to show the critical path. The middle figure is the time-based version 
of the network in-Figure 2.19 using the calendar format of the Gantt 
chart and eaf^ times. The bottom figure is the same time-based network 

using late times. The schedule in Figure 2.22 uses weeks and assumes 
no work on weekends. However, it does not indicate holidays and 
vacations, which would extend Te beyond 47 weeks. Figure 2.23 shows 
the LOGON schedule produced by Microsoft Project software and 
incorporating weekends and holiday time off. Notice the schedule has 
increased from 47 weeks to approximately 48 weeks. All computerized 
project scheduling packages use calendar scheduling and generate time- 
based networks.
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Fig. 2.20. An AON diagram for LOGON project showing early
and late times. v'
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Project Management Time-based networks have the advantages of both Gantt charts and networks 
because they show the calendar schedule as well as relationships among 
activities. As with Gantt charts, once the project is underway the network 
must be monitored and kept “current.”

NOTES

2.4 MANAGEMENT SCHEDULE RESERVE
The Te. first computed from the network is usually not the duration 
specified as the contractual completion time. A management schedule 
reserve is established by setting the required target time Ts at some 
amount greater than the time of the final scheduled event Te. Generally, 
the greater the uncertainty of the project, the larger the schedule reserve. 
The schedule reserve and a management budget reserve, described later, 
comprise a “safety buffer” that the project manager can use to overcome 
problems or delays that threaten project performance.

2.5 PDM NETWORKS
The network scheduling procedures discussed thus far assumed a strict 
sequential relationship upon which the start of an activity is predicated 
upon the completion of its immediate predecessors. Such is the case
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Fig. 2.21. Time-based network.
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and Schedulingillustrated in the AON (actually, “activity in box”) diagram in Figure 

2.24. Tlus strict start-only-when-the-predecessors-are finished relationship 
is called finish-to-start (FS). The limitation of the FS network representation 
is that it precludes those kinds of tasks, that can be'started when their 
predecessors are only partially (but not fully) completed. For example, 
when a company is being relocated, the “employee move-in” activity 
can start as soon as some of the office furniture has been moved in. 
Although it might be necessary to have completed “furniture move-in” 
before completing “employee move-in,” the point is that “employee 
move-in” can begin before its immediate predecessor “furniture move- 
in” has been completed. The precedence diagramming method (PDM) 
allows for this and other situations. Besides the usual FS relationship,

NOTES

\
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Fig. 2.22. LOGON project: (a) Gantt chart, and corresponding time-based 
networks using (b) early start times, and (c) late start times.

PDM permits the relationships of start-to-start, finish-to-finish, and 
start-to-finish. It also allows for time lags in these relationships, such
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Project Management as a lag between two starts, two finishes, or a start and a finish. These 
special relationships in PDM are described next using AON networks.
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Fig. 2.23. LOGON project schedule adjusted for holidays and weekends.

Start-to-Start, SS
In an SS relationship between two activities A and B, the start of B can 

occur in days, at the earliest, after the start of its immediate predecessor, 
A. This is diagrammed in Figure 2.25. Using the example from Figure 
2.24, suppose that an “employee move-in” can start no sooner than 5 

days after the start of “furniture move-in,” the network diagram and 

associated Gantt chart for the two activities would appear as in Figure 
2.26.

A 10 B 15
♦ ♦ ♦Furniture

move-in
Employee
move-in

Fig. 2.24. Example of FS relationship.

Finish-to-Finish) FF
In an FF relationship between two activities A and B, B will finish n 

days, at the latest, after A finishes. An illustration is in Figure 2.27 
where “paint parking lines” (B) must be finished within 5 days after “lay 
asphalt” (A) has been finished.
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and SchedulingStart-to-Finish, SF

In an SF relationship, the finish of Activity B must occur n days at the 
latest, after the start of Activity A. For example, “phase-out old system” 
(B) caimot be finished until 25 days after “test new system” begins. 
This is shown in Figure 2.28.

NOTES

Finish-to-Start, FS
In an FS relationship, the start of Activity B can occur n days, at the 
earliest, after the finish of Activity A. For example, “tear down scaffolding” 
(B) can start no sooner than 5 days after “plaster walls” is finished. 
This is shown in Figure 2.29. Note that when

n = 0, the FS relationship is the same as the one used in traditional 
AOA and AON network scheduling, wherein the start of a successor 
coincides with the completion of its latest predecessor, with no lag 
between them.

Multiple PDM Relationships
Two PDM relationships can be used in combination. Having both SS 
and FF is a rather common combination. An example is illustrated in 
Figure 2.30. Notice in the figure that because B must be finished no 
later than 10 days after Ais finished, the start of B must occur at day 
10. Suppose B is an interruptable activity (i.e., the work in B does not 
have to be performed contiguously). In that case, B could instead be 
started 5 days after the start of Aand be finished 10 days after Ais 
finished. This- is represented in Figure 2.31. The assumption is that 
the 15 days of work required for B will be performed sometime within 
the 20 days allowed for B between day 5 and day 25.

Notice that the 20 days scheduled for Activity B gives two possible 
slack values for that activity, LS - ES = 5 or LF - EF = 0. In PDM, 
usually the smallest slack value is observed, in this case 0.

A B

SS =

Fig. 2.25. PDM representation of SS relationship,

A HA 16A 10
Employee
move-in

Furniture
move-in B

SS = 5
5 10 15 20 25

Fig. 2.26. Example of SS relationship.
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A
BA 15 10

Lay Paint
paildng lines Ia^haltNOTES e

FF = 5 I

5 10 15 20 25

Fig. 2.27. Example of FF relationship.

A
A B15 15
Test new 
system

Phase-out 
old system iB

SF = 25 I I

5 10 15 20 25

Fig 2.28. Example of SF relationship.

A
A 15 B 5FS = 5 \Plaster
walls

Tear-down
scaffoldirtg

I I I I r
5 10 15 20 25

Fig. 2.29. PDM representation of FS relationship.

SS = 5 1

A
15 15 I

A B B
- -H

FF = 10 I I I 1

5 10 15 20 25

Fig. 2.30. Schedule for noninterruptable Activity B.

A
i

I

iB

1 I I 1 i
5 10 15 20 25

Fig. 2.31. Schedule for interruptable Activity B.
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The ROSEBUD project will be used as an example.

2.6 MATERIAL AND EQUIPMENT
NOTES

Three things occur in the planning and control process: (1) Dupng the 
conception and definition phases (before project work actually begins) 
a plan is prepared specif3ang the project requirements, work tasks, 
responsibilities, schedules, and budgets; (2) during the execution phase 
the Ip/an is compared to actual project performance, time, and cost; if 
there are discrepancies, (3) corrective actions are taken and the requirements, 
schedules, and budgets updated. Planning and control are essential 
parts of project management; they enable people to understand what 
is needed to meet project goals and reduce the uncertainty of outcomes.

2.7 PLANNING STEPS
Top management gives the authorization to begin planning shortly 
after a business need, contract request, or RFP is received. This 
authorization releases funds so that plans, schedules, and budgets can 
be prepared. These plans are then used to justify additional funds and 
authorize work for the remainder of the project.
A project manager, if not already assigned or involved, is now identified 
to oversee the planning. A project charter is created that briefly gives 
the statement of work, expected end-items or results, and required 
resources. If the work is being performed under contract, the contract 
will serve as the charter. The purpose of the charter is to enable the 
project manager, senior management, and functional managers to reach 
agreement about the scope of the project and the resources they will 
commit to it.
Because every project is different, there is never an a priori, established 
way specifying how each and every one should be done. New projects 
pose new questions. For starters, the project team needs to answer 
questions about what has to be done, how it has to be done, by whom, 
in what order, for how much, and by when. The formalized way to 
answer these questions is through the planning process. The process 
addresses the questions in roughly the following steps:

1. Project objectives, requirements, and scope are set. These’ outcome 
elements specify project end-items, desired results, and time, 
cost, and performance targets. (What, for how much, and by 
when?) The scope includes specific acceptance requirements that 
the customer uses to determine acceptability of results or end 
items. Everything specified in these requirements must be completed 

', during the project to the customer’s satisfaction.
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Project Management The specific work activities, tasks, or jobs to achieve objectives are 
broken down, defined, and listed. (What?)

A project organization is created specifying the departments, 
subcontractors, and managers responsible for work activities. (Who?)

A schedule is prepared showing the timing of work activities, deadlines, 
and milestones. (When, in what order?)

A budget and resource plan is prepared showing the amount and 

timing of resources and expenditures for work activities and related 
items, (How much and when?)

A. forecast is prepared of time, cost, and performance projections 
for the completion of the project. (How much time is needed, what 
will it cost, and when will the project be finished?)

These steps need to be followed each time because every project is somewhat 
unique, requires different resources, and must be completed to specific 
time, cost, and performance standards to satisfy users’ requirements. 
Whenever projects are similar, much of the planning relies on past experience- 
and historical records for assistance; when they are first-of-a-kind, much 
of the planning proceeds from scratch. Functional areas of the organization 
assigned to the project should be involved in the planning process. Although 
each area develops its own plan, all plans are derived from and become 
a part of a single, overall project plan. This overall plan is referred to 
as the project master plan or project summary plan.

2.

3.

NOTES

4.

5.

6.

2.8 THE PROJECTMASTER PLAN

The project is initiated with the preparation of a formal, written master 
plan. The purpose of this plan is to guide the project manager and team 

throughout the project life cycle; to tell them what resources are needed, 
when, and how much they will cost; and, later, to enable them to measure 

progress, determine when they are falling behind, and know what to do 
to catch up.

Common sources of project failure such as scheduling and cost overru
ns could often be avoided if more thought were given to planning. The 
process of preparing a plan should be thorough and begun early, even 
before the project is authorized. In most cases, this means that proj
ect planning begins during formulation of the project proposal. Duri
ng proposal preparation, a rudimentary project team is organized and 

major decisions for resource acquisition are made. The team prepares 

a summary project plan for inclusion in the proposal using the same
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(albeit more abbreviated) procedures as they will use later to develop 
a more elaborate and detailed master plan. The difference between 
the summary plan in the proposal and the master plan is that the 
former is Intended for the customer, and the latter for the project 
team. The summary plan need only contain enough detail to give the 
customer an overview; the master plan must be of sufficient detail to 
guide the team in the execution of the project. When management 
approves the plan it gives the project manager tacit authority to conduct 
the project in accordance with the plan.

NOTES

Contents of Master Plans
The contents of master plans vary depending on the size, complexity, 
and nature of the project. Typically, the plan has three major sectionaf

1. Management Summary. An overview description of the project 
oriented toward top-level management. It includes a brief description 
of the project, objectives, overall requirements, constraints, problem 
areas (and how they will be overcome), and the master schedule 
showing major events and milestones.

2. Management and Organization Section. Overview of organization 
and personnel requirements for the project. It includes

• Project management and organization: Details how the 
project will be managed and identifies key personnel and 
authority relationships.

• Manpower: Estimates of workforce requirements in terms 
of skills, expertise, and strategies for locating and recruiting 
qualified people.

• Training and development: Summary of the executive 
development and personnel training necessary to support 
the project.

3. Technical Section. Overview of major project activities, timing,’ 
and cost. It includes

• Statement of work and scope of work: Generalized 
description of major project activities and tasks, and results 
or end-items.

I

• Work breakdown: List of work packages and description 
of each.

• Responsibility assignments: List of personnel and 
responsibility for work packages and other areas of the project.

• Project schedules; Generalized project and task schedules 
' showing major events, milestones, and points of critical action

I
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Project Management or decision. May include Gantt charts, project networks, and 
PERT/CPM diagrams.

• Budget and financial support: Estimates and timing of 
capital and development expenses for labor, materials, and 
facilities.

• Testing: Listing of things to be tested, including procedures, 
timing, and persons responsible.

• Change control plan: Procedures for review and decision 
about requests for changes to any aspect of the project plan.

• Quality plan: Measures for monitoring quality and accepting 
results for individual work tasks, components, and end-item 
assemblies.

• Work review plan (may be included in quality plan):
Procedures for periodic review of work, noting what is to be 
reviewed, by whom, when, and according to what standards.

• Documentation: List of documents to be produced and how 
they wdl be organized and maintained.

• Implementation: Discussion and guidelines showing how 
the customer will convert to, or adopt, the results of the 
project.

• Economic justification: Summary of alternatives in meeting 
project objectives showing tradeoffs between costs and schedules.

• Areas of uncertainty and risk: Contingency plans for areas 
of greatest uncertainty in terms of potential work failure or 
missed milestones. (This section is often excluded because 
it scares users and management.

Depending on the client or type of project contract, some plans require 
additional, special items not outlined here. In small or low-cost projects, 
it is possible to delete certain sections, taking care not to overlook the 
crucial ones. It is usually good practice to systematically review every 
item in the three sections even if only to verify that some of them are 
“N/A” (not applicable).Though the format is slightly different, there is 
indeed a similarity. In many cases the proposal, revised and updated 
to reflect current agreements and contract specifications, becomes the 
project master plan. At other times, when the project summary needs 
to be expanded and defined in greater detail, the proposal serves as 
an outline. Because the primary audience of the final master plan is 
the project team and not the user, the technical section is usually 
larger and in greater detail than what appears in the project proposal.

NOTES
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As the following example illustrates, the development of a project 
master plan is an evolutionary, multidisciplinary process.

Developing a Project Plan at Master Control Company
The Master Control Company (MCC), a medium-sized engineering firm, 
was approached by Bier Publishing Company to develop a control unit 
for tracking the production process of two multistage, high-efficiency 
printing presses. The Bier engineering department initiated the project 
by sending MCC a list of requirements for power, wiring, performance, 
and possible future enhancements for the unit. MCC appointed a project 
manager to oversee design and development and to prepare a proposal.
MCC’s engineering group conceived an initial, theoretical design to 
cover all specifications and circumvent any design flaws. Throughout 
the process they consulted with engineers from Bier, and the design 
was altered and redone several times. The final design consisted of 
blueprints, a manual of operational specifications, and a bill of materials 
and parts.
Vv'ith this design the MCC marketing department performed a detailed 
analysis of the price of parts and cost of labor. The manager of the 
production department also examined the design and, together with 
the project manager, prepared a work breakdown structure and tentative 
project plan outlining major work tasks. A meeting was held with 
representatives from project management, engineering, marketing, and 
production to review the project plan, costs, and feasibility. The production 
department supplied information about the kind of labor expertise 
needed, the availability of parts, and a forecast of the time required 
to produce the unit. Marketing provided information about the costs 
of labor, parts and supplies, and the overall project. Having this information, 
the project manager was able to expand the project plan, develop a bid 
price, and combine the two into a proposal. Notice that, in terms of 
the systems-development process, the stages of initiation, feasibility, 
definition, and most of the design were completed before the proposal 
was sent to Bier.
Following contract negotiation and signing, the project manager and 
production manager developed a final, detailed master plan. This plan 
contained the same information as the proposal did, but was updated 
and expanded to include a schedule for materials and parts purchases, 
a schedule of labor distribution for work tasks, a management and 
task responsibility matrix, and a detailed master schedule.
Seldom does all project planning occur only at one particular point in 
time. As this example shows, the plan is developed gradually, expanded 
and modified as information is accumulated and after it has been reviewed, 
refined, and finally accepted by project participants.

NOTES
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During development of the project plan, reference should be made to 

earlier, similar projects (including plans, procedures, successes, and 
failures) for whatever applications seem relevant. Indeed, when they 
exist, this is one purpose of the postcompletion project summary ; that 
is, to enable planners to avoid reinventing the wheel and repeating 

past failures. Often projects are approached as too unique, and the 
lessons of history—dilemmas, mistakes, and solutions—are ignored.

Simply, this means that in preparing for any project it is important to 
scrutinize what others have done before. Somewhat common among 
researchers and scholars, this approach is not as common among persons 

who consider themselves more “action-oriented.”

NOTES

•>

Tools of Project Planning
Much of the technical content of project plans is derived from the 
basic tools described in this chapter. They include

1. Work breakdown structure and work packages—used to define 

the project work and break it down into specific tasks.

2. Responsibility matrix—used to define project organization, key 

individuals, and their responsibilities.

3. Events and milestones—used to identify critical points and major 
occurrences on the project schedule.

4. Gantt Charts—used to display the project master schedule and 
detailed task schedules.

The Work Breakdown Structure
The Work Breakdown Structure (WBS) is a hierarchical description of 

the work that must be done to complete the project as defined in the 
Project Overview Statement (POS). Several processes can be used to 
create this hierarchy, which we discuss in this unit. An example of the 
WBS is shown in Figure 2.32.

To begin our discussion, of the WBS, you need to be familiar with the 

terms introduced in Figure 2.32. The first term is -activity. An activity 
is simply a chunk of work. Later in this chapter, in the section Six 

Criteria to Test for Completeness in the WBS, we expand on this definition. 
The second term is task. Note that in Figure 2.32, activities turn to 

tasks at some level in the hierarchy. A task is a smaller chunk of work. 
While these definitions seem a bit informal, the difference between an 
activity and a task will become clearer shortly.
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The terms activity and task have been used interchangeably among 

project managers and project management software packages. Some 
would use the convention that activities are made up of tasks, while 

others would say that tasks are made up of activities, and still others 
would use one term to represent both concepts. In this book, we refer 
to higher-level work as activities, which are made up of tasks.

We also use the term work package. Awork package is a complete 
description of how the tasks that make up an activity will actually be 
done. It includes a description of the what, who, when, and how of the 
work.

Breaking down work into a hierarchy of activities, tasks, and work 
packages is called decomposition. For example, take a; look at the top 
of the WBS in Figure 2.32. Notice that the goal statement from the 
POS is defined as a Level 0 activity in the WBS. The next level, Level 
1, is a decomposition of the Level 0 activity into a set of activities 
defined as Level 1 activities. These Level 1 activities are major chunks 
of work. IVhen the work associated with each Level 1 activity is complete, 
the Level 0 activity is complete. For, this example, that means that the 
project is complete. As a general rule, when an activity at Level n is 
decomposed into a set of activities at Level n+1 and the work associated 
with those activities is complete, the activity at Level n, from which 
they were defined, is complete.

Decomposition is important to the overall project plan because it allows 
you to estimate the duration of the project, determine the required' 
resources, and schedule the work. The complete decomposition will be 
developed by using the completeness criteria discussed later in this 
chapter. By following those criteria, the activities at the lowest levels 
of decomposition will possess kriown properties that allow us to meet 
planning and scheduling needs. This process of decomposition is analogous 
to the process we all used in grammar school to prepare a detailed 
outline of a research paper we were going to write. Despite the teacher’s 
extolling the value of preparing the outline before we wrote the paper, 
we chose to do it the other way around—by writing the paper first and 
extracting the outline from it. That won’t work in project planning. 
We have to define the work before we set out to do the work. Those 
who have experience in systems development should see the similarity 
between the hierarchical decomposition and functional decomposition. 
In principle, there is no difference between a WBS and a functional 
decomposition of a system. Our approach to generating a WBS departs 
from the generation of a functional decomposition in that we follow a 
specific process with a stopping rule for completing the WBS. We are 
not aware of a similar process being reported for generating the functional 
decomposition of a system. Veterans of system development might

NOTES

Self-Instructional Material 51
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or pseudo-code. TheSe tools do, in fact, have a great deal in commor 
with the techniques we use to generate the WBS.

GOAL Level #0NOTES

Activity Activity Activity Level #1

Activity Activity Activity Level #2

Activity
Task# 1 Task#2Task#3.... Task#n

Level #m

Work Package

Fig. 2.32. Hierarchical visualization of the work breakdown structure.

2.9 USES FOR THE WBS
The WBS has four uses:
Thought process tool. First and may be foremost, the WBS is a thought 
process. As a thought process, it is a design and planning tool. It helps 
the project manager and the project team visualize exactly how the 
work of the project can be defined and managed effectively. It would 
not be unusual to consider alternative ways of decomposing the work 
until an alternative is found with which the project manager is comfortable.
Architectural design tool. When all is said and done, the WBS is a 
picture of the work of the project and how the items of work are 
related to one another. It must make sense. In that context, it is a 
design tool.

Planning tool. In the planning phase, the WBS gives the project team 
a detailed representation of the project as a collection of activities 
that must be completed in order for the project to be completed. It is 
at the lowest activity level of WBS that we will estimate effort, elapsed 
time, and resource requirements; build a schedule of when the work 
will be completed; and estimate deliverable dates and project completion.
Project status reporting tool. The WBS is used as a structure for 
reporting project status. The project activities are consolidated (that
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is, rolled up) from the bottom as lower-level activities are completed. 
As work is completed, activities will be completed. Completion of lower- 
level activities causes higher-level activities to be partially complete. 
Some of these higher-level activities may represent significant progress 
whose completion will be milestone events in the course of the project. 
Thus, the WBS defines milestone events that can be reported to senior 
management and to the customer.
NOTE: Trying to find a happy compromise between a WBS architecture 
that lends itself well to the planning thought process and the rolling 
up of information for summary reporting can be difficult. It is best to 
have input from all the parties that may be using the WBS before 
settling on a design. There is no one right way to do it; it’s subjective.

' You will get better with practice.
In the final analysis, it is the project manager who decides on the 
architecture of the WBS and the level of detail required. This detail 
is important because the project manager is accountable for the success 
of the project. The WBS must be defined so that the project manager 
can manage the project. That means that the approach and detail in 
the WBS might not be the way others would have approached it. Apart 
from any senior management requirements for reporting or organizational 
requirements for documentation or process, the project manager is 
free to develop the WBS according to his or her needs and those of 
management.
Because of this requirement, the WBS is not unique. That should not 
bother you, because all that is required is a WBS that defines the 
project work so that you, the project manager, can manage it. “Beauty 
is in the eyes of the beholder” applies equally well to the WBS.

NOTES

Generating the WBS
The best way to generate the WBS is as part of the Joint Project 
Planning (JPP) session. We describe the steps as we look at two different 
approaches to building the WBS. Before we discuss those approaches, 
let’s recall where we are in the planning process and then offer a few 
general comments about procedures we have followed in our practice 
regardless of the approach taken. One of two simple decomposition 
processes is used to identify the activities that must be performed 
from the beginning to the completion of the project. These activities 
are the lowest level of managed work for the project manager. At this 
point in the planning process, you should have completed the Project 
Overview Statement. You may have to go back and reconsider the POS 
as a result of further planning activities, but for now let’s assume the 
POS is complete. Our technique for generating the WBS will reduce 
even the most complex project to a set of clearly defined activities.
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activities. There may be as many as 10 to 20 participants involved in 
building the WBS, so gathering around a computer screen won’t do the 
job. Neither will projecting the screen on an overhead LCD projector. 
The only way we have found that works consistently is to use Post-It 
notes, marking pens, and plenty of whiteboard space. In the absence 
of whiteboard space, you might wallpaper the planning room with flip
chart or butcher paper. You cannot have too much writing space. We 
have even used butcher paper and filled the four walls of the planning 
room and several feet of hallway outside the planning room. It is sloppy, 
but it gets the job done.
Two approaches can be used to identify the project activities. The first 
is the top-down approach; the second is the bottom-up approach.

NOTES

Top-Down Approach
The top-down approach begins at the goal level and successively partitions 
work down to lower levels of definition until the participants are 
satisfied that the work has been sufficiently defined. Once the project 
activities have been defined using the top-down approach, they will be 
defined at a sufficient level of detail to allow you to estimate time, 
cost, and resource requirements first at the activity level and then 
aggregate to. the project level. Because the activities are defined to 
this level of, detail, project time, cost, and resource requirements are 
estimated much more accurately.
Once the activities are described, you can sequence the project work 
so that as many activities as possible are performed in parallel, rather 
than in sequence. In other words, the list of activities can be sequenced 
so that the project duration (clock time needed to complete all project 
work) will be much less than the sum of all the times needed to complete 
each activity. We recommend two variations of the top-down approach. 
We have.used both in our consulting practices.

Team Approach
The team approach, while it requires more time to complete than the 
subteam approach discussed next, is the better of the two. In' this 
approach the entire team works on all parts of the WBS. For each 
Level 1 activity, appoint the most knowledgeable member.of the planning 
team to-facilitate the further decomposition of that part of the WBS. 
Continue with similar appointments until the WBS is. complete. This 
approach allows all members of the planning team to pay particular 
attention to the WBS as it is developed, noting discrepancies and 
commenting on, them in real time.
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When time is at a premium, the planning facilitator will prefer the 
subteam approach. The first step is to divide the planning team into 
as many subteams as there are activities at Level 1 of the WBS. Then 
follow these steps:

The planning team agrees on the approach to building the first' 
level of the Work Breakdown Structure.

The planning team creates the Level 1 activities.

A subject matter expert leads the team in further decomposition 
of the WBS for his or her area of expertise.

The team suggests decomposition ideas for the expert until each 
activity within the Level 1 activities meets the WBS completion 
criteria.

Note that the entire planning team decides on the approach for the 
first-level breakdown. After that the group is partitioned into teams, 
with each team having some expertise for that part of the WBS. It is 
hoped that they will have all the expertise they need to develop their 
part of the WBS. If not, outside help may be brought in as needed. Be 
careful not to clutter the team with too many people.
It is important, to pay close attention to each presentation and-ask 
yourself these.questions; Is there something in the WBS that I did not 
expect to see? Or is there something not there that I expected to see? 
The focus here is to' strive for a complete WBS. In cases where the 
WBS will be used for reporting purposes, the project manager must be. 
careful to attach lower-level activities to higher-level activities tq preserve 
the integrity of the status reports that will be generated.
As the discussion continues and activities are added and deleted from 
the WBS, questions about agreement between the WBS and the POS 
will occur. Throughout the. exercise, the POS should be posted on flip- 
chart paper and hung on the walls of the planning room. Each participant' 
should compare the scope of the project as described in the POS with 

' the scope as presented in the WBS. If something in the WBS appears 
out of scope, challenge it. Either redefine the scope or discard the 
appropriate WBS activities. Similarly, look for complete coverage of 
the scope as described in the WBS with the POS. This is the time to 
be critical-and carefully define the scope and work to accomplish it. 
Mistakes found now, before any work is done, are far less costly and 
disruptive than they will .be if found late in the project. The dynamic 
at work here is one of changing project boundaries. Despite all efforts 
to the contrary, the boundaries of the project are never clearly defined 
at the outset. There will always be reason to question what is in and

NOTES

1.

2.

3.

4.
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Project Management what is not in the project. That is all right. Just remember that the 
project boundaries have not yet been formally set. That will happen 
once the project has been approved to begin. Until then, we are still 
in the planning mode, and nothing is set in concrete.

NOTES
Bottom-Up Approach
Another approach to identifying the activities in the project is to take 
a bottomup approach. This approach is more like a brainstorming session 
than an organized approach to building the WBS,
The bottom-up approach works as follows. The first steps are the same 
as those for the top-down approach. Namely, the entire planning team 
agrees to the first-level breakdown. The planning team is then divided 
into as many groups as there are first-level activities. Each group then 
makes a list of the activities that must be completed in order to complete 
the first-level activity.
To do this, they proceed as follows:

Someone in the group identifies an activity and announces it to 
the group. If the group agrees, then the activity is written on a 
slip of paper and put in the middle of the table. The process 
repeats itself until no new ideas are forthcoming.
The group then sorts the slips into activities that seem to be 
related to one another. This grouping activity should help the 
planning team add missing activities or remove redundant ones. 
Once the team is satisfied it has completed the activity list for 
the firstlevel breakdown, the members are finished. Each group 
then reports to the entire planning team the results of its work.

4. Final critiques are given, missing activities added, and redundant 
activities removed.

WARNING; While this approach has worked well in many cases, there 
is the danger of not defining all activities or defining activities at too 
high or low a level of granularity. The completeness criteria that we 
define later in the unit are not ensured through this process. Our 
caution, then, is that you may not have as manageable a project as you

s •
would if you followed the top-down approach. Obviously, risk is associated 
with the bottom-up approach; if you do not have to take the risk, why 
expose yourself to it voluntarily? Unless there is a compelling reason 
to the contrary, we recommend the top-down approach. In our experience 
there is less danger of missing part of the project work using the top- 
down approach.

1.

2.

3.
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There are many ways to build the WBS. Even though we might like 
the choice to be a personal one that the project manager makes (after 
all, he or she is charged with managing the project, so why not allow 
him or her to choose the architecture that makes that task the easiest?), 
unfortunately, that will not work in many cases. The choice of approach 
must take into consideration the uses to which the WBS will be put. 
What may be the best choice for defining the work to be done may not 
be the best choice for status reporting. There is no one correct way to 
create the WBS. Hypothetically, if we put each member of the JPP 
session in a different room and ask that person to develop the project 
WBS, they might all come back with different renditions. That’s all 
right—there is no single best answer. The choice is subjective and 
based more on the project manager’s preference than on any other 
requirements. In practice, we have tried to follow one approach only 
to find that it was making the project work more confusing rather 
than simpler. In such cases, our advice is simply to throw away the 
work you have done and start all over again with a fresh approach. 
There are three general approaches to building the WBS:

Noun-type approaches. Noun-type approaches define the deliverable 
of the project work in terms of the components (physical or functional) 
that make up the deliverable. ' This approach is the one currently 
recommended by PMI.

Verb-type approaches. Verb-type approaches define the deliverable 
of the project work in terms of the actions that must be done to produce 
the deliverable. Verb-type approaches include the design-build-test- 
implement and project objectives approaches.

Organizational approaches. Organizational approaches define the 
deliverable of the project work in terms of the organizational units 
that will work on the project. This type of approach includes the department, 
process, and geographic location approaches. We have seen these approaches 
used in practice to create the WBS. Let’s take a look at each of these 
approaches in more detail.

NOTES

Noun-Type Approaches
There are two noun-type approaches:

Physical decomposition. In projects that involve building products, 
it is tempting to follow the physical decomposition approach. Take a 
mountain bike, for example. Its physical components include a frame, 
wheels, suspension, gears, and brakes. If each component is to be 
manufactured, this approach might produce a simple WBS. As mentioned
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reporting. As an example, think about rolling up all the tasks related 
to gears. If you were to create a Gantt chart for reporting at the 

summary level, the bar for the gears’ summary activity would start at 
the project start date. A Gantt chart is a simple graphical representation 

of the work to be done and the schedule for completing it. The Gantt 
chart' consists of a number of rectangular bars—each one representing 
an activity in the project. The length of each bar corresponds to the 
estimated time it will take to complete the activity. These bars are 
arranged across a horizontal time scale, with the left edge of the bar 

lined up with the scheduled start of the activity. The bars are arranged 
vertically in the order of scheduled start date. The resulting picture 
forms a descending stair-step pattern. That is, after all, where the 
detail tasks of doing design work would occur. The finish of the bar 
would occur at about the project completion date. That is where testing 

and documentation for the gears occurs. Using the summary Gantt 
chart as a status reporting tool for the gears doesn’t have much use. 
The bar extends from beginning to end of the time line. The same is 
true of all the other nouns mentioned. Showing all of them on a summary 
Gantt chart would simply look like the stripes on a prison uniform.

This type of WBS is initially attractive because it looks similar and, 
in fact, could be identical to a company’s financial Chart of Accounts 
(CoA). CoAs are noun-oriented because they account for the cost of 
developing things such as gears and brakes. A CoA should not be 
confused with the WBS.

The WBS is a breakdown of work; the CoA is a breakdown of costs. 
Most popular project management software products provide code fields , 
that can be used to link project task costs with accounting CoA categories.

Functional decomposition. Using the bicycle example, we can build 
the WBS using the functional components of the bicycle. The functional 
components include the steering system, gear-shifting system, braking 
system, and pedaling system. The same cautions that apply to the 
physical decomposition approach apply here as well.

NOTES

Verb-Type Approaches
There are two verb-type approaches:
Design-build-test-implement. The design-build-test-implement approach 
is commonly used in those projects that involve a methodology. Application 

systems development is an obvious situation. Using our bicycle example 

again, a variation on the classic waterfall categories could be used.
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The categories are design, build, test, and implement. If we were to 
use this architecture for our WBS, then the bars on the Gantt chart 
would all have lengths that correspond to the duration of each of the 

design, build, test, and implement activities and hence would be shorter 

than the bar representing the entire project. Most, if not all, would 
have differing start and end dates. Arranged on the chart, they would 
cascade in a stair-step manner, hence, the name “waterfall.” These are 
just representative categories; yours may be different. The point is 

that when the detail-level activity schedules are summarized up to 
them, they present a display of meaningful information to the recipient 
of the report.
Remember, the WBS activities at the lowest levels of granularity must 
always be expressed in verb form. After all, we are talking about work, 
and that implies action, which, in turn, implies verbs.
Objectives- The objectives approach is similar to the design-build- 

testimplement approach and is used when progress reports at various 
stages of project completion are prepared for senior management. Reporting 
project completion by objectives gives a good indication of the deliverables 

that have been produced by the project team. Objectives will almost 
always relate to business value and will be well received by senior 

management and the customer as well. There is a caveat, however. 
This approach can cause some difficulty because objectives often overlap. 
Their boundaries can be fuzzy. You’ll have to give more attention to 
eliminating redundancies and discovering gaps in the defined work.

NOTES

Organizational Approaches
The deployment of project work across geographic or organizational 
boundaries often suggests a WBS that parallels the organization. The 
project manager would not choose to use this approach but. rather 

would use it out of necessity. In other words, the project manager had 
no other reasonable choice. These approaches offer no real advantages 
and tend to create more problems than they solve. We list them here 

only because they are additional approaches to building the WBS.

Geographic. If project work is geographically dispersed (our space 

program, for example), it may make sense from a coordination and 
communications perspective to partition the project work first by geographic 

location and then by some other approach at each location.

Departmental. On the other hand, departmental boundaries and politics 
being what they are, we may benefit from partitioning the project first 
by department and then within department by whatever approach makes
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project work is under the organizational control of a single manager. 
Resource allocation is simplified this way. On the other hand, we add 
increased needs for communication and coordination across organizational 
boundaries in this approach.

Business process. The final approach involves breaking the project 
down first by business process, then by some other method for each 
process may make sense. This has the same advantages and disadvantages 
as the departmental approach but the added complication that integration 
of the deliverables from each process can be more difficult than in the 

former case. Again, no single approach can be judged to be best for a 
given project. Our advice is to consider each at the outset of the JPP 
session and pick the one that seems to bring clarity to defining the 
project work.

NOTES

Representing the WBS
Whatever approach you use, the WBS can be generically represented, 
as shown in Figure 2.33. The goal statement represents the reason for 

doing the project. The Level 1 partitioning into some number of activities 

(also known as chunks of work) is a necessary and sufficient set of 
activities. That is, when all of these first-level activities are complete, 
the project is complete. For any activity that does not possess the six 

characteristics, we partition it into a set of necessary and sufficient 
activities at Level 2. The process continues until all activities have 
met the six criteria. The lowest level of decomposition in the'WBS 

defines a set of activities that will each have an activity manager, 
someone who is responsible for completing the activity.

The lowest-level activities are defined by a work package. A work 
package is simply the list of things to do to complete the activity. The 
work package may be very simple, such as getting management to sign 

off on a deliverable. On the other hand, a work package may be a mini 
project and may consist of all the properties of any other project, 
except that the activity defining this project possesses the six criteria 

and need not be further partitioned.

Some examples will help clarify. Figure 2.34 is a partial WBS for building 

a house, and Figure 2.35 is the indented outline version (for those of 
you who prefer an outline format to a hierarchical graph). Both convey 
exactly the same information. Figure 2.36 shows the WBS for the traditional 
waterfall systems development methodology. For our systems readers, 
this format could become a template for all your systems development

/
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1. SITE PREPARATION
1.1 Layout
1.2 Grading
1.3 Excavation

2. FOUNDATION
2.1 Erect Forms
2.2 Pour Concrete
2.3 Remove Forms-

3. FRAMING
3.1 Floor Joists

3.1.1. Install First-Floor Joists
3.1.2, Install Second-Floor joists

3.2 Subfloorir^
3.2.1. Install First-Floor Subilooring
3.2.2. Install Second-Floor Subflooring

3.3 Stud Walls
3.3.1. Erect First-Floor Stud Walls
3.3.2. Erect Second-Floor Stud Walls 

3.4. Frame the Roof
4. UTILITIES 

4.1 Electrical
4.1.1. Do Rough-in Work
4.1.2. Get Building Inspection
4.1.3. Do Finish Work'

NOTES

4.2 Gas
4.2.1. Do Rough-in Work
4.2.2. Get Building Inspection
4.2.3. Do Finish Work

5. Walls
5.1 Hang Sheetrock
5.2 Tape and Bed

6. ROOFING
6.1 Install Sheathing
6.2 Lay Shingles

7. FINISH WORK
7.1 Install Cabinets
7.2 Install Appliances
7.3 Install Furnace
7.4 La}' Carpet
7.5 Paint Walls and Molding
7.6 Hang Wallpaper
7.7 Lay Tile

8. LANDSCAPING

\

Fig. 2.34. Indented outline WBS for a house.
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Systems Development Project

DesignDefinition Implementation

State objectives ProgrammingFunctional
NOTES

Construct code 
Construct unit test 
Construct ICL 
Construct system test

Source codeClarify request Identfy interfaces

Establish objectives Design I/O (CL

Identify key issues Spec audits/controls Documentation

Confirm specs Gel approval- Define requirements

Technical InstallationObtain current doc.
pFinaiize test plan

- -Create test data 
I—Corvluct test

_[—Conduct operatfons training 
"^Conduct user training

pFinalize plan
- -Convert data

Cut-over to production

Define new reqmts. Define program 
specs

Testing

Choose SDIV1 Prepare system flow Training

Get Approval Convert data

Cut-overBuild integration 
test plan

Get approval
Get approval

Operation

Operate system

Establish plan 
Review performance•€Review

Audit

Get approval

Fig. 2.35. WBS for a waterfall systems development methodology.

2.11 HUMAN RESOURCES AND PROJECT
ORGANIZATION: FORMAL ORGANIZATION 

STRUCTURE

Concepts of organizational structure apply to all kinds of organizations—^ 
companies, institutions, agencies—as well as to their subunits—divisions, 
departments, projects, teams, and so on. Formal organization structure 
is publicized in a'chart such as the one for NASA in Figure 2.36; a 
quick glance reveals both the organizational hierarchy and groupings 
for specialized tasks. By looking at the chart in Figure 2.36, for example, 
one can see

I

1. The range of activities in which the organization is involved 
and the major subdivisions of the organization (space flight, space 
sciences, aeronautics and space transportation technology, space 
flight, etc.).
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Project Management 2. The management hierarchy and reporting relationships (e.g., 
the directors at Ames, Lewis, and Langley all report to the 
associate administrator for aeronautics and space technology).

3. The type of work and responsibility of each subdivision (e.g., 
projects at research centers focus on specific disciplines or technical 
goals such as space science, aeronautics and space transportation 
technology, space flight, and so on.)

4. The official lines of authority and communication (the administrator 
is the highest' authority, the deputy administrator is the next 
highest, and so on; communication moves formally along the 
lines from one box to the next, up or down).

There are many things the chart does not show. For example, it does 
not show informal lines of communication and personal contacts whereby, 
for example: workers at Jet Propulsion Lab talk directly to workers at 
Ames Research Center on the telephone, not (as the chart implies) via 
the directors of these centers, nor does it indicate areas of status and 
power''(that develop at lower levels. Nonetheless, the chart does give

. I

a fundamental overview of elements and relationships of the formal 
organization, and in this way it is useful.

NOTES

Human Resources
There is no “best” kind of organization structure. The most appropriate 
structure depends on the organization’s goals, t5rpe of work, and environment. 
Organization structures typically develop through a combination of 
planned and evolutionary responses to ongoing problems. Organizations 
create specialized roles and units, each with suitable expertise and 
resources needed to deal with certain classes of situations and problems 
efficiently. As organizations grow or the environment changes, additional 
subdivisions and new groupings are implemented to better handle new 
situations and emerging problems. For example, as a company increases 
its product line, it may subdivide its manufacturing area into product- 
oriented divisions to better address problems specific to just one product 
line. As a company expands its sales territory, it may subdivide its 
marketing force geographically to better handle problems of regional 
origin. This subdivision into specialized areas is called differentiation.

Obviously, subunits of an organization do not act as independent entities 
but must interact and support each other. The degree to which they 
interact, coordinate, and mutually adjust their actions to fulfill 
organizational goals is called integration.
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Fig. 2.36. NASA organization and program chart.

Traditional Forms of Organization
How an organization is subdivided is referred to as the basis for 
differentiation. The six bases for differentiation are functional, geographic 
product, customer, process, and project. The project form will be discussed 
in detail. First, however, we will look at the other five “traditional” 
forms of differentiation and the way subunits in each are integrated. 

Functional Differentiation. The functional form of organization is 
so called because it is divided into functional subunits such as marketing, 
finance, production, personnel, and research and development; the structure 
of the Iron Butterfly Company in Figure 2.37 is an example. Most of 
the integration between subunits is handled by rules, procedures 
coordinated plans, and budgets. When discrepancies occur that cannot

)

)
/
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be resolved by these integrative measures, the managerial chain of 
command takes over. When a problem involves several subunits, it is 
collectively resolved by managers of all subunits affected. This form of 
organization works well in repetitive, stable environments because 
there is little change, and the rather low level of integration afforded 
by rules, procedures,
and chain of command gets the job done. The functional form has a 
long history.
The Roman army was an early organization that used functional 
differentiation, rules and procedures, and chain of command. The functional 
form remains today as the most prevalent basis for organization structure.
Geographic Differentiation. Most organizations have more than one 
basis for differentiation. The Roman army was also geographically 
differentiated; that is, structured according to region or location. 
Organizations subdivide according to region (e.g., Atlantic, Mid-Western, 
and Pacific states; European branch; Far East command; etc.) to tailor 
themselves to the unique requirements of local customers, markets, 
suppliers, enemies, and so on. Within each geographic subunit, functional 
differentiation is often retained. Regional subunits may operate relatively 
autonomously with little integration between them. Integration is usually 
achieved through standardized accounting and reporting procedures, 
simplifying upper management’s need to monitor the subunits.

/
Product Differentiation. Firms that produce a variety of products 
use productbased differentiation. Corporations Such as General Motors, 
General Foods, and General Electric are split into major subdivisions 
wherein each designs, manufactures, and markets its own product line. 
Within each subdivision is a functional, geographic, or other form of 
breakdown. As with geographically differentiated organizations, integration 
between product subdivisions tends to be limited to standardized financial 
and reporting rules and procedures.
Customer Differentiation. Organizations may also differentiate by 
customer type. For example, companies with large military sales often 
establish a separate division because federal requirements for proposals, 
contracting, and product specifications differ substantially from those 
for comniercial customers. The level of integration between customer 
divisions depends on the degree of interdependency between their 
product lines; typically, however, integration is low.
Process Differentiation. In the process differentiated form, some 
logical process or sequence of steps (e.g., design, then development, 
then assembly, then inspection, etc.) is the basis for differentiation. 
Such a basis is used for the subunits in the fabrication department of

Project Management

NOTES

66 Self-Instructional Material



Project Planning 
and Scheduling

Iron Butterfly, shown in Fignjre 2.37. A higher level of integration is 
required among process differentiated subunits because they are sequentially 
related and problems in one area directly impact the other areas. 
These subunits tend to rely on coordinated plans and schedules as the 
primary means of integration. Other means such as task forces and 
teams are necessary when unanticipated problems arise or as task 
uncertainty increases.

NOTES

Iron
Bottertly

r I I I
MarketingFabrication Finance Design Personnel Procurement

I
I 1 I

DrawingAssembly Inspection Hardware Purchasing Subcontracting

Packaging Software

Fig. 2.37. Formal organization structure for Iron Butterfly Company 
showing functional breakdown.

Drawbacks of Traditional Forms of Organization
By their very design, traditional forms of organization can address 
only certain anticipated, classifiable kinds of problems. As the environment 
changes and new kinds of problems arise, they react by further 
differentiating subunits and adding more rules, procedures, and levels 
of management. The price they pay for adding layers of management, 
rules, procedures, and subunits is less flexibility and greater difficulty 
in integrating subunits.

Most traditional organization forms work on the assumption that problems 
or tasks can be neatly classified and resolved within specialized areas. 
Thus, subunits in traditional forms tend to work independently and 
toward their own goals. When a problem arises that requires participation 
from multiple subdivisions, there may be no person or group to see 
that it gets resolved. Such problems fall through the cracks. One way 
to handle unanticipated, unclassifiable problems is to adapt (redesign) 
the organization whenever they arise. However, the process of adapting 
organization structure to suit unique problems is slow and expensive, 
reflecting both the inertia of systems as well as peoples’ resistance to 
change. The alternative to redesign is to bump problems up the chain 
of command. This works as long as it is not done too often because 
when the number of unanticipated problems becomes large, the chain 
of command gets quickly overloaded. Management’s response to overload 
is to add more managers and more staff groups, which adds to the size 
of the management structure and eventually makes the organization 
even less flexible. In short, traditional organizations are not well suited 
for environments where there is high uncertainty and'frequent change.
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ORGANIZATIONS
Project environments are characterized by complexity, change, uncertainty, 
and unpredictability. Projects typically require the resources and coordinated 
work effort of multiple people, subunits, and organizations. Each project 
is a new undertaking to satisfy a new goal. Subunits must work together 
to estimate their resource requirements, combine the requirements into 
a coordinated plan, and conduct work according to that plan. Changes or 
mistakes in one area have consequences on all others. Because each 

'.project is unique and may have no precedent, uncertainty is inherent. As 
the size of the project increases so do the number of subunits involved 
and the potential for errors or mistakes. Projects in advanced technologies 
such as software development, pharmaceuticals, biomedicine, space e:q)loration, 
and product and weapon systems development routinely encounter the 
unexpected. As a result, they need to be adjustable to changing goals and 
environmental forces, and deal with the uncertainty that accompanies 
these changes. They must be, in a word, organic, which means highly 
differentiated to accommodate a large variety of potential problems, highly’ 
integrated to respond rapidly to situations and problems that require 
involvement of multiple subunits, and highly flexible to alter structure 
as goals change.
To achieve this, all project organizations have two properties:

• They integrate subunits using horizontal relations.

• They have organization structures differentiated to suit the unique 
requirements of the project and the environment.

NOTES

2.13 INTEGRATION OF SUBUNITS IN PROJECTS
Traditional organizations are characterized by their verticalness, or reliance 
upon up and down patterns of authority and communication. As mentioned, 
this makes them clumsy, slow, and ineffective in dealing with situations 
with rapid change and high uncertainty. In contrast, project organizations 
are characterized by their horizontalness or use of direct communication 
between the parties involved in a problem. Horizontal relations cut across 
lines of authority and move decisions to the level of the parties affected. 
All organizations have horizontal relations, most in the form of personal 
contacts, informal relationships, and friendships. These contacts are 
particularly helpful for expediting communication and getting problems 
resolved between subunits. For example, whenever the assembly department 
in Figure 2.37 experiences a minor parts shortage, George, the assembly 
foreman, phones Helen in purchasing for a “rush order” favor^ The call
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bypasses the formal structure.(George and Helen’s respective managers) 
and speeds up the ordering procedure.
The drawback with informal processes such as this is that they do not 
ensure everyone who needs to know is involved, or that everyone who 
participates gets the necessary information. For example, Helen must 
charge all purchases to an account, but if George is not privy to the 
dollar amount in the account it is possible that his in formal requests 
will deplete the account before additional funds can be credited (which 
involves a third party). Also, if George does not tell anyone else about 
the parts shortages, the reason for the problem—pilferage, defective 
parts, or underordering— never gets- resolved. George’s requests might 
be too late. In short, informal processes do not always occur when 
needed and are not fully adequate. Project organizations improve upon 
informal, personal contacts by incorporating horizontal relations into 
the formal structure. They do this through the use of functions referred 
to as integrators. Integrators reduce the number of decisions referred 
up the chain of command and facilitate communication between units 
working together on a common task. Like informal processes, integrators 
bypass traditional lines of authority and speed up communication. They 
are better, however, because they ensure that everyone affected by a 
problem is involved and has the necessary information. Several kinds 
of integrators are used in projects. They are listed in order of increasing 
authority, heed, and cost. In the following list, the latter kinds take on 
all the authority and responsibility of the former kinds.

• Liaison role

• Task forces and teams

• Project expeditors and coordinators

• Project managers

• Matrix managers

• Integrating contractors

NOTES

2.14 LIAISON ROLES, TASK FORCES, AND 

TEAMS
The liaison role is designated to a specialized person or group that 
links two departments at lower levels, Figure 2.38, for example, shows 
the purpose of the liaison role of “inventory controller.” In addition to 
performing other duties in the assembly department, this person links 
the assembly and purchasing departments by notif3dng purchasing of 
impending shortages and keeping track of orders placed. The role 
relieves the assembly foreman of this responsibility and, by legitimizing
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Project Management the process, ensures that orders get placed and are documented. However, 
the liaison role is not always effective. Though the inventory controller 
in the example expedites parts ordering, the reason for part shortages 
goes unresolved. To unravel the problem it is necessary to involve 
people from other areas of the company. This is where the next kind 
of integrative function, an interdisciplinary task force or team, comes 
into play.
A task force is a temporary group of representatives from several areas 
that meets to solve a problem. For example, when a shortage problem 
occurs, the assembly foreman might call together liaison people from 
inspection, accounting, purchasing, marketing, or other areas that should 
be involved. The task force meets once, several times, or as needed, 
and after the problem is worked out it disbands. The most effective 
task forces are short-lived and typically have 10 members or less. To 
be effective, members of the task force must have information relevant 
to the group task and the authority to make commitments for their 
functional areas. If they lack information, the group’s decisions will be 
faulty; if they lack authority, they will be unable to take action on 
decisions. Departments which do not have people with the knowledge 
and authority to serve on task forces may have to restructure themselves 
to develop such positions.
Problems which are novel and need continuous coordinated interaction 
of subunits require the attention of permanent teams. Teams have the 
same characteristics as task forces except they convene on a regular 
basis and for longer periods of time. For example, if the Iron Butterfly 
Company produces several products, and each requires repeated design 
changes throughout the year then representatives from design, fabrication, 
procurement, and other areas would have to meet as a team on a 
frequent basis.
Only through repeated face-to-face association would the team be able 
to coordinate decisions about changes in market conditions and product 
design. Members may be assigned to teams part-time or full-time. In 
projects there are many kinds of teams; some convene during just one 
stage of the project life cycle, others for the full duration of the project.

/
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Fig. 2.38. Liaison role linking assembly and purchasing departments.
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One kind of permanent team in development projects is the change, 
board, the multifunctional team that meets every week to discuss and 
approve changes in design. Organizations are created around people, 
not the reverse. Therefore, it is sometimes difficult to find people 
with the knowledge, authority, and inclination to serve on multifunctional 
teams. People develop attitudes and goals oriented toward their 
specialization, and though this helps them to be effective in their own 
functional area, it restricts their ability to interact with people from 
other areas. For interdisciplinary teams to be effective, it is essential 
that members are aware of other peoples’ functional orientations and 
receptive to their opinions and attitudes.

NOTES

2.15 PROJECT EXPEDITORS AND 

COORDINATORS

Teams form the core of project organizations. The simplest projects 
consist of one team within a single functional area. A task force created 
to solve a special problem or answer a particular question is one t5T)e 
of project organization. The most complex projects are performed by 
consortia of multifunctional teams from numerous contractors, 
subcontractors, and users. Tens or hundreds of teams are created and 
dissolved through out the systems development cycle. Despite the many 
ways to structure project teams and multiteam project organizations, 
the one feature common to them all is emphasis on integration. In 
project management, the leader’s primary role is integration.

The simplest kind of project organization is a single, small group of 
people, a task force or team formed on a full—or part-time basis to 
perform an assignment. This kind of organization is used in projects 
that are important enough to warrant “disrupting” the existing organization. 
Project groups such as this can exist inside one functional area or 
span over several functional areas.

Projects within One Functional Area
It makes sense that a project that affects or is the responsibility of 
only one functional area should be located in that area. For example, 
a project to survey customer attitudes about a new product would 
ordinarily be placed within the marketing department because the 
necessary resources and expertise are located there. The team does 
all the tasks itself—it prepares the survey questionnaire, obtains mailing 
lists, distributes the survey, and processes the results. With few exceptions, 
these can be done by members inside the marketing department. Project 
teams such as this are managed by a project expeditor, a staff assistant 
selected by the manager of the area wherein the project lies.
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Project Management The expeditor coordinates decision making, monitors schedules, makes 
suggestions, and keeps the executive apprised. The expeditor typically 
has no formal authority over team members and so must rely on persuasion, 
personal knowledge, and information about the project to influence team 
members. A single team, project expeditor organization is shown in Fig. 2.39.NOTES

Multifunctional Project Teams
An example of a project that might use a multifunctional team is one for 
the development of an enterprise resource planning (ERP) system. ERP 
is a company or corporate wide system that ties together information 
about forecasting, order entry, purchasing, and inventory with functions 
such as accounting, finance, and human resources. This team would include 
representatives from all the departments that, would provide inputs to 
the system or would utilize its outputs, such as accounting, inventory 
control, purchasing, manufacturing, engineering, and information technology. 
Sometimes representatives from suppliers and customers are also on 
this team. The team is responsible for establishing the system requirements 
and overseeing the development and installation of the system. Multifunctional 
teams such as this are typically used on projects that are large but that 
do not require the resources to merit a complete reorganization.
One of the best places to use multifunctional teams is in product develojjment. 
By using closely knit teams of engineers, designers, manufacturers, 
assemblers, marketers, lawyers, suppliers, dealers, and customers, phases 
of the systems development cycle usually done sequentially can be done 
simultaneously. This approach, called concurrent engineering, eliminates 
cross-functional barriers and can result in higher quality and lower cost. 
A good example is the Ford team that created Sable and Taurus. The 
team not only came up with car models that won quality and design- 
excellence awards, but they did it for half a billion dollars under the 
proposed development budget.
The multifunctional project team may be located either in the functional 
area most responsible for the project or at a higher-level position, such 
as reporting to the general manager as shown in Figure 2.40. The later 
arrangement imputes greater importance to the project and improves

Iron Butterfly 
General manager

I project
expeduior
(—[PM

r
VP~ 1 V.P I V.P [V.P VP

FaOiioalion Finance Design Personnel Procurement

Marketing Projea 
__________r teaiTi

PT represents members of Marketing assigned to the project team.

Fig. 2.39. Project within a single functional department.
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coordination between the areas involved. The person managing such a 
project is designated the project coordinator. Though this person has no 
line authority over team members, he does have authority to make and 
execute decisions about project budgets, schedules, and work performance. 
Besides the high-level position of reporting to the general manager, the 
coordinator’s influence, like that of the expeditor, originates in his 
project knowledge and being placed at the center of everyone involved.

NOTES
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PT represents members from various functional areas assigned to the project team.

Fig. 2.40. Multifunctional project team.
•n

2.16 PURE PROJECT ORGANIZATIONS

Projects that entail high-level complexity, major resource commitments, 
and heavy stakes in the outcome require a. pure project form of orgeinization. 
A pure project is a separate organization, similar to another company, 
especially created for and singularly devoted to achievement of the 
project goal. Whatever the project must have to afford it the highest 
priority—all necessary humah and physical resources—is incorporated 
into the pure project organization. These organizations are able to 
react quickly to changing demands of the environment, the user, and 
the parent organization. They rely heavily on the use of liaisons, task 
forces, and teams.
Heading the pure object organization is the project manager. Unlike 
the coordinator, the project manager has full authority over all people 
and physical resources assigned to the project and, thus, maximum 
control. For those areas which cannot be placed under her control, the 
project manager has authority to contract out for resources, both from 
internal functional areas as well as from external subcontractors and 
suppliers. The pure project manager is involved in the project from 
start to finish: During proposal preparation, she prepares forecasts, 
requests plans from functional areas, and reconciles discrepancies among 
plans; after acceptance, she allocates budgeted money to buy resources
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and hire personnel; during the project, she allocates resources and 
approves all changes to requirements and the project plan. When personnel 
must be “borrowed” from functional areas, she is the one who negotiates 
to get the best people.
When resources are not internally available, the project manager heads 
selection of and negotiations with subcontractors. She oversees their 
work and coordinates it with other work being done.

Project Management

NOTES
\\

Pure Project Variations
Three common variations of the pure project structure are the project 
center, the standalone project, and the partial project. In the project 
center, the structure of the parent organization remains the same except 
for the addition of a separate “project arm” and project manager. This 
form is shown in Figure 2.41 for the Logistical On-line (LOGON) project. 
Resources and personnel are borrowed from functional and staff areas 
for as long as needed. General Motors used a project center when it 
chose 1,200 key people from various divisions for the task of determining 
how to downsize all of its automotive lines. The project center developed 
suggestions, turned them over to the automotive divisions for 
implementation, and then disbanded. In another corporation, a project 
center was used to oversee the relocation of its offices. By creating a 
relocation—project center to work full-time on the tricky problems of 
relocation, the rest of the organization was able to continue its work 
as usual.

Iron Butterfly 
General manager

LOGON
Project manager

I iI V.P. VP. VP
Customer

service fabrication Design ProcurementDesign

V^vpI
Fabrication Procurement Finance MarvelingPersonnel

Fig. 2.41. Pure project as an “arm” to the functional organization.

The stand-alone project is an organization created especially for the 
purpose of accomplishing the project. It does not represent only one 
organization but consists of members from several participating 
organizations. It is typically used for large-scale government or public 
works projects that involve one or more prime contractor, dozens of ' 
subcontractors, and hundreds of smaller supporting organizations, suppliers, 
and consultants. The international space station development program, 
Quebec’s LaGrande hydroelectric complex, the English Channel Tunnel
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(Chunnel), and China’s Three Gorges projects are examples. When 
these projects are completed, an operating function remains but the 
rest of the organization is dissolved. Stand-alone, projects are discussed 
later in this unit in the sections on integration in large-scale projects 
and concurrent engineering.
In a partial project, the functions critical to the project (such as construction 
or engineering) are assigned to the project manager yet other, support- 
oriented functions (such as procurement and accounting) remain with 
the functional areas. In Figure 2.41, for example, the project manager 
might only control design and fabrication, yet the areas of .finance, 
marketing, and personnel give functional support. The manager of a 
partial project has direct control over all major project tasks, but he 
also receives assistance from support areas in the parent company 
over which he does not have control.

NOTES

/

Disadvantages
The chief disadvantage of the pure project organization is its cost to 
the parent organization and project personnel. Because each pure project 
is a completely or partially independent organization, it must be fully 
or substantially staffed, Each project becomes a self-contained empire; 
between projects there is often little sharing or cross utilization of 
resources. Companies with multiple pure projects may incur considerable 

^..dij^lication of effort and facilities.

To reduce the risk that resources will not be available when they are 
needed, project organizations must begin acquiring them in advance. 
The author was one of dozens of engineers hired in anticipation of a 
large government contract to ensure that the project could begin as 
soon as the contract was signed. However, the contract was never 
awarded and so eventually everyone assigned to the project was transferred 
elsewhere or laid off. The payroll loss alone amounted to hundreds of 
man-months. This su^ests still another expense: outplacement of personnel. 
Whenever there is no follow-up work to a project, the organization 
faces the problem of what to do with its workforce. Personnel on long
term projects become so highly specialized that it is difficult to place 
them in other projects requiring more generalized or up-to-date skills. 
Companies add to the cost when they delay breaking up the organization 
in hopes of acquiring new work. When there is no follow-up work, the 
only option is to release workers and sell facilities.
Pure project organizations are strictly temporary, and as the work 
draws to a close the uncertainty about the fate of the team leads, 
understandably, to a decline in morale and enthusiasm. Project managers 
may become so preoccupied with generating new contracts, extending 
old contracts, or finding jobs for themselves and the team that they 
neglect the project they are currently trying to complete.
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Although the pure project form often provides the only way to do a 
large-scale, one-time project, its disadvantages make it impractical for 
businesses that continually operate on a project basis. Examples of such 
businesses include architecture and construction, where every building, 
bridge, dam, or highway is a new project; product development, where 
every product concept, design, manufacture, and promotion is a new 
project; information technology, where every hardware and software 
installation is a new project; law and accounting, where every case and 
audit is a new project; and aerospace, where every new aircraft and 
space system is a project. Though some of these projects are small enough 
to be handled by task forces or teams, most cannot because they are too 
large, too complex, and have too much at stake. In addition, most of 
these businesses are multiproject organizations, meaning they are involved 
in more than one project at a time. They need the capability to quickly 
create large project groups without the personnel and cost disadvantages 
associated with pure project organizations.

To achieve this capability a new form of organization was evolved. First 
adopted in the aerospace industry by such firms as Boeing and Lockheed- 
Martin, it is called the matrix. The matrix, shown in Figure 2.42, is a 
grid-like structure of authority and reporting relationships created by 
the overlay of a project organization on a traditional, functional organization. 
This overlay gives the matrix three unique capabilities. First, the function^ 

part provides the repository for the technical expertise and physical 
resources needed by the project. The project manager creates a project

NOTES
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Fig. 2.42. Matrix form of project organization.
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group by negotiating with functional managers and then “borrowing” 
the expertise and physical resources needed for the project. Each project 
is composed of workers who are on loan to work together as a team 
during the course of the project. Because the same workforce is time- 
shared among several projects, duplication of effort is reduced.
Second, while in their "functional homes” workers associate with colleagues 
in their fields of specialization; this not only keeps them current in 
their profession or trade, but makes them more assignable to new 
projects. Each functional area has, at a given time, many individuals 
who are working on different projects. Sharing ideas and exchanging 
points of view makes them more effective in their respective projects.
Third, when individual assignments are fulfilled or a project completed, 
workers return to their functional homes for a new assignment. Large 
fluctuations in the workforce and in worker morale and anxiety are 

' thus reduced.
The primary effort of the project manager in the matrix (sometimes 
called the matrix manager) is integration. Typically, the project manager 
is considered to be on the same hierarchical level as functional managers. 
Functional managers provide the necessary technical counsel, advice, 
and support; the project manager integrates and unifies efforts of various 
functional areas to meet project goals, The project manager works 
with functional managers to accomplish the project..
The matrix makes it easy to create unique organizations to accomplish 
particular goals. It shares the virtue with the pure project organization 
of having dedicated resources and a project manager to give the project 
priority. In multiproject organizations the matrix makes it easier to 
balance schedule and resource requirements among several projects at 
once. The prioritizing and balancing of resources between projects is 
the responsibility of the manager of projects, shown as the “vice president 
of projects” in Figure 2.43. The manager of projects attends to the 
short- and medium-term requirements of current and upcoming projects 
and relieves top management of most project operations responsibility.

NOTES

Problems with Matrix Organizations
The strong point of the matrix organization—its combined vertical- 
horizontal structure— is at the same time the root cause of its problems. 
The matrix is not just a structure but a whole different way of doing 
things. To be successful it must be reinforced by information systems 
and managerial behavior that support two-dimensional information 
flow and dual reporting relationships.
Many organizations have tried the matrix and found it impossible to 
implement.. Most organizations are accustomed to hierarchical decision

Self-Jn$tructioT\ai MaUrial 77* u



Project Management

Project manager

I; I
Project engineer

NOTES
Configuration
management

Systems
engineering

Planning 
and controi

Contract
administrator

Project
controiler

—Identification
— Change controi
— Documentation

—V\tork breakdown 
stnjcture

—Work packages 
—PERT and networks 
—Scneduling 
— Status reporting

—Systems analysis 
—System definition 
—Design requirements 
—Specifications

Accounting Design Quality control Field operations
♦ 4

Purchasing Marketing Manufacturing Personnel
T t • ♦

Project representatives to functional departments 
(often these remain as members of their functional areas)

Fig. 2.43. Location of the vice president of projects in a matrix organization.

making and vertical information flow. With its emphasis on horizontal 
relations, lateral information flow, and decentralized decision making, 
the matrix is clearly contrary. It superimposes a lateral system on a 
functional system, so that companies adopting the matrix must add 
horizontal information processing systems to existing vertical accounting 
and command systems. This can be done, but it tends to be somewhat 
complicated and expensive. In human terms, the major drawback of 
the matrix is that it induces conflict. Theoretically, the two-dimensional 
structure promotes coordinated decision making among functional areas 
and enables tradeoff decisions to be made for the benefit of the'project. 
It assumes that both functional-technical and project-related issues 
have equal priority, and that a balance,of power exists between functional 
and project managers.

Often, however, authority in the matrix is unclear and functional and 
project managers jockey to control one another. Functional managers 
control project resources, but project managers seldom have control 
over functional managers. In multiproject organizations additional conflict 
arises over which project gets priority and which project manager gets 
the best resources. Because each worker in the matrix has two bosses, 
one functional manager and one project-matrix manager, the matrix 
violates a major principle of management: single, scalar chain of command. 
The project manager directs the worker on a project, but the functional 
manager evaluates the worker’s performance. The inevitable result is
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role conflict and confusion over allegiance to the project manager or 
to the functional manager.

The matrix strives to give equal priority to functions and projects, but 
sometimes both get short-shrifted. For workers to avoid chaos and 
confusion in the matrix, everyone must have a common reference. For 
this to happen, organizations must establish clear, stable values and 
priorities. At Boeing, for example, which has used the matrix successfully 
for many years, priorities are established day-to-day: People operate 
either in a project team or in a functional area. Whichever they are in, 
that is the one on which they put priority. Any attempt to adopt the 
matrix must be accompanied by both attitudinal and cultural change.

Project Planning 
and Scheduling

NOTES

2.18 SELECTING A PROJECT FORM
Although project managers seldom have the responsibility for designing 
the organizations they lead, they can offer suggestions to the managers 
who do. It is impossible to state which form is always best, but general, 
criteria can help decide the most appropriate form for a given project. 
The approximate applicability of different project organization forms 
base(i upon four criteria;

• Frequency of new projects {how often, or to what degree the 
parent company is involved in project-related activity),

• Duration of projects (how long a typical project lasts).
i'

• Size of projects (level of human, capital, or other resources in 
relation to other activities of the company).

• Complexity of relationships (number of functional areas involved 
in the project and degree of interdependency).

Matrix and pure project forms are more applicable to projects of medium 
and higher complexity and of medium or larger size. These kinds of 
projects have greater resource and information requirements and need 
project.managers and integrators with strong central authority. In 
particular, the matrix works best where there are a variety of different 
projects going on at once and where all can share functional resources 
on a part-time basis. In contrast, when there is less variety between 
projects, when specialists must be devoted full-time, and when complete 
project authority is desired, then the pure project form is better. Both 
forms are applicable when projects, are an organization's “way of life,” 
although they can also be applied temporarily,'to infrequent, one-shot 
projects when the stakes are high. As mentioned, the complexity of
the matnx and the enormous human and facility requirements of the/ /
pure project can present major problems for the parent company, therefore
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Project Management both should be avoided when simpler forms would work as well. For 
smaller projects involving several functional areas, task forces and' 
teams that link functional areas are more appropriate. Short-term projects 
inoneor a few functional areas can be effectively handled by part-time 
task forces managed by expeditors in one functional area. When several 
areas are involved, a multifunctional task force with a coordinator 
who reports to the general manager is more suitable. Projects of longer 
duration, but small in scope and low in complexity, are best handled 
by full-time project teams with coordinators. When the team size needed 
to accomplish the task becomes large and interrelationships become 
too complex, then a temporary matrix or partial project should be set 
up. Teams, task forces, and project centers are appropriate when the 
existing structure and work flow of the organization cannot be disrupted.
In selecting a project form, consider the relative importance of the 
following criteria: the stake of the project, the degree of technological 
uncertainty, the criticalness of time and cost goals, and the uniqueness 
of the project. For example, task forces and teams are generally appropriate 
when the project task involves high certainty and little risk, and when 
time and cost are not major factors. When the risk and uncertainty is 
great, when time and cost goals are critical, or when there is much at 
stake, matrix and pure project forms better afford the obligatory high 
level of integration and control.
When a project differs greatly from the normal business of the firm, it 
should be made a partial or full pure project. These considerations all 
relate to the project, which, in fact, is less important at times than 
attributes and experiences of the parent company. For example, matrix 
and pure project forms are seldom used in small organizations, which 
usually don’t have sufficient resources and managers to commit. Top 
management’s attitudes about how much responsibility and authority 
is appropriate for the project manager also determines the appropriate 
form of organization by dictating the allowable degree of centralized 
project control. The most important factor is the company’s experience 
with projects and management’s perception of which project forms 
work best. Firms with little project experience should avoid the matrix 
because it is so difficult to adopt. Faced with a complex project, they 
might do better by adopting a partial or project center approach. Project 
organization structures are not cast in concrete, though sometimes 
they are treated as if they are. When a project organization becomes 
ineffectual, it should be changed. Although restructuring causes 
consternation and confusion in the short run, whatever changes are 
necessary should be made to adapt the structure to the project requirements 
and resources. At Microsoft Corporation, for example, the organization 
of development projects is structured to mirror the products they produce.

NOTES
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COST ESTIMATING
The initial cost estimate can seal a project’s financial fate. When project 
costs are overestimated (unrealistically high), chances are good that 
the contract will be lost to a lower bidding competitor. Just as harmful 
is when the cost is underestimated. A $50,000 bid might win the contract, 
but obviously the project will lose money if it ends up costing $80,000. 
Underestimates are often accidental, the result of being overly optimistic; 
however, they are sometimes intentional as a result of trying too hard 
to beat the competition. In a practice called huy in, the contractor 
takes an initially realistic estimate and reduces it just enough to win 
the contract, hoping to cut costs or renegotiate higher fees after the 
work is underway. The practice is risky, unethical, and, sadly, relatively 
commonplace.
A very low bid signifies more than the desire to get a contract. It may 
imply that the contractor cut corners, left things out, or was just sloppy. 
The consequences for both client and contractor can be catastrophic, 
from operating at a loss to going bankrupt. Cost estimates are used to 
develop budgets and become the baseline against which project performance 
is evaluated. The rate of actual cost expenditure compared to the estimated 
rate of expenditure (as indicated on the budget) is an important measure 
of project work performance; thus throughout the project actual costs 
are continuously compared with estimated, budgeted costs. Without 
good estimates it is impossible to evaluate work efficiency or to determine 
how much the finished project will cost.

NOTES

2.20 COST ESCALATION
Accurate cost estimating is sometimes a difficult task, largely because 
it begins during project conception, well before all necessary, final 
information about the project is available. The less well-defined the 
project, the less information there is, and the greater the chances that 
the estimated costs will substantially differ from final, actual figures. 
As a rule, the difference will be on the side of a cost overrun. The 
amount by which actual costs increase to overrun the initial estimated 
costs is referred to as cost escalation. .
Some escalation can be expected; up to 20 percent is relatively common. 
Usually the larger and more complex the project is, the greater the 
potential for escalation. Cutting edge, high-technology, and R&D projects 
frequently show cost escalations upwards of several hundred percent. 
The Concorde supersonic airliner cost more than five times its original
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estimate, nuclear power plants frequently cost two to three times their 
estimates, and NASA spacecraft often exceed estimates by a factor of 
four to five. How does this happen? The following reasons are listed— 
many are avoidable, some are not:

• Uncertainty and lack of accurate information

• Changes in design^ or requirements

• Economic and social variables in the environment •

• Work inefficiency, poor communication, and lack of control

• Ego involvement of the estimator

• Kind of project contract

Project Management

NOTES

Uncertainty and Lack of Accurate Information
Much of the information needed to make accurate estimates is simply 
not available when early cost figures are first developed. In NASA, for 
example, lack of well-defined spacecraft design and unclear definition 
of experiments is the principal reason for cost overruns. Not until 
later, when the design is finalised and work activities are well defined 
(usually during the definition phase or later) can material and labor 
costs be accurately determined. In most research and development 
projects the activities are unpredictable, of uncertain duration, or must 
be repeated. To minimize escalation from uncertainty, management 
must strive for the most definitive scope of work and the clearest, 
most specific project objectives. The clearer the objectives, scope, and 
work definition, the better the requirements definition, and the eaaier 
it is to make accurate cost estimates.
Whenever major changes in product design or project schedule are 
needed due to, for example, changes in state of the art or product 
concept, developmental barriers, strikes, legal entanglements, or 
skyrocketing wage and material costs—then the original cost estimate 
should be updated. This revised estimate then becomes the new baseline 
for controlling project costs.

In large projects that involve substantial technical uncertainties, work 
can be divided into successive phases where each one is estimated, 
budgeted, and evaluated for performance. As each phase is completed, 
the decision is made to proceed or terminate the project. This process 
is referred to as phased project planning. Sometimes competitive bids 
are received and new contracts negotiated for each phase.
To make allowances for uncertainty, an amount called a contingency 

fund or budget reserve is added to the original estimate. This is the 
budget equivalent of the schedule reserve or buffer mentioned earlier.
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A contingency amount can be added to individual work packages or 
activities, or to the project as a whole. The amount is proportionate to 
the uncertainty of the work, so work with greater uncertainty is allotted 
a higher contingency amount. When possible, the percentage contingency 
is derived from historical records of siinilar tasks and projects. Contingency 
funds are intended to offset small variations arising from estimating 
errors, small omissions, minor design changes, small schedule slippages, 
and so on. Each time the cost estimate is updated, so is the contingency 
fund. The contingency fund is not a “slush” fund. When no longer 
needed as intended, it should be cut from the project cost in order not 
to be used elsewhere; otherwise, there is a tendency for costs to rise 
to expend whatever remains in the fund. Contingencies are discussed 
later as an aspect of the cost estimating process.

NOTES

Changes in Requirements or Design
Another major source of cost escalation is discretionary, nonessential 
changes to system requirements and plans. These changes come from 
a change in mind, not from oversights, mistakes, or environmental 
changes that would make them imperative. The routine tendency is 
for users and contractors alike to want to continually modify systems 
and procedures—to make “improvements” to original plans throughout 
the project life cycle. These kinds of changes are especially common in 
the absence of exhaustive planning or strict control procedures.
Many contracts include a change clause which allows the customer to 
make certain changes to contract requirements—sometimes for additional 
payment, sometimes not. The clause gives the customer flexibility to 
incorporate requirements not envisioned at the time of the original 
contract agreement. The clause can be exercised at any time and the 
contractor is obligated to comply. Any change, however, no matter 
how small, causes escalation. To implement a change requires some 
combination of redesigning or reorganizing, work, acquiring new or 
different resources, altering previous plans, and undoing or scrapping 
earlier work. The more work completed on the project, the more difficult 
and costly it is to make changes. When accumulated, even small changes 
have substantial effect on schedules, costs, and performances. In many 
projects, formal mechanisms such as a change control system and 
configuration management procedures are used to reduce the number 
of discretionary or imperative changes, and to contain their influence 
on escalation.

Economic and Social Factors
Even with good initial estimates and few changes, cost escalation occurs 
because of social and economic forces beyond the contractor’s or user’s

Self-Instructional Material 83



Project Management influence. Variables such as labor strikes, legal action by consumer 
and public interest groups, trade embargoes, and materials shortages 
can neither be precisely anticipated nor factored into plans and budgets, 
but they all serve to stifle progress and increase costs. Whenever 
project work is suspended or interrupted, administrative and overhead 
costs continue to mount, interest and leasing expenses continue to 
accrue on borrowed capital and equipment, and the date when payback 
begins and profit is earned is set back. Rarely can such problems be 
anticipated and their impacts incorporated into the contingency fund. 
One economic factor that has major influence on cost escalation and 
project profitability is inflation. The contractor can try to offset increases 
from inflation by inflating the price of the project, but often the actions 
of competitors or federal restrictions on price increases is confining. 
Some protection from inflation may be gained by including clauses in 
the contract that allow increases in wages or material costs to be 
appended to the contract price,4 but the protection may be limited. 
Inflation is not one dimensional; it varies depending on the labor, 
materials, and equipment employed, the geographical region, and the 
country. Subcontractors, suppliers, and clients use different kinds of 
contracts that have different inflation protection clauses and which 
may be to the advantage or disadvantage of other parties in the project. 
Inflation also causes cash flow difficulties. Even when a contract includes 
an inflation clause, payment for inflation-related costs is tied to the 
publication of inflation indices, which always lags behind inflation. 
Although contractors pay immediately for the effects, of inflation, it is 
not until later that they are reimbursed for these effects. Trend analysis 
of inflation in the industry and the economy can improve the accuracy 
of cost estimates. In long-term projects especially, wage rates should 
be projected to indicate what they will be at the time they must be 
paid. This is done by starting with best estimates of labor hours and 
wage costs in current dollars, then applying inflation rates over the 
project’s length.
Initial cost estimates are based upon prices at the time of estimating, 
After that, whenever actual costs are compared with initial estimates, 
inflation adjustments must be included so there remains a common 
basis upon which to identify variances and take corrective action. Either 
the estimates must be adjusted upward or actual expenses adjusted 
downward.

NOTES

Inefficiency, Poor Communication, and Lack of Control
Another source of cost escalation is work inefficiency, the result of 
poor management, lack of supervision, and weak planning and control. 
In large projects especially, poor coordination, miscommunication, and
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sloppy control lead to conflicts, misunderstandings, duplication of effort, 
and mistakes. This is one source of cost escalation where management 
can have a substantial influence. Meticulous work planning, tracking 
and monitoring of activities, team building, and good control all help 
improve efficiency and keep (at least this source of) cost escalation to 
a minimum.

NOTES

Ego Involvement of the Estimator
Cost escalation also comes from the way people estimate. Most people 
are overly optimistic and habitually underestimate the amount of time 
and cost it will take to do a job, especially in areas where they have 
little experience. Have you ever estimated how long it would take for 
you to paint a room, tile a floor, or replace a tire? How long did it 
really take? Most people think of an estimate as an “optimistic prediction”. 
They confuse estimates with incentives or goals, and see the estimate 
as a reflection upon themselves, not an honest prediction of what it 
will take. The more “ego involvement” of the estimator in the job, the 
more unreliable the estimate. The problem can be lessened by having 
professional estimators, or people different than those who will actually 
do the work. Remember the earlier contention about the necessity of 
involving project participants in planning the project? Most experienced 
workers are much better at estimating tasks, materials, and schedules 
than they are costs. Although the doers (those who do the work) should 
define the work—the WBS, work packages, tasks and schedules—and 
provide initial estimates of time and costs, professional estimators 
should review the estimates for accuracy, check with the doers, and 
then prepare final cost estimates. A cost estimate should not be something 
to strive for; it should be a reasonable prediction of what will happen. 
Estimators must be, organizationally, in a position where they will not 
be coerced to provide estimates that conform to anyone’s desires.

Project Contract
Some of the merits are related to the contract’s influence on cost 
escalation. Consider, for example, differences between the two basic 
kinds of contracts: Fixed price and cost-plus. A fixed-price agreement 
gives the contractor incentive to control costs because, no matter what 
happens, the amount paid for the project remains the same. In contrast, 
in a strictly cost-plus contract there is only slight incentive'to control 
costs. In fact, in cases where profit is computed as a percentage of costs, 
cost-plus agreements tend to motivate contractors to “allow” controllable 
costs to escalate. Other forms of legal agreements, such as the incentive 
contracts permit cost increases but at the same time encourage cost 
control and provide some motivation to try to reduce escalation. >
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DEVELOPMENT CYCLE
Development of the cost estimate is closely tied to the first three 
phases of the systems development cycle:

A. Conception: initiation/feasibility

B. Definition: detailed planning/analysis

C. Execution: design/fabrication/implementation
The first cost estimate is made during project conception. At this time 
very little hard cost information is available so the estimate is the . 
least reliable that it will ever be. Uncertainty about the cost and duration 
of the project may be large, as illustrated by the largest “region of 
time-cost uncertainty” in Figure 2.44.

NOTES

Fig. 2.44. Time-cost graph showing cumulative project cost and regions of
time-cost uncertainty.

How much the project will really cost and how long it will really take 
are questionable. The project is compared to other, similar projects,, 
and adjustments^made for differences. Typically the estimate is based 
upon standards of what it should take—labor time, materials, and 
equipment—to do a certain job. This approach is .less useful when 
there is much development work involved because fewer of the tasks 
can be classified as “standard” and no other projects are similar. On 
large development projects the initial estimates are largely “guesstimates” 
and might end up being nowhere close to actual costs.
Unless the project is somewhat routine and well-defined, uncertainty 
in estimates dictates that contracts awarded during the conception 
phase be of the cost-plus form. Only after much of the definition phase 
is finalized, material costs become known and reliable estimates of 
labor requirements and rates can be made. It is then possible to obtain 
solid cost estimates for fabrication and installation. This is illustrated 
by the shrinking time-cost uncertainty regions in Figure 2.44.

//
.//
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By the time design work is half completed, cost estimates may be 
reliable enough to award incentive-type or (in well-defined situations) 
fixed-price contracts. In fact, the awarding of contracts is sometimes 
put off until well into the design stage so that the cost estimate can 
be more certain. This requires contractors to do a lot of front-end 
work without assurances that they will be awarded the job. When 
contractors are required to bid before the design phase is reached, 
they usually include substantial contingencies to cover the uncertainty 
of their estimates. As the project moves into the middle and later 
phases, with work actually being completed and funds expended, cost 
estimates become more certain. Often, to control usage of the contingency 
fund, the amount in the fund is decreased as the project progresses.
For example, a project starting out with a contingency of 15 percent 
of the base estimate might be decreased to a contingency, of 8 percent 
when the project is half completed, then to 3 percent when it is three- 
fourths completed, and then to just 1 percent to cover small corrections 
during the final stages of installation and completion sign-off. This is 
illustrated in Figure 2.44.
Once the cost estimate has been developed and approved, it is used to 
establish the budget and becomes the baseline against which progress 
and performance will be evaluated. Thus, it is bad practice to change 
the estimate frequently during the project life cycle because it destroys 
the purpose of having a baseline. However, sometimes escalation factors 
render the initial estimate obsolete and require it to be revised periodically.

NOTES

2.22 COST ESTIMATING PROCESS

Classifying Work Tasks and Costs
The cost estimating process begins by breaking the project down into 
work phases such as design, engineering, development, fabrication, and 
so on, or into work packages from the WBS. The project team, including 
representatives from the involved functional areas and contractors, 
meet to discuss the work phases or work packages, and to receive 
specific work assignments. The team tries to identify tasks in the 
project similar to existing designs and standard practices that can 
readily be adopted. Work is classified either as developmental or as an 
adaptation of existing or off-the-shelf techniques, or procedures.
Because developmental work requires considerable effort in design, 
testing, and fabrication cost estimating is thus more difficult due to the 
greater uncertainty about what needs to be done. Overrims for developmental 
work are common, especially because of the difficulty in estimating 
labor hours. Estimation for standard, off-the-shelf work is more 
straightforward because it is based upon records of material and labor 
costs for similar systems or tasks. It is thus beneficial to try to make use
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of existing designs and technology in as many work packages as possible; 
this helps reduce estimating errors and may produce cost savings. 
Estimated costs are classified as recurring and nonrecurring. Recurring 
costs are those that happen more than once; they are associated with 
tasks periodically repeated and include costs for labor, materials, tooling, 
quality assurance, and testing. Nonrecurring costs happen only once 
and are associated with unique tasks or procurement of special items; 
they include development, fabrication, and testing of one of a-kind 
items.
In the pure project form of organization the project manager assigns 
responsibility for estimating, directs the estimating effort, and combines 
the estimate results for presentation to management. In a matrix 
organization, estimating is the joint responsibility of the project and 
functional managers, though the project manager coordinates the effort 
and accumulates the results. Close coordination and communication 
during the estimating effort is crucial for reducing redundancies and 
omissions— especially for estimates from groups working jointly on 
interfacing work packages.
Although this typifies the cost estimating process, the actual method 
used to estimate cost figures will depend on the required accuracy 
and the information available to make the estimate. Estimated cost 
figures are determined using four basic techniques: expert opinion, 
analogy, parametric, and cost engineering.

Project Management

\

NOTES

Expert Opinion
An expert opinion is an estimate provided by an expert— presumably 
someone who, from breadth of experience and expertise, is able to 
provide a reasonable, ball-park estimate. It is a “seat of the pants” 
estimate used when insufficient information precludes a more-detailed, 
in-depth cost analysis. Expert opinion is usually limited to cost estimating 
done in the conception phase, or for a project that is poorly-defined or 
is unique and for which there are no previous, similar projects available 
for comparison.

Analogy Estimate
An analogy estimate is an estimate developed by reviewing costs from 
previous, similar projects. The analogy method can be used at any 
level: Overall project cost can be estimated from the cost of an analogous 
project; work package cost can be estimated from other, analogous 
work packages; task cost can be estimated from analogous tasks; and 
so on. The cost for a similar project or work package is analyzed and 
adjusted for differences between it and the proposed project or work 
package. The adjustment takes into account factors such as dates, project 
scale, location, complexity, exchange rates, and so on. If, for example.
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the analogy project was performed 2 years ago and the proposed project 
is to commence 1 year from now, costs from the analogy project must 
be adjusted for inflation and price changes during the 3-year interim. 
If the analogy project was conducted in California and the proposed 
project will be in New York, costs must be adjusted for site and regional 
differences. If the “size” (scope, capacity, or performance) of the proposed 
task is twice that of the analogy task, then the costs of the analogy 
task must be “scaled” up. However, twice the size does not mean twice 
the cost, and the size-cost relationship must be determined empirically 
from several analogies, or from formulas based on physical principles.
Because the analogy method involves comparisons to previous, similar 
projects, it requires an extant database with information about prior 
projects. Companies that are serious about using the analogy method 
require good project cost documentation and a database that classifies 
cost information according to type of project, work package, task, and 
so on. When a hew project is proposed, the data base is accessed to 
reveal prior projects or work packages that are similar, and provide 
cost details.

NOTES

Parametric Estimate
A parametric estimate is an estimate derived from an empirical or 
mathematical relationship. The parametric method can be used with 
an analogy project to scale costs up or down, or it can be applied 
directly—without an analogy project—when costs are a function of 
system or project “parameters.” The parameters can be physical features 
such as area, volume, weight, or capacity, or performance features 
such as speed, rate of output, power, or strength. Parametric cost 
estimating is especially useful when preliminary design characteristics 
are first being set and a cost estimate is needed quickly.

2.23 ELEMENTS OF BUDGETS AND ESTIMATES
The similarity between budgets and estimates is that both state the 
cost of doing something. The difference is that the estimate comes 
first and is the basis for the budget. An estimate may have to be 
refined many times, but once it is approved, it becomes the budget. 
Organizations and work units are then committed to performing work 
according to the budget: It is the agreed-upon contracted amount of 
what the work should cost and the baseline against which expenditures 
will be compared for tracking and control purposes. Project budgets 
are similar to fiscal operating budgets with the • difference that the 
former covers the life of the project, but the latter covers only a year 
at a time. Estimates and budgets share most or all of the following 
elements:

Self-Instructional Material 89



Project Management Direct labor expense

Direct non labor expense

Overhead expense

General and administrative expense

Profit
NOTES ♦

Total billing

Direct Labor Expense
Direct labor expense is the charge of labor for the project. For each 
task indicated on the project schedule, an estimate is made of how 
many people will be needed in each labor grade and for how many 
hours or days of work. This gives the distribution of labor hours or 
days required for each labor grade. The labor hours for the various 
grades are then multiplied by their respective wage rates. The work 
package in Figure 2.45 is an example, showing the wage rates for 
three labor grades and the associated labor hours time-phased over a 
6-month period. When the wage rate is expected to change over the 
course of the work, a weighted average wage rate is used. In Figure 
2.45, suppose the initial rate for assistant is expected to increase from 
$20 to $25 in months 3, 4, and 5. The labor cost for assistant in months 
2, 3, 4, and 5 would then increase from $8000 to 100{$20) + 100($25) + 
100($25) + 100($25) = $9500. (The average wage rate would, thus be 
$9500/400 hours = $23.75/hour.) Notice that the average wage rate changes 
whenever the distribution of hours changes. In the example, had the 
work been evenly distributed 100 hours/month over months 1 through 
4 (instead of over months 2 through 5), the average wage for assistant 
would have been $9000/400 hours = $22.50/hour.

ApriM, 1592CastleProject ..... Date ...

Department ....................... WWI^ Package...

Months* TotalsRate
1 2 3 4 Hours CostCharge 5 6

Direct labor 
Professional 
Associate 
Assistant

$35/hr
$30/hr
$20/hr

50 50 too 3,500

100 100 100 100 400 8,000
Direct labor cost 
Labor overhead 
Other direct cost'

'11,500
8,625

1,750
1,312

2,000
1,500

2,000
1,500

2,000
1,500

3,750
2,81375%

100 100
Total direct cost 
General administration

3,062 3,600 3,500 3,500 6,563 20,225
2,02310% 306 350360 350 667

Total costs 
Profit

3,368 3,960 3,850 3,850 7,220 22,248
15%

Billing total

' Should extend for as many months as required by the project.
* Should be itemized to include costs for materials, freight, subcantracts, travel, and all other nonlabor direct costs 

Fig. 2.45. Typical 6-inonth cost report for a work package.
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Direct Nonlabor Expense
Direct nohlabor expense is the total expense of nonlabor charges applied 
directly to the task. It includes subcontractors, consultants, travel, 
telephone, computer time, material costs, purchased parts, and freight. 
In Figure 2.45 this expense is represented by the line “other direct 
cost.” Material costs include allotments for waste and spoilage and 
should reflect anticipated price increases. Material costs and freight 
charges sometimes appear as separate line items called direct materials 
and overhead on materials, respectively; computer time and consultants 
may appear as support.
Direct nonlabor expenses also include items necessary for installation 
and operation such as maintenance manuals, engineering and programming 
documentation, instruction manuals, drawings, and spare parts. Note 
that these are costs incurred only for a specific project or work package. 
Not included are the general or overhead costs of doing business, unless 
those costs are tied to the specific project.
On smaller projects all direct nonlabor expenses are individually estimated 
for each work package. In larger projects, a simple percentage rate is 
applied to cover travel and freight costs. For example, 5 percent of 
direct labor cost rnight be included as travel expense and 5 percent of 
material costs as freight. These percentages are estimated in the same 
fashion as the overhead rates discussed next.

Project Planning 
and Scheduling

NOTES

Overhead, General, and Administrative Expenses
Direct expenses for labor and materials are easily charged to a specific 
work package. Many other expenses cannot be easily allocated to specific 
work packages, nor even to a specific project. These expenses, termed 
overhead or nondirect expenses are the cost of doing business. The^include 
whatever is necessary to house and support the labor, including^building 
rents, utilities, clerical assistance, insurance, and equipment. Usually 
overhead is computed as a percentage of the direct labor cost. Frequently, 
the rate is around 100 percent but it ranges from as low.as 25 percent 
for companies that do most of their work in the field to over 250 percent 
for firms with laboratories and expensive equipment.
The actual overhead rate is computed by estimating the annual business 
overhead expense, then dividing by the projected total direct labor 
cost for the year. Suppose projections show that total overhead for 
next year will be $180,000. If total anticipated direct labor charges 
will total $150,000, then the overhead rate to apply is 180,000/150,000 
= 1.20. Thus, for every $1.00 charged to direct labor, $1.20 is charged 
to overhead.. Although this is the traditional accounting method for 
deriving the overhead rate, for project management it results in a
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somewhat arbitrary allocation of costs. This is counterproductive for 
project control because the sources of many overhead costs are independent 
of project performance. Overhead costs in projects should thus be treated 
differently. They should be divided into two categories: Direct overhead, 
which can be allocated in a logical manner; and indirect overhead, which 
cannot. Direct overhead costs can be traced to the support of a particular 
project or work package, so these costs are allocated only among the 
specific activities for which they apply. If a department is working on 
four projects, then its overhead is apportioned among the four projects 
based on the percentage of labor time it devotes to each. Department 
overhead should not be allocated to projects in which it is not involved.
Indirect overhead includes general expenses for the corporation. Usually 
referred to as general and administrative expense, or G&A, it includes 
taxes, financing, penalty and warranty costs, accounting and legal support, 
proposal expenses on lost contracts, marketing and promotion, salaries 
and expenses of top management, and employee benefits packages. These 
costs are liot tied to any specific project or work package, and are allocated 
across all projects, to certain projects, or parts of projects- For example, 
corporate or company-level expenses are allocated across all projects, 
project management costs are allocated on a per project basis, and 
departmental overhead is allocated to specific project segments in which 
the department did work. Overhead expenditures are allocated on a 
time basis so that as the duration of a given project is extended, so is the 
period over which G&A is charged. The actual manner in which indirect 
costs are apportioned varies in practice. The example for the SETI Company 
in Table 3.8 shows three methods for distributing indirect costs between 
two projects, MARS and PLUTO.14 Notice that although company-wide 
expense's remain the same, the cost of each project differs depending on 
the method of allocating indirect costs.
Clients want to know-the allocation method used by the contractor, and 
the contractor should know the allocation method used by subcontractors. 
For example, Method I is good for the client when the project is labor

I

(DL) intensive, but bad when it is direct nonlabor (DNL) intensive. Method 
III is the opposite and gives a lower cost when the project is relatively 
nonlabor intensive (i.e., when labor costs are low but material and parts 
expenditures are high). This can be seen in Table 3.8 by comparing MARS 
(somewhat nonlabor intensive) to PLUTO (somewhat labor intensive).

Project Management

NOTES

Profit and Total Billing
Profit is the amount left over for the contractor after expenses have 
been subtracted from the contractual price. It is an agreed-to fixed fee 
or a percentage of total expenses. Total billing is the sum of total expenses 
and profit. Profit and total billing are included for estimates of the
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project as a whole, for large groups of work packiiges, and for subcontracted 
work. They usually do not appear on budgets for lower-level work 
elements.

Project Planning 
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Table 3.8 Examples of Indirect Cost Apportionment. NOTES

SETI Company Company-wide (indirect costs) 

Overhead (rent, utilities, clerical, machinery 

General (upper management, staff, benefits, etc.)

OH 120

G and A 40

Indirect Total 1601

MARS Project PLUTO Project TotalProject costs

15050 100Direct labor (DL)

Direct nonlabor (DNL)

Direct Total

Direct and Inderict Total 

Some methods for apportioning indirect costs;
I. Total indirect proportionate to total direct costs

5040 10

20090 110

360

MARS Project PLUTO Project TotalProject costs

200DL and DNL 90 110

16072 66OH and G&A

360162 198

IL OH proportionate to direct labor only; G and A proportionate to all 
direct costs.

MARS Project PLUTO Project TotalProject costs

15060 100DL

120OH on DL 40 80

40 10 50DNL •<
G and A on (DL and DNL) 18 4022

360148 212

III. OH proportionate to direct labor only; G and A proportionate to DL and 
OH and DNL.

I

MARS Project PLUTO Project TotalProject costs

DL and OH and DNL 130 320190

16.25 23.75 40G and A
/14.25 360213.75

%

(
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Project Management SUMMARY
The simplest kind of network, called a logic diagram, shows the 
major elements of a group of tasks and their logical relationship. 
A“path” is any route comprised of one or more arrows (activities) 
connected in sequence. The longest path from the origin node to 
the terminal node is called the critical path.
free slack refers to the amount of time an activity can be delayed 
without affecting the start times of any successor activities. 
Breaking down work into a hierarchy of activities, tasks, and work 
packages is called decomposition.
This subdivision into specialized areas is called differentiation. 
Project environments are characterized by complexity, change, 
uncertainty, and unpredictability. Projects typically require the 
resources and coordinated work effort of multiple people, subunits, 
and organizations.
The most complex projects are performed by consortia of multifunctional 
teams from numerous contractors, subcontractors, and users. Tens 
or hundreds of teams are created and dissolved through out the 
systems development cycle.
Matrix and pure project forms are more applicable to projects of 
medium and higher complexity and of medium or larger size. 
Cost estimates are used to develop budgets and become the baseline 
against which project performance is evaluated.
The cost estimating process begins by breaking the project down 
into work phases such as design, engineering, development, fabrication, 
and so on, or into work packages from the WBS.
The similarity between budgets and estimates is that both state the 
cost of doing something. The difference is that the estimate comes 
first and is the basis for the budget. An estimate may have to ,be 
refined many times, but once it is approved, it becomes the budget. 
Material costs and freight charges sometimes appear as separate 
line items called direct materials and overhead on materials, 
respectively;.

NOTES

/

REVIEW QUESTIONS

What do you understand by logic diagrams and networks inproject 
management?
Write short notes on
(a) Activity-on-Node Diagrams
(b) Activity-on-Arrow Diagrams

\
(c) Dummy Activities
(d) Redundant Activities
(e) Level of Detail

1.

2.
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Differentiate AON and AOA.

What is the critical path?

Discuss calendar scheduling and time-based networks.
Write in detail about PDM networks.
What are different steps of planning a project?
What is the significance of the project master plan?
What are the different contents of project master plan?
What are the different tools of project master plan?
Explain the Work Breakdown Structure?
What are the applications of WBS?
What are the different steps to generate WBS?
What are six criteria to test for completeness in the WBS? 

What is organizational structure for a project management? 

Write short notes on:
'• Liaison role
• Task forces and teams
• Project expeditors and coordinators

• Project managers
• Matrix managers
• Integrating contractors 

Write short notes on
• pure project organizations
• matrix organization

What are different parameters to select a project form?
Why the cost estimation and budgeting is necessary in project 
management?
What are three phases of the systems development cycle for 
cost estimation?

What are different elements- of budgets and estimates?

Project Planning 
and Scheduling

3.
4.

5.

6.
NOTES

7.
8.
9.

10.
11.
12.
13.
14.
15.
16.

17.

18.
19.

20.

21.

FURTHER READINGS

1. Project Management: Abdul Matheen, University Science Press, 
Delhi.

2. A Manual on Project Management: G.L. Tiku, Atlantic.

3. Essential of Project Management: Kamaraju Ramakrishna, PHI 
Learning.

4. Introduction to Project Management: M.K. Vashishta, Centrum 
Prdss/,
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UNIT 3 IMPLEMENTATION AND 

CONTROL
NOTES

★ STRUCTURE ★

3.1 Introduction

Project Management Information System: Functions of the PMIS 

Computer-Based Tools 

Computer-Based PMI Systems 

Representative Computer-Based PMISS 

Web-Based Project Management 

Applying Cornputer-Based Project Management Systems 

The Control Process 

Informantion Monitoring 

Internal and External Project Control 

Financial Aspects 

Material and Equipments 

Project Control Process 

Project Control Emphasis 

Performance Analysis 

Summary 

Review Questions 

Further Readings

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9
■4.3.10

3.11

3.12
' i

3.13

3.14

3.15

3.0 LEARNING OBJECTIVES
After going through this unit, you will be able to:

• describe project management information system

• explain material and equipment

• define human resource

• explain financial aspects
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and Control3.1 INTRODUCTION

An. individual without information cannot take responsibility; an individual 
who is given information cannot help but take responsibility.

—Jan Carlzon, Riv Pyramider

If this is the best of possible worlds, what then are the others'?

NOTES

—Voltaire

3.2 PROJECT MANGEMENT INFORMATION 

SYSTEME FUNCTIONS OF THE PMIS
It is almost impossible for any contemporary manager to do her job 
adequately without using some kind of manual or computer-based 
management information system (MIS).-Virtually all managers use 
information systems for functions such as payroll, billing, ordering, 
accounting, and inventory control. Project managers also use these 
systems. The major difference between these and PMI systems is that 
the latter are dedicated solely to the function of project management. 
They are utilized by project managers and staff to fulfill the unique 
requirements of project management.

PMISs have capabilities that assist project managers in planning, budgeting, 
and resource allocation. Many PMISs additionally perform assorted 
analyses such as variance, performance, and forecasting for any level 
of the WBS and project organization. A good PMIS enables facile control 
of changes to system configuration and project plans as well. These 
PMISs allow for quick review and easy periodic updating; they filter 
and reduce data to provide information on summary, exception, or 
“what if bases. With an effective PMIS the project manager does not 
have to wait for days or comb through reams of data to identify problems 
and determine project status.

3.3 COMPUTER-BASED TOOLS
If you think about it, methods such as earned value analysis, forecasting, 
change control, and configuration management for large projects can 
involve processing and integrating great quantities of information. These 
methods “roll up” work package information to the project level (or 
start at the project level and tunnel down information to the work 
package level) so problems can be traced to their source. However, 
they also presume the capability to process lots of information in a 
short time. As computers .are good at this, they have become essential

Self-Instructional Material 97



Project Management tools not just for planning but for control as well. In fact, without computers 
it would be difficult to do much of the analysis necessary to control large 
projects.

Benefits of Computer-Based PMISs
The benefits of computer PMISs over manual systems are speed, capacity, 
efficiency, economy, accuracy, and ability to handle complexity. The major 

benefit is speed. Once data have been collected and entered, practically 
any manipulation can be done more rapidly by computers. To create or 

revise printed plans, schedules, and budgets takes days or weeks with 
a manual system, but seconds or minutes with computers. This is especially 
true of Internet and intranet project management systems. Computer- 

based PMISs store large amounts of information that is easily accessed, 
prioritized, and summarized.
Manual systems for large projects are tedious to maintain, difficult to 
access, and provoke people to try to work around them or avoid them. 
They require the efforts of numerous support personnel to maintain and 
use their outputs for analysis. In contrast, computer-based PMISs can 
perform much of this analysis, reduce the requirement for clerical personnel, 
and relieve managers and support personnel from having to do computations. 
This frees them to use analysis results for making decisions.

The speed, capacity, and efficiency of computers afford still another benefit: 
economy. In most cases, computers offer a significant cost advantage 

over manual systems for storing and processing information. Assuming 
input data are correct, computers produce fewer computational errors 
and reduce the cost of correcting mistakes. Finally, computer-based PMISs 

are much better at handling and integrating complex data relationships. 
Large projects with thousands of work tasks, hundreds of organizations, 
and tens of thousands of workers cannot be managed efficiently without 
computers. For managing large projects, a computer-based PMIS is a 

virtual necessity, but even in small projects it simply makes the work 
easier to manage.

Project managers have dozens of kinds of project software packages to 

choose from. Software packages vary greatly in capability and flexibility; 
generally, as the size and capability increase, so does the price. The 
degree of technical support accompanying software packages also varies, 
which means sometimes it is difficult to get help or assistance from the 
software developer when needed. As if choosing the right software were 

not enough of a problem, the project manager also must determine the 

right combination of computer and peripheral devices—processors, monitors, 
printers, plotters, modems, and database and web servers. Generally, a

NOTES
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computer system’s outputs are only as good as its inputs. To perform 
well, the computer system must be given adequate and accurate input, 
stored data must be periodically updated, and information outputs 
must be distributed to the people who need them. In short, any computer 

system needs a good manual support system.
Because satisfaction depends on how well systern capabilities match 
user expectations, it is important at the start to have the “right” expectations. 
Simpler PMISs have limited capability, but they usually are good at 
what they can do, and they can be of tremendous benefit. Also, once 
mastered, it is easy to upgrade to more sophisticated systems.

Computer Applications in Project Management
There are myriad hardware/software configurations with various 
applications in project management; For a project manager to be able 
to assess how satisfactory a given computer application is, he must 
first know both the information requirements of the project and the 
capabilities of the computer application. Often, to satisfy all information 
requirements—data, text, and graphics—it is necessary to use more 
than one kind of software.
We will discuss these applications and requirements in the following 
sections.

NOTES

3.4 COMPUTER-BASED PMI SYSTEMS

A computer-based PMIS should be able to

• Create and update project files containing information necessary 
for planning, control, and summary documents.

• Enable data from other information files to be transferred to 
the project database.

• Integrate work, cost, labor, and schedule information to produce 
planning, control, and summary reports for project, functional, 
and upper-level managers.

Among the many available PMISs, not all have these capabilities. Some 
do not even perform the most essential functions of project management. 
The following sections discuss the kinds of features and options available 
in computer-based PMISs and their appropriateness for planning and 
control functions.

Features of PMISs
Here is a list of the kinds of analytical capabilities, outputs, and other 
features offered by various PMI systems.
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aavii.revwor^HSTSSing. virtually all project software systems 
do project scheduling using a network-based procedure. These systems 
compute early and late schedule times, slack times, and the critical 
path. Among the capabilities a user must assess are the type of procedure 
(PERT, CPM, PDM, or multiple types), event or activity oriented outputs 
(or multiple types), and use of probabilities. Capabilities also vary with 
regard to the maximum number of allowable activities, the way activities 
and events are coded (some use a WBS scheme), the quality and clarity 
of the output format (e.g., network, Gantt chart, tabular reports, or multiple 
types) and whether only single or simultaneous multiple projects can b 
planned and tracked. The kind of calendar also varies: Most systems 
allow input of nonwork periods such as weekends, holidays, and vacations, 
and produce schedules accordingly, but details of input and output differ 
greatly.
Resource Management. Most project systems also perform resource 
loading, leveling, allocation, or multiple functions, although the analytical 
sophistication and quality of reports vary between systems. The major 
considerations are the maximum number of resources permitted per activity 
or project; the kind of resource loading/scheduling techniques used (resource- 
limited, time-limited, or both); split scheduling (stopping activities, then 
starting later); interchangeable usage of different resources; and using 
resources which are consumed.
Budgeting. In many project systems it is possible to associate cost information 
with each activity, usually by treating costs as resources. However, software 
systems vary greatly in the way they handle fixed, variable, and overhead 
costs, and in their ability to generate budget and cost summary reports. 
In many systems cost and expense information are not treated explicitly; 
in others, cost accounting is a major feature. The ability of a system to 
handle cost information and generate budgets is a significant variable in 
the system’s usability for both planning and control.
Cost Control and Performance Analysis. Here is where project system 
capabilities differ the most. To perform, the control function, a system 
must be able to compare actual performance (actual costs and work completed) 
to planned and budgeted performance. Among the features to consider 
are the system’s ability to compute and report cost and schedule variances, 
earned values (BCWP), and various performance indices, as well as to 
forecast by extrapolating past performance. The most sophisticated PMIS 
software “roll up” results and allow aggregation, analysis, and reporting 
at all levels of the WBS. They also permit modification and updating of 
existing plans through input of actual start and finish dates and costs. 
The most comprehensive PMISs integrate network, budget, and resource 
information and allow the project manager to ask “what ir questions 
under various scenarios while the project is underway. They allow the

NOTES
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system user to access, cross-reference, and report information from 
multiple sites or databases linked via the Internet or an intranet.
Reporting) Graphics, and Communication. Project software systems 
also vary greatly in the number, kind, and quality of reports they 
produce. This is an important consideration because it affects the speed 
with which PMIS outputs are communicated and the accuracy of their 
interpretation. Many systems provide only tabular reports or crude 

edules; others generate networks and resource histograms; still 
^others offer a variety of graphics including pie charts and line graphs. 

The main features to consider are the number, quality, and type of 
available reports and graphics. Many systems-generate only a few 
standardized types of reports; others generate a wide range, including 
customized ones created to satisfy any format or information requirement 
including company-specific features such as background information 
and logos. The quality often depends on the system’s ability to use 
different output devices. All systems produce reports on standard printers 
and show reports on the monitor as well; the highest quality reports 
and graphics are produced on plotters. With the trend toward decentralized 
teams and multisite projects, more projects now have team members 
that are geographically dispersed, which poses a problem for project 
tracking and control. One way around this problem is use of the World 
Wide Web to gather and distribute project information. The Web allows 
team members everywhere to have easy access to project information, 
and to store and retrieve it in a common place. The software enables 
team members to communicate via e-mail, and retain e-mail information 
on a project database. This is discussed later.
Interface, Flexibility, and Ease of Use. Some systems are compatible 
with and can tie into existing databases such as payroll, purchasing, 
inventory, MRP, ERP, cost- accounting, or other PMISs. Some can be 
used with popular DBMS and spreadsheet systems. They also can be 
used to provide input data for systems that do modeling and risk 
analysis. Many larger PMISs allow data from different projects to be 
pooled so multiproject analysis can be performed. This feature enables 
organization-wide administration of projects and combining of information 
from several, simultaneous projects to form a picture of the overall 
state of the organization. Some software allows the user to “click” on 
a particular project in order to view more detailed, project specific 
information. Managers can readily distinguish the work functions or 
projects performing as expected from those experiencing problems or 
overruns, The capability of a PMIS to interface with other software 
from which existing data files have been created is an important selection 
criterion. Many firms have had to spend considerable time and money 
developing interfaces to link a commercial PM package with existing

NOTES
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Project Management data and other PMI systems. Most small, inexpensive systems are stand
alone and have limited interface ability. Systems also vary widely in 
flexibility. Many systems are limited and perform a narrow set of functions 
which cannot be modified. Others allow the user to develop new applications 
or alter existing ones depending oh needs. Among the potential additional 
applications and reports sometimes available are change control, configuration 
management, responsibility matrixes, expenditure reports, cost and technical 
performance reports, and technical performance summaries. Many software 
systems utilize Internet technology and protocols that enable easy access % 

through a browser to a wide variety of management applications and 
databases. Finally, there is also the consideration of user friendliness: 
How easy is it to learn and operate the system? Systems vary greatly in 
the style of system documentation, thoroughness and clarity of tutorials, 
ease of information input, clarity of on-screen presentation and report 
format, helpfulness of error messages, and the training and operating 
support offered by the developer.

NOTES

Functions of PMIS
Because the purpose of a PMIS is to support project management decisions 
and to provide information necessary to conduct the project, the functions 
of PMISs closely parallel those of project management. In most projects, 
these are

1. Planning and scheduling.

2. Budgeting.

3. Work authorization and control.

4. Control of changes.

5. Communicating all of these functions.
It is important to note that currently many computer-based PMIS software 
systems are able to support only the first, and to a limited extent, the 
last functions on this list. As Levine notes, this is because software that 
is able to perform the control function requires several features beyond 
those for planning; these include the ability to

1. Save an old version of the baseline database for comparison with 
current status and actual costs.

2. Accept actual start and finish dates, and revise task durations 
without having them override the plan dates.

3. Accept actual costs incurred, for comparison to budget.

4. Track actual resource usage. i
Popular project management software systems that lack these capabilities
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may be useful in the early project phases of planning and definition, 
but once the project begins they provide little assistance in the place 
where, perhaps, it is needed most—project control. This is unfortunate 
because project control is an area where computers offer a tremendous 
advantage over manual systems. For procedures that require the capability 
to integrate time, cost, and performance information, to “roll up” this 
information through the WBS, and to do it quickly and efficiently, 
computers are the only practical means.

WTES

3.5 REPRESENTATIVE COMPUTER-BASED 

PMISs
Most PMIS software are designed for usage on desktop computers, 
either individually or with client-server systems, centralized databases, 
and Internet and/or intranet capabilities. The following sections provide 
a sampling of six popular PMIS software covering the gambit of available 
products. These descriptions are intended as basic introductions and 
are not product endorsements. Software products change rapidly, and 
no description remains current for long. For the most up-to-date descriptions, 
visit the Web sites of the individual software manufacturers. Many 
sites provide downloads and free limited trial usage of the products.

Microsoft
Microsoft Project (MS Project) dominates project management software 
systems. The software system carries its own database and is compatible 
with SQL Server or Oracle databases. Although it requires installation 
on every user’s computer, it is fully compatible with Microsoft Office 
so team members can easily save to the database documents created, 
in any Office application. In addition, because it has the same toolbars 
as MS Office applications, most users become quickly familiarized with 
it. MS Project provides the ability to publish to the Internet or the 
company intranet, topics that will be discussed later. There are no 
limits to the number of tasks or projects the software can handle. 
Interesting features of MS Project include its ability to distribute resources 
among multiple projects from a common resource pool; use existing 
e-mail infrastructure to communicate with team members; “flag” certain 
tasks or phases as reminders; split tasks and drag and drop tasks on 
the Gantt chart; analyze project completion given “worst” and “most 
likely” cases; and incorporate hyperlinks into the database to access 
supporting documents and Web sites. Gantt and PERT charts from MS 
Project are shown in Figures 3.1 and 3.2.
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Project Scheduler works with an SQL database and is MS Office compatible. 
Information from multiple projects or subprojects can be merged or 
consolidated to reveal company—wide resource utilization. The report 
writer enables a wide range of standard and customized reports, which 
can be output in HTML format. Data can be located on shared disk 
drives and accessed only by users with the appropriate password. AProject 
Scheduler resource screen is shown in Figure 3.3.

NOTES

3.6 WEB-BASED PROJECT MANAGEMENT
It should be clear from the previous section that virtually all project 
management software products include the capability to take advantage 
of Web-based technology. This is because the benefits of Web technology 
are very well suited to the needs of project management.

Benefits
A project Web site and Web-based project software are especially helpful 
in situations where project team members are located at different sites. 
Putting project information on the Internet or other networks utilizing 
Internet standards expedites projects that might ordinarily be delayed 
because team members are dispersed. Benefits of Web based project 
management include immediate availability of project information, efficiency 
and accessibility for communicating with workers, ease of learning and 
usage, and reliability and currency of information because it is entered 
and communicated in real time.
Web-based project management fills the information needs of project 
stakeholders at all levels; from individual teams, team members, and 
project managers working on a particular project; to high-level managers 
who want information about every project in the organization. With Web- 
browser integrated project management software, each team member 
can have her own individual Web page on which to report progress and 
retrieve assignments. Web pages forteammembersat scattered worksites 
enable everyone to easily send information to the project manager, and 
vice versa. The project manager can then aggregate the provided information 
to create an overview of the entire project. Web-based tools are easy to 
learn, understand, and use. Because the training and learning required 
for Web-based tools are minimal, team members can concentrate on their 
job rather than spend time in training, or in trying to figure out the 
software. In most cases, the necessary tools are already at hand. Web- 
based software requires one thing; access to a Web browser, such as 
Internet Explorer or Netscape, which is available on any computer with

104 Self-Instructional Material



TSgp<<»BOw OciiWi' D«een>EeTPesoui^e
NarresOID TasV Na^Tte Durat^ Start 9129 I 9/5 I 9/12 [ »t9 | 9g6 | 10/3 | KVIOI 1OT7| I1VS4| 101311 11/7 | 1V'4l 11/211 Hlga | 12/5 | 12/12| iai9| 1Z/26

T j )Wet*^/991. Introductory Activity 0.03 daya1

allt.i. Formationotteam 0.25 hre2 4/7/97 all
5 i3 I9A 2. introductory Activity t4.i3dav8 WeD 91/99

i w i2.T. Guideffnea 9.13 W Wad«a995

2 It. Discuse Guidelines Wed 9/8/99& 1 day all
|Kamy :7 2,12. Dteft G(Aiehf>es 2f>rs Wadd/B/99 Kaffiy I'

laWrlficliclas 
Kathy;

e 2 13. Review Guidelines Mon 9/1 a/99 aii/Dr Nicholas4 hr

2.13. finaJjJS Guidelines 1 hr Tue 9/31/99 Kathy9
[

)
10 2.2, Cover Pqe & TOC .wed 971/991 day

(Giriah 
H Gihsh 
|| Jinwen

Z2i.DtaH Cover Pagejl 1 day Wed 9/1/99 Girlsh

12 2 22. Finalize Cover Page I day Wed 9/1/99 GifiSh i

i)3 2.23. Table Of Contents 1 day wed 9/1/99 Jriwen
i14 2.3. Objectives 9.13 Daya Wed 9/6/99

I all15 2 31. Discuss Objectives 2 his Wed9/B/99 all
|PatTy16 2.32, Drati Objectives t hr Mon 9/13/99 Patty

Patty17 2.33. Rnailze Cftjectlves t hr Tue 9/2/99 Patty
!18 2.4. was (MS Project) 2.0$ daya Prt 9/17/99

I Kathy. Johri19 2.41. Draft W0S 2hrs FrI 9/17/99 Kathy, John

!|aff20 2.42. Edit WBS 2 hfs Mon 9/20/99 all ! ^^^^Kafriy.iJohn
21 2.43 Finalize W&S OShrs Mon 9/20/99 Kathy, John

f22 Pd 9/17/992.5. •nmeilne (MS Project) 2 daya
I Kathy Johi 

IjKathy, >ohn

1
23 2.51 Draft Timeline 3hrs FrI 9/17/99 Kathy, John

!24 2.62. Edit Timeline 1 day Mood/20/99 att

25 2.53, Finalize Ttmtlme 2 hra Mon 9/20/99 Kathy, John
ii26 36. Assign Aeaponslbfiiifes 1.06 days MorTSK2dt99 i

all27 2.61, Discuss Responsibilities 1 hr Fri 9/17/99 ail !26 2,62. Draft ResoonsiQiirtiee 1 hf Mond/2Cs99 Kathy, John Kathy,; John 
Kathy John29 2.63 Finalize Re5[)on$l0iittiea 0.5 hrs Mon 9/20/99 Kathy, John

I"'39 2.7. Compf/e and Edit 2 lift Monft«V99 sJJ
^ 9/223t 2.8, Submission of Proposal Q,25 hrs Wed 9/22/9$

32

♦Mileslona

.................................. Summary

Boiled Up Task

Rolled Up Split • •

P Rolled Up Milestone O

Rolled Up Progress CZ

Ejdemal Tasks 
Project Summary

Task

Split
IVWWWWWWV^Progress

Fig. 3.1. MS Project Gantt chart.

■

2as "aS n.
Q 2oc 5ss

5 5 £B o
O'
3

.0-

e



% “13

<2.

2o2
HS-. Mo nV) Oa(%

3S
a n
Sf a2
a: .

Fig. 3.2. MS Project PERT network diagram.



■{5F30,<3 hllp://iv»ni>.tcit(n.cotn/lmaiiot^pt6'iotovco.gff • MiCfOtdfl (nlocnet Enphiet proVKtMi bf Lofola Oweago

C*e £d< ^ew Fj^m iooli Hob

3> ' 1" ciT' @ i ll-’ ai' "B iH n4-> -It
^ stop Rohwh Home i Sa«eh F«v«m Hioot? : Hrf

fiiHvt* Htp/AMw* «cfC>.oo«i^r<»o«s/pi&<etaweK 4
Ptnt r8ad: k. *J

H
iLOiistnjclkHV

£ilo £d<t View Insert FQtmst loots {terms v^irtdow ^elp
>i>ij I? -

i'' .

a

Otfsa ai3i' 3t fee,-o
XV f

ij QT X v< la , CrtiuiPd'h-Cui

*^>^ 2
•i

^yrtaany (Defeuii note | Con j ^CWgnrtw  t iWeeeutttH ae«pui<elD} R«»etiic« H«ne
•h<d ChKI1 C«W1 C<ew1

naiW<
LABOR
LA^'P snoomJIEIOIO ettv Bhfl

3 E10?0 SUMAlW LABOR ehM SXtntih £Sneo© LABOR er»u OMU tlSOOhSHOW BrerxtaHaword w

n LABOR SOSOCUh ►tS|Koeo K^chOeorpe 6h« ShH
LABOR CTrAf' SitAoe^

S24.l»h
< CRivn 
7 ElOSO

acvti . tMI*»
LABOR ShAI 8M1 brBebHwd

Bril STSOOh6 UVSOA Maria Vegn LABOR (tr

9 KBARN LABOR Bril ShM snooAilOnOeme0) r> a?'LABOR eril S24.00AIAifxJeivt mu

I® SMOOA)LAB»t mu nvdIt enoo AttsRochHe w
IdMt? f(H2P OltSRfouipfnent

ISjFORX
lew

saiOooBOAfortsn lOTlCR OM Ifl
S40 63<HOTHB? OhA) SMIDurpTruatalOk:7l' -

fe]PorW

i^Stnt I *yf ^^Jf^^Wff/Miiiutciurcan^'n 'j jQhnp/Zwww ic^ei^pra ~ |p£]a>4: n'^ I
]

Fig. 3.3. Project Scheduler resource screen.

•>
3

a
a. 5-

?l" aS. 5'

8
oig

a
p

a
b;
■Ms



Project Management Internet access. Internet and intranet networks are easy to use and 
learn, and therefore team members are likely to use them more frequently 
for status reporting. Special Web site administration is unnecessary when 
team members, who enter up-to-date information, maintain their own 
sites. Web-based communication not only provides management with a 
current view of projects, but it demands low overhead and frees management 
from worry associated with system updates and maintenance.

NOTES

Intranets, Virtual Private Networks, and Security
Security of information on a network is an important matter for organizations 
using Web-based project management. Project Web sites may contain 
information that an organization does not want to share with outsiders, 
in which case the company should use an intranet or a virtual private 
network. An intranet, a private computer network, uses Internet standards 
and protocols to allow communication among people within an organization. 
This internal network provides access to a common pool of information 
from computers within organizational walls. The intranet is owned by 
the organization it serves, to be accessed only by organizational members 
and other authorized persons. Access can be extended to include trusted 
external organizations, partners, or clients throu^ direct, private line 
connections, or through the Internet. Either type of extended network is 
called an extranet.

Unless the network is connected to the Internet, it is very difficult for outsiders 
to break into the system. Organizations take steps to keep unauthorized 
people out of their intranet systems by using firewalls and other mechanisms 
that either block unauthorized access or make internal information unreadable 
to unauthorized computers that gain access. When employees are allowed 
to access the Internet from inside the company’s property, the company 
can keep its stored information secure with the use of firewalls and virtual 
private networks. A virtual private network allows access by authorized 
users to an orgEinization’s intranet from the Internet. Every computer connected 
to the Internet has a numerical or Internet protocol (IP) address which serves 
as its unique “identification number.” Afirewall compares the IP address 
of a computer attempting to access the protected network with a list of 
authorized IP addresses. The firewall acts as a sort of gatekeeper that requests 
from all visitors the key to access, and either allows or denies entrance to 
the network. When the firewall permits access, the requesting computer 
is connected to the company’s intranet . Otherwise, access is denied and 
the computer rejected. However, when an unauthorized computer finds a 
“hole” in the firewall to gain access, it will encounter a second security level, 
“authentication,” which requires entry of an authorized user name and password 
combination. Without the right combination, access will be denied.

If the system operates as a virtual private network, a third security level.
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called “encryption,” exists. If you have ever entered a credit card number . 
on a Web site to make a purchase, you have encountered this type of 
security. When an individual enters a credit card number on a Web 
site, usually a key appears on one side of the browser window. The 
key indicates that the site is secured with an encryption technique 
that will jumble the information into an indecipherable status until 
the receiver provides appropriate information for “unencryption”.

NOTES

Group Productivity

Intranets use browser-based software for enabling users to move easily 
among different kinds of software tools and perform a wide variety of 
functions. With an intranet it is very easy to access group productivity 
software and to store reports, profiles, calendars, and schedules. It is 
also easy for internal users to locate information in these documents 
using special search tools. This information can be shared and revised 
by team members in different locations using document-sharing tools 
such as newsgroups, chat rooms, and electronic whiteboards. These 
tools are especially useful for sharing pictorial information about product 
design requirements and descriptions. One of the most common ways 
that project managers use intranets is for collecting and reporting 
information about time spent on projects. Time information is collected 
and retained in a project database, then accessed by project management 
software to report and tally time spent on projects, and track time 
needed to complete the project.

Another important tool for project managers is e-mail. More than just 
a means of dashing off a note, teams send multiple copies of memos 
back and forth over e-mail to share information and resolve problems. 
Other means for collectively sharing information about issues and problems 
include discussion forums and chat areas. By completing an e-mail 
form, a .person can initiate or contribute to a topic for a discussion 
forum. Everyone in the discussion group list can view others’ contributions 
and add comments. Chat areas are similar to e-mail although, unlike 
e-mail and discussion forums in which the transmission is time-delayed, 
they permit almost immediate response by participants to incoming 
messages.

It used to be that to hold a team meeting in which the members are 
geographically dispersed, special video-conferencing facilities were 
necessary—no longer. Video, voice, and data can) be shared over the 
intranet or Internet at desktop locations. The information conveyed 
over a network can be spreadsheet, word document. Power Point 
presentation, chart, graphic, photo, engineering design, or video files. 
At Boeing, all designs and changes are electronic, so the status of any 
design, including the most recent changes, is always accurate and
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available immediately to everyone. Specific notification of any change 
can be sent via an e-mail list-serv to everyone who needs to know. The 
names on the list-serv are specified on a responsibility matrix (each 
person involved in a particular work package that has “N” responsibility). 
As long as team members have access to a computer and browser, they 
can participate in a meeting. For example, engineers in Seattle having 
trouble assembling a mock-up can send video images to a design team in 
New York. The design team can see what the mock-up looks like, assess 
the problem, and make a decision. Without this technology the design 
team would actually have to go to Seattle.

Project Management

NOTES

3.7 APPLYING COMPUTER-BASED PROJECT 

MANAGEMENT SYSTEMS

PMIS in the Project Life Cycle
A computer-based PMIS can assist the project manager throughout all 
phases of the project life cycle. Figure 3.4 shows the range of managerial 
tasks and functions where a PMIS can help. Following are ways a PMIS 
is applied during the project life cycle.

I

Conception. During the conception phase, mathematical/statistical and 
“thought organizer” software are employed for feasibility analysis, cost- 
benefit studies, and project development. PMI software is used to model 
variations of the end-item, to create a work breakdown structure, preliminary 
budget and schedule, and to prepare documents and presentations to 
management. Integrated software combining design and management analyses 
are used for performing tradeoff and feasibility studies and preparing 
proposal and contract documents.
Definition. Objectives and work tasks defined in conception are, input 
to PMI software to check precedence relationships and to produce networks 
and Gantt charts with schedule dates, slack times, and critical path. 
These outputs are used for further analysis to determine necessary 
resources and to prepare more detailed schedules and budgets. A PMIS 
is used to perform “what if” analysis to evaluate the interactive effects 
of altering project scope, resources, and schedules, and to prepare a 
final baseline plan specifying the cost-account structure, detailed work 
tasks, labor/equipment/ material requirements, and final schedules down 
to the work task level. In projects with dispersed work teams, data is 
gathered via the Internet or an intranet to maximize the scope and 
validity of information used to prepare the project plan.
Execution. Once the project is underway, current information from all 
project sites is entered into the project database and is compared to the
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and graphics help facilitate comprehension and communication of progress 
information. Key parameters held in the system monitor performance 
and give warnings whenever variances move outside tolerable limits. 
The PMIS provides cost and schedule forecasts to help the project 
manager develop scenarios about alternative, corrective strategies. It 
also helps her identify and investigate opportunities to reduce costs 
or finish early. APMIS linked to purchasing and inventory files assists 
in expediting orders, tracking deliveries, and controlling inventories.

/ ' •*

NOTES

Conception
Preliminary 
Schedule 

o Network Model 
o Schedule 
A Summary graphics

Approval Cycle
o oa Work scope definition 

ooACBid preparation 
ooAOManagement presentation

Preliminary Budget
oncost estimates 
00 Labor requirements 

□ Financial structure
L

Definition
Detail Schedule 

o Detail task model 
oWorking calendars 
o Critical path analysis 

oA Reports and graphics 
o Reviews, revisions

Related Control Systems 
OP oCwifiguration 

management 
Procurement tracking 

ooDrawings control 
ooRecords management

Cost Management Planning
oWcrk/funclional breakdowns 

ooControl procedures integratior 
□ Cost accounts specifications

*♦

T
Schedule/Budget

Baseline
o Final schedule
□ Bid reviews
□ Cost summaries 

onaSign-off

Progress Tracking
o Collect progress status 

OQ Measure quantities 
OG Update schedule

Resource Planning 
OP Labor equipment 

material requirements 
o Availatkiity assessments 

o A Distribution analysis 
006"Whal if analysis

♦

Execution
Cost Collection 

oo Post actuals 
□ Extract accounting data 

OP Summarize cost

Materials Management
o» Expedite orders 
oo Track deliveries 
o 0 Control inventories

Records Management
oocdntrol document revisions 
ooManage site inspections 
oOTrack contracts

Performance Measurement 
OPAO Monitor project status 
ooA Analyze varances 

□A Assess productivity 
Forecast trends

Reporting 
PA Create working 

graphics
ooAOReport exceptions 

AReview with 
management

. i

♦

Phase Out
KeyProject Evaluation

OPAO Contract performance 
review

OQA Productivity analysis 
ooAO Final project report 
ooAO Historical archives

Reporting 
00 Revise budgets 

o Modify schedules 
OP Analyze alternatives 

DOAORecommend action

0 Schedule '
oCost
AGraphics
0 Relational

database

>

Figure 3.4. PMIS functions in the project life cycle
The PMIS enables the project manager to take quick corrective action 
by providing timely, accurate reports of deviations from cost, schedule, 
or technical performance objectives. When critical decisions affecting 
project objectives, scope, and resources must be made, information can 
be rapidly reported to upper management and the user. Computer- 
based systems are especially useful when decisions must be evaluated
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Project Management about resource transfers which affect multiple projects. Mathematical 
and statistical packages are used to model problems and assess alternatives. 

Whenever changes must be made to the plan, PMI systems that integrate 

time, cost, and resources help managers revise schedules, budgets, and 
plans, and report changes to project participants. Design changes and 
their effects on project plans are swiftly communicated via Internet or 
intranet.

Termination Phase-Out. During phase-out the PMIS is used for reviewing 
requirements to ensure contract commitments have been fulfilled. Throughout 
the project, information—from original studies and the baseline plan, to 
the most recent plan for completion—has been entered into the project 
database. This information, properly organized, provides a complete set 
of project archives. Maintaining such archives is an important, though 
often neglected, function of project management. If the database is indexed 
by date, critical information about any stage or element of the project 
can be retrieved and sequenced into a series of “snapshots” to outline 

the project’s history. This information forms a major portion of the project 
post completion summary.

NOTES

Fitting the PMIS to the Project
Though most computer-based PMI packages are no match for the capabilities 
of Sally that is not a problem when such capabilities are not required. 
Just as the project team should carefully plan and define the project 
before it begins, so too should it plan'and define the information requirements 
of the PMIS; then it should choose the PMIS that satisfies these requirements 
most economically and effectively.
The idea of having a computer PMIS is, in the words of Palla, to “get the 
right information to the right person at the right time so the right decision 
can be made for the project.” Whatever PMIS is able to do this is the 
right one. However, as alluded to earlier, deciding which is the right one 
is not necessarily easy. When a computer-based PMIS is being chosen 
and implemented for the first time, it is a good idea to start out with a 
small-scale project and a limited PMIS application—a “prototype” system 
that can be developed quickly and at low cost to test its feasibility. The 
project staff should evaluate the system to determine how well it fulfills 
the information requirements of the test project. The evaluation should 
indicate what features need to be added or enhanced, or if the system 
should be discontinued and a new system tried instead.
Choosing, developing, and implementing a PMIS is a project and so it 
is very appropriate to apply the project management principles espous
ed in this book to ensure that its goals are fulfilled and its users are
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satisfied. Many firms use more than one kind of PMI package—for 
example, Microsoft Project for smaller projects and Artemis for large 
ones. Some firms rely on a highly user-friendly package to help clients 
feel comfortable with the output data, then transfer the data to a more 
powerful package for planning and control. NOTES

3.8 THE CONTROL PROCESS

As author Daniel Roman states, the control process is concerned with 
assessing actual against planned technical accomplishment, reviewing 
and verifying the validity of technical objectives, confirming the continued 
need for the project, timing it to coincide with operational requirements, 
overseeing resource expenditures, and comparing the anticipated value 
with the costs incurred. In general, the process is achieved in three 
phases: (1) setting performance standards, (2) comparing these standards 
with actual performance, then (3) taking necessary corrective action.

In the first phase, performance standards are defined and expressed 
in terms of technical specifications, budgeted costs, schedules, and 
resource requirements. Performance standards are derived from the 
user requirements, the project plan, and the statement of work. These 
standards precisely define the cost, schedule, and technical factors to 
be regulated and the boundaries within which they must be maintained.

In the second phase, the standards are compared with the actual project 
performance to date. Schedules, budgets, and performance specifications 
are compared to current expenditures and work completed. The time 
and cost of work still remaining are estimated and used to forecast 
the anticipated date and cost of the completed project.

Finally, whenever actual performance significantly deviates from standards, 
corrective action is taken. Either the work is altered or expedited, or 
the plans and standards revised. When work performance is deficient, 
resources are added, shifted, or altered. When original estimates or 
expectations prove unrealistic, then project goals are changed and the 
performance standards themselves revised. The project control system 
and the project organization itself might have to be restructured. To 
keep the project close to plan, obviously there must first be a. plan. 
Thus the initial step in project control is project planning, though, in 
a sense, the two are interrelated and it is sometimes difficult to tell 
where planning stops and control begins. In contrasting the two, Roman 
notes that planning anticipates action, whereas control initiates action. 
Both work toward similar ends:

• Planning concentrates on setting goals and directions; control 
guides-the work toward those goals.
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Project Management • Planning allocates resources; control ensures effective, ongoing 
utilization of those resources.

• Planning anticipates problems; control corrects the problems.
• Planning motivates participants to achieve goals; control rewards 

achievement of goals.NOTES

3.9 INFORMATION MONITORING
To enable timely.and effective project control, the project must be systematically 
tracked and observed. This requires setting up a project monitoring function. 
The monitoring function is composed of two activities: data collection 
and information reporting. It is during the first phase of the control 
process—while performance standards are being set—that a data collection 
and information reporting system is established.
Data for monitoring the project must be directly related to the project— 
their plan, outputs, schedules, budgets, and standards. Typical data sources 
include materials purchasing invoices, worker time cards, change notices, 
test results and expert opinion. A balance must be struck between gathering 
too much data and too little. Too much data is costly to collect and 
process, and will be ignored; too little does not capture the project status 
and allows problems to go unchecked.
The monitoring function must ensure that management receives reports 
in sufficient detail and frequency to enable them to identify and correct 
problems while they are small. It must guarantee that significant deviations 
from the plan, called variances, will be flagged.
The timing of measurement and reporting—daily, weekly, or monthly— 
is also important. Data can be collected periodically or topically, and 
reported periodically or by exception. The distinction is crucial to the 
effectiveness of the monitoring function. At minimum, reports should 
coincide with significant project milestones and be available in sufficient 
time to permit problems to be spotted while they are still small.

3.10 INTERNAL AND EXTERNAL PROJECT 

CONTROL
Both internal and external control systems are used to monitor and 
regulate project activities. Internal control refers to the contractor’s systems 
and procedures for monitoring work and taking corrective action. External 
control refers to the additional procedures and standards imposed by 
the client, including taking over project coordination and administration 
functions. Military and government contracts, for example, impose external 
control by stipulating the following of the contractor:
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• Frequent reports on overall project performance.

• Reports on schedules, cost, and technical performance.

• Inspections of work by government program managers.

• Inspection of books and records of the contractor.

• Strict terms on allowable project costs, pricing policies, and 
so on.

External controls can be a source of annoyance and aggravation to the 
contractor because, superimposed on internal controls, they create 
management turmoil and increase the cost of the project. Nonetheless, 
they are sometimes necessary to protect the interests of the client. To 
help minimize conflicts and keep costs down, contractors and clients 
should work together to establish agreed-upon plans, compatible 
specifications and joint methods for monitoring work.

NOTES

3.11 FINANCIAL ASPECTS
_fl___________________________________________________
'■f

T=p traditional cost control, the method for measuring performance is 
called variance analysis. This involves comparing actual costs with 
planned costs to see if the amount spent was more or less than budgeted. 
In project management, cost variance analysis is, by itself, inadequate 
because it indicates neither how much work has been completed nor 
what the future expenses are likely to be.

Consider the following weekly status report for a software development 
work package:

Budgted cost 
for period = $12,000

Period
variance = $2,000

Actual cost 
for period = $14,000

Cumulative actual 
costs to date = $29,000

CumulativeCumulative budget 
to date = $25,000 = $4,000variance

The report indicates apparent overruns for both period and cumulative 
costs, with to date cumulative costs running $4,000 (16 percent) over 
budget. However, because we do not know how much work has been 
completed for the $29,000, it is impossible from this data to determine 
if the project is really over budget.

Suppose that the $25,000 indicated was the amount budgeted for completing 
50 percent of software development work. That is, as of the week of 
this report, 50 percent of the work package should have been completed. 
Therefore, as of the week of the report, if only 30 percent of the work 
had been completed, then the project would be over budget and behind 
schedule, and additional cost overruns could be expected just to get
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caugKt up. I'l GU percent ot the work had been completed (as intended), 
then the project would be on schedule but still over budget. Something 

would have to be done to reduce future expenditures and eliminate the 
$4,000 overrun. If, however, as of the week of the report, 70 percent of 
the work had been completed—20 percent beyond what was scheduled— 
then the project would actually be ahead of schedule; future expenditures 
would probably be less than budgeted, possibly reducing or eliminating 
the $4,000 variance by project completion. In other words, in the last 
case the project is probably not over budget because substantially more 
work has been completed than was planned for this date. This example 
shows that cost variance information alone is inadequate; it is also necessary 
to have information about work progress—information such as percentage 
of work completed, milestones achieved, and so on—to be able to assess 
the status of the project and suggest a course of action. In project management, 
work progress as of a given status date is expressed using the concepts 
of percent complete and earned value. These concepts will be discussed 

later. There are times when even work progress information is not enough. 
Whenever large developmental problems, schedule delays, or changes to 
the scope of work arise, then the original plans, schedules, and budgets 

are invalidated. It is then necessary to modify the plans and update the 
budgets and schedules themselves. Effective project control thus requires 
comparisons not only of actual costs and work completed to budgets and 

work plans, but of budgets and work plans to revised estimates of the 
costs and work necessary to complete the project.

•8>->

NOTES

3.12 MATERIAL AND EQUIPMENTS

PERT/Cost Systems
The previous section showed that traditional cost variance analysis alone 
is insufficient; information also is needed on work progress. Early attempts 
to correct for this using PERT/CPM went to the opposite extreme by 
ignoring costs and focusing entirely on work progress. If PERT/CPM 
users wanted to integrate cost control with network planning methods 
they had to develop their own systems.
In 1962 the U.S. government developed a PERT-based system which 
combined cost-accounting with scheduling. Called PERT/Cost, the system 
became mandatory for all military and R&D contracts with the Department 
of Defense and National Aeronautics and Space Administration (DOD/ 
NASA).6 Any contractor wanting to bid to DOD/NASA had to demonstrate 
the ability to use the system and to produce the necessary reports. Although 
this mandate increased usage of PERT/Cost, it also created resentment.
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Many firms found the project-oriented PERT/Cost system an expensive 
duplication of, or incompatible with, existing functionally oriented 
accounting systems. Interestingly, many firms not involved in DOD/ 
NASA bidding voluntarily adopted PERT/Cost with far fewer complaints. 
PERT/Cost was a major improvement over traditional cost-accounting 
techniques because it blended costs with work schedules. Just as important, 
it spurred the development of other more sophisticated systems to 
track and report work progress and costs on a project rather than a 
fiscal/functional basis. PERT/Cost was the original networkbased PCAS. 
Hereafter the term PCAS will be used to refer to any network-based 
cost accounting system that incorporates PERT/Cost principles.
Most PCASs integrate work packages, cost accounts, and project schedules 
into a unified project control package. They permit cost and scheduling 
overruns to be identified and causes to be quickly pinpointed among 
numerous work packages or cost accounts. Rapid identification and 
correction of problems are the greatest advantages of modern PCASs. 
Two elements common to most of these systems are use of work packages 
and cost accounts as basic data collection units, and the concept of 
earned value to measure project performance.

NOTES

Work Package and Cost Account Control
Earlier unit described the importance of work packages and cost accounts 
as planning tools. It is no coincidence that they are also major elements 
of project control. Each work package is considered a contract for a 
specific job, with a manager or supervisor responsible for overseeing 
costs and work performance.- Acost account consists of one or more 
work packages. Both include information such as work descriptions, 
time phased budgets, work plans and schedules, people responsible, 
resource requirements, and so on. During the project, work packages 
and cost accounts are the focal point for data collection, work progress 
evaluation, problem assessment, and corrective action. Early PERT/ 
Cost systems were inadequate for two reasons. First was the problem 
of how to handle overhead expenses. Typically, work packages are 
identified in either of two ways; (1) as end products when they result 
in a physical product and have scheduled start and finish dates, or (2) 
as level of effort when they have no physical end product and are 
“ongoing”—such as testing or maintenance. Given that there is usually 
no direct connection between company overhead and either of these 
kinds of work packages, there is a problem with arbitrarily allocating 
overhead expenses to them. Any arbitrary allocation of expenses reduces 
expense control and distorts the apparent performance of work packages. 
Work package managers have little influence on overhead, yet such 
costs are a frequent source of overruns. In current PCASs the problem
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Project Management is resolved in two ways. First, any expenses such as supervisory and 
management overhead that can be traced to specific work packages are 
allocated directly to them. Second, any overhead that cannot be traced 
to specific work packages is separated by using either an “overhead” 
work package for the entire project (lasting for the duration of the project) 
or a series of shorter duration overhead work packages. Overhead work 
packages are kept “open” for the duration of the project and extended as 
needed if the project is delayed.
Another problem with some early PERT/Cost systems was that they 
consolidated and reported information only at the project level, rnaking 
it difficult to sort through hundreds of work packages to locate sources 
of cost or schedule overruns. Other systems reported information only 
at the work package level, which was fine for project control but conflicted 
with the functionally organized cost and budgeting systems that most 
organizations use. In modern project management the individual work 
package remains the central element for control, but PCASs now permit 
consolidation and reporting of information for any level of the project, 
from the individual cost account or work package up to the project level. 
Additionally, most also permit consolidation and reporting of project 
information using a functional breakdown.
For instance, when cost accounts are established for work packages, the 
PCAS can aggregate them vertically through the WBS or horizontally 
through the project functional organization. Because higher-level accounts 
in the cost-account structure are built up through the WBS and organizational 
hierarchies, variances in costs and, schedules at any project level can be 
tracked through the structure to identify the work packages causing the 
variances. Similarly, cost or schedule variances observed at the project 
level can be traced back through the account structure to find the functional 
departments responsible for the variance.

NOTES

Earned Value Concept
Costs are budgeted period-by-period for each work package or cost account 
(time phased budgeting). Once the project begins, work progress and 
actual costs are tracked every period and compared to these budgeted 
costs. Managers measure and track work progress using the concept of 
earned value. Roughly, earned value represents "an estimate of the “percentage 
of work completed” thus far. (The variable “BCWP,” discussed later, is 
the identical concept.) Like expense data} the earned value for the project, 
individual work packages, or levels in between can be summarized and 
reported through the PCAS.
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Project control means keeping the project on track according to the 
project plan. This section focuses on three major aspects of the project 
control process; work authorization; collecting cost, schedule, and work 
progress data; and scope, quality, schedule, and cost control.

NOTES

Work Authorization
As shown in Figure 3.5, work authorization begins with upper management, 
moves down through middle management, and ends with the work 
teams. Before they accept responsibility,'each level should review’tasks 
they are authorized to perform according to the specified statement of 
work, schedule, and budget.
Authorization formally occurs upon top management’s acceptance of 
the project plan. This authorizes the project manager, functional managers, 
and supervisors to begin expending project funds for labor and materials. 
Similar authorization is extended to subcontractors and suppliers.
On large projects, authorization is subdivided into the stages of contract 
release, project release, and work order release or requisition. After a 
contract has been awarded, the contract administrator prepares a contract 
release document that specifies contractual requirements and gives 
project management the go-ahead. The comptroller or project accountant 
then prepares a project release document that authorizes funding for 
the project.
Actual work begins when a department or work unit receives a work 
order or requisition, which might be an “engineering order,” “shop 
order,” “test order,” or similar document, depending on the kind of 
work. Each work order is a small but crucial part of project control; 
it specifies how requirements are to be fulfilled, the permissible resources 
to be expended, and the time period over which the work should span. 
Work orders include:

• Statement of work.

• Time-phased budget of direct labor hours, materials, and other 
direct costs.

• Schedules, milestones, and relationships to other work packages.

• Position of the task in the WBS.

• Specifications and requirements.

• Cost-account number and position in the cost-account structure.

• Signatures of person authorizing and person accepting responsibility.
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Upper management authonzes project via contract 

release or project work release

i
Project n^anager authorizes departmental 

work via incremental work ordersNOTES A\
Functional managers authonze release 

work orders for sections

//i\\
Work sections begin work

Fig. 3.5. Project work authorization process.

Before any task can begin, a work order requisition or other such order 
is required. As the start date for a given task draws near, the project 
office releases authorization to begin work using the work order document. 
Each work order is assigned to a cost account and is updated as new 
information is available or new requirements arise. Other authorization 
documents such as purchase orders, test requests, and tool orders are 
released as needed.

Collecting Cost, Schedule, and Work Progress Data
Work orders and their cost accounts are the fundamental elements of 
project control. For each work order, data about actual costs and work 
progress is periodically collected and entered into the PCAS. The PCAS 
tallies and summaj;izes information up through the WBS and project 
organization structure in a process similar to creating the budget summaries ' 
described in the last chapter. Using work order information, the PCAS 
generates performance reports on a period-by-period basis for every work 
package, the entire project, every department or section, and at various 
levels of the WBS.

Assessing the impact of work progress on work schedules is the responsibility 
of the functional manager or team supervisor in charge of the work 
order. Each week the supervisor tallies the labor hours for each task as 
indicated on time cards. She notes tasks completed and tasks still “open,” 
and estimates the time still needed to complete open tasks. Progress is 
recorded on a Gantt chart showing completed and open tasks. Figure 3.6 
is an example showing the status of the LOGON project as of Week 20. 
Notice that work packages K, L, M, and Q are all behind schedule. How 
is work progress measured? Certainly costs and time elapsed are measured 
easily, but neither say much about the actual progress made toward 
completing the project. There are few instances in project work where 
performance can be measured precisely or reliably. Because for many 
tasks finding quantitative measure
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Fig. 3.6. Gantt chart showing work status as of week 20.

of progress is difficult or impossible, managers typically rely on the 
subjective estimates of people involved in the tasks. Although resulting 
measures are not accurate, their approximation to reality comes close 
enough to improve project control efforts.

In a survey of conventional ways to meastire ongoing project performance, 
Thompson identified the following.

1. Supervision. Managers and supervisors assess progress by direct 
observation, asking questions, and reviewing written reports 
and project documentation.

2. Milestones. Milestones are easily measured end-points of tasks 
or transition points between tasks. Milestones, usually considered 
critical to the project, represent achievement of a desired level 
of performance, including, for example, completion of drawings, 
reports, design documents, or solution specific technical problems.

3. Tests and demonstrations. These can range from simple testing 
of system elements and components to full-system and user 
acceptance testing. They are a good way of obtaining periodic, 
objective measures of technical systems’ progress at intermediate 
stages of the project.

4. Design reviews. These are review meetings with managers and 
technical personnel (engineers, systems analysts, designers, etc.) 
to review the state of progress of a design or system against the 
plan.

5. Outside experts. The project manager or other stakeholder invites

u ;

r

t ’
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Project Management a person or “expert panel” with experience to review project status. 
Such experts assess project status by observation, talking to project 
personnel, and reviewing documentation.

;
/

Status of design documentation. Experienced project managers can6.
NOTES determine when a design is nearly finished by the “completeness” 

of documentation such as drawings, schematics, functional diagrams, 
manuals, and test procedures.

7. Resource utilization. A request for or change in resources may 
reflect progress; for example, tasks nearing completion often require 
special testing or implementation facilities, personnel, and equipment.

8. Telltale tasks. Certain tasks such as concept design, requirements 
and specification definition, feasibility analysis, and repeated testing - 
should be completed early or midway through the project; they 
may signify a lack of progress when occurring later in the project.

Benchmarking or analogy. Certain tasks, or the entire project, 
may be compared to similar tasks or projects as a crude way to 
weigh relative progress.

Changes, bugs, and rework. The rate of changes to the plan (design, 
schedule, budget), number of system bugs, and amount of rework 
also are measures of progress. Because, ordinarily, the number of 
changes, bugs, and so forth, should decrease as the project nears 
completion, a sustained high number may indicate lack of progress. 

The work package supervisor documents any changes in estimates or 
schedules for remaining work and submits it to the project manager for 
approval. Using net work methods, the impact of current work on remaining 
work is reassessed. Each week the work package supervisor also tallies 
current expenses. Labor hours reported on time cards are converted 
into direct labor cost. The supervisor adds direct labor, material, and 
level-of-effort costs for completed and open tasks to the cost of work 
done in prior periods, then applies the overhead percentage rate to 
applicable direct charges. Late charges and outstanding costs (a frequent 
source of cost overruns) are also included.
As each task is completed its cost account is closed to prevent additional, 
unauthorized billing. Each week a revised report is prepared showing 
costs of all work completed in prior periods plus work accomplished in 
the current period. This is reviewed, verified, and signed by the supervisor 
before forwarding it to the project manager. Once work package information 
has been validated by the project manager it is entered into the PCAS 
so that costs to date can be accumulated across all work packages and 
summary reports prepared. Periodically the project manager reviews 
the summary reports to reassess the project and prepare estimates of

9.

10.
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the work and cost still needed to complete the project. These estimates 
plus the record of project costs and work progress to date provide a 
forecast of the completion date and project cost at completion.

NOTES
3.14 PROJECT CONTROL EMPHASIS

In project control, the emphasis is on scope, quality, schedule, and 
cost. \

Scope\Change Control
A 'change\in project scope is an alteration to the original, agreed-upon 
scope statement defined in the project plan and specified in the WBS. 
Projects have a natural tendency to grow over time because of changes 
and additions in the scope, a phenomenon called “creeping scope”. 
Changes or auditions to the scope reflect changes in requirements and 
work definition that usually result in time and cost increases. The aim 
of scope change control is to identify where changes have occurred, 
ensure the changes are necessary and/or beneficial, contain or delimit 
the changes wherever possible, and manage the implementation of 
changes. Because changes in scope directly impact schedules and costs, 
controlling scope changes is an important aspect of controlling schedules 
and costs.

Quality Control
Quality is synonymous with ability to conform to the requirements of 
the end—item and work processes and procedures. Quality control is 
managing the work to achieve the desired requirements and specifications, 
taking preventive measures to keep errors and mistakes out of the 
work process, and determining and eliminating the sources of errors 
and mistakes as they occur. The quality plan describes necessary “quality 
conditions” for every work package; that is, prerequisites or stipulations 
about what must exist before, during, and after the work package to 
ensure quality. The quality plan should specify the measures and procedures 
(tests, inspections, reviews, etc., as discussed earlier) to assess conditions 
and progress toward meeting requirements.

Another part of quality control is tracking project performance with 
respect to technical requirements, and modifying the work or the 
requirements as necessary. A variety of methods are employed for 
testing and inspection to eliminate defects and ensure that end-items 
satisfy requirements. Tests and inspections should be ongoing so that 
problems or defects are identified as early as possible. In general, the 
earlier in the development cycle that problems are found, the less
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Project Management costly it is to remedy them. The following illustrates an inspection approach 
appropriate for use in design engineering and software development 
projects.

In assisting project managers to meet conditions, achieve requirements, 
and eliminate defects, quality control identifies why requirements or 
conditions are not being met; that is, the sources of defects, mistakes, or 
problems, as well as ways to eliminate the sources so the same problems 
won’t reappear. Although projects are unique entities, they often consist 
of repeating tasks or processes that may incubate sources of errors, 
mistakes, or defects. To deal with quality problems that are both unique 
and repetitive, the project manager can appoint a quality-improvement 
team, which is a small group of individuals responsible for identifying 
and eliminating the sources of quality problems.

On a small project, one cross-functional team might serve the function; 
on a large project, several specialized teams might be needed to address 
particular problems in certain phases or technical areas of the project. 
To help eliminate problem sources and improve processes in future projects, 
the contractor or customer can incorporate the findings of these quality- 
improvement teams into larger, ongoing continuous improvement efforts.

NOTES

Schedule Control
The intent of schedule control is to keep the project on schedule and 
minimize - schedule overruns. One cause of project schedule overruns is 
poor planning and, especially, poor definition and time estimating. However, 
even when projects are carefully planned and estimated, they can fall 
behind schedule from causes beyond anyone’s control, including, for example, 
changes in project scope, weather problems, and interrupted shipments 
of materials. Other, more controllable, causes of schedule overruns are 
as follows.

1. Multitasking. Working on many tasks or projects dissipates focused 
energy, causing some tasks to be delayed. For example, a contractor 
has three independent projects, X, Y, and Z, each of which are 
anticipated to take 10 weeks to complete; further, assume that 
the contractor is anxious to finish all of them as soon as possible. 
Instead of giving any project priority, the contractor divides each 
into small pieces so that, in a sense, work on all three can occur 
at the same time. If the projects were scheduled sequentially, 
without interruption, and, if X was given top priority, Y secondary 
importance, and Z last place, then, as shown in Figure 3.7, Schedule 
(a), Project X could be finished at Week 10, Project Y at Week 20, 
and Project Z at Week 30. However, when the projects are broken 
up into smaller pieces, say, in 5-week periods, so that work alternates
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among projects, then the elapsed time for each of the projects 
becomes 20 weeks. This is illustrated- in Figure 3.7, Schedule 
(b). The net result is that two of the projects are actually delayed: 
Project X finishes in Week 20, and Project Y. finishes in Week 
25. In general, the,more tasks or projects are broken up to be 
worked on concurrently, the greater the elapsed time necessary 
to finish each of them.

2. Procrastination. Given a choice between two scheduled times, 
one early and on late, the human tendency is to wait until the 
late time to begin. This, of course, automatically eliminates any 
slack time for a task, puts it on the critical path, and increases 
the likelihood of project delay.

s

3. Task variability. The time to complete a task is variable: Some 
tasks will be completed sooner than expected; others later. In 
projects, however, the effect of early tasks and late tasks on the 
project schedule do not average out, and it is only the late tasks 
that count. For example, a task takes 8 days to complete. If the 
task is actually completed in 10 days, the 2-day delay will be 
passed on to succeeding tasks. If, however, the task had been 
completed in 6 days, the 2-day savings usually will not be passed 
on to succeeding tasks because they are not scheduled to start 
until Day 8. In most cases, those responsible'for initiating later 
tasks either will not know that they could have started earlier 
or, if informed they can start sooner, won’t have the resources 
to do so.With parallel activities the effect is the same, even 
when some tasks finish early and some late. Figure 3.8 shows 
Task D with three predecessors. Suppose tasks Aand B finish 
10 days ahead of their late finish dates, and that Task C finishes 
10 days after its late finish date. On average, the three tasks 
are finished (10 - 10 - 10)/3 = -3.33, which means 3.33 days 
early. Only Task C counts, however, and as a result, Task D is 
delayed 10 days. The following are guidelines for controlling 
schedule variability and keeping projects on schedule.

• Fight the tendency to multitask. Do not interrupt work on 
particular tasks or projects by interspersing work on other 
tasks or projects. Assign priorities; then work continuously 
on one task or project at a time until completed. Not only 
does this reduce the total elapsed time to complete the task 
(Schedule (a). Figure 3.7), it also tells workers on what to 
concentrate.

NOTES
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Fig. 3.7. Effect of multitasking on elapsed and completion times.

• Include time buffers in the schedule. A time buffer is a schedule 
reserve, an amount of time included in the expected duration 
to account for variability in completion times. To implement a 
time buffer, start with the late finish date and advance it 
(move it up) by the buffer amount. If the late finish date is 
July 31- and the desired time buffer is 4 weeks, the late finish 
date on the schedule is set for 4 weeks earlier. Goldratt suggests 
that, in general, time buffers should be located at two places; 
(1) at the end of every subpath in the project network that 
leads into the critical path, and (2) at the end of the critical . 
path for-the entire project. The size,of the time buffer depends 
on the perceived variability or uncertainty in project tasks. It 
can range from a small percentage of the total time estimate 
to well over 50 percent.

t

Fig. 3.8. Influences of early and late predecessor's.
Because of people’s tendency to procrastinate or slack off when , they 
perceive excess available time, the project manager does not broadcast 
the time buffers, but enforces the advanced schedule. .Of course, the 
project manager can further increase the likelihood of finishing on time 
by circulating only one set of dates—the early start and finish times for 
the advanced schedule.
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Figure 3.9. Inclusion of time buffers in the Aroma project schedule.

• Frequently report the expected completion times. For adequately- 
preparing activities to start at the earliest possible time, 
information on the progress on their predecessors is necessary. 
Especially in extremely time-sensitive projects, reports on 
every activity should be delivered on a daily basis indicating 
the expected number of days remaining to complete and the 
earliest date by when subsequent activities will be expected 
to begin. In priority projects, the expectation is that as soon 
as the immediate predecessor is completed, the work group 
next in line will stop doing whatever else it is doing to 
begin work on the project activity. The continual reporting 
about progress gives work groups time to acquire additional

/
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resources they might need, and to quickly finish up whatever 
else they are doing.

• Publicize the consequences of schedule delays. All project team 
members, subcontractors, and suppliers should be informed 
about the consequences of overrunning the schedule, and of 
the possible benefits of beating the schedule. Often the project 
manager is unaware of the consequences, so he and other 
stakeholders are not especially concerned about schedule overruns. 
The project contract might include incentive pa5Tnents to the 
contractor to complete the project early or on time, though 
regardless of, contract type the project manager might be able 
to add money to the budget for making bonus payments to 
workers as incentives to deliver on schedule.

Project Management

NOTES

4

3.15 PERFORMANCE ANALYSIS

Data collected through the PCAS is used to assess project work, schedule, 
and cost performance. Analytical methods for assessing performance are 
described next.

Cost and Schedule Analysis with Budgeted Cost of Work 

Performed
The status of the project or any portion of it can be assessed with three 
variables: BCWS, ACWP, and BCWP.

• BCWS is the budgeted cost of the work scheduled—the sum cost of 
all work, plus apportioned effort, scheduled to be completed within 
a given time period as specified in the original budget. It is the 
same as the time-phased budget mentioned before. In Week 20, 
for example, to date BCWS is $512,000 and weekly BCWS is $83,000.

\
• ACWP is the actual cost of the work performed—^the actual expenditure 

incurred in a given time period. It is the sum of the costs for all 
completed work packages plus all “open” work packages and overhead. 
As one measure of project performance, ACWP can be compared 
to BCWS. Suppose in the LOGON example that the ACWP as of 
Week 20 is $530,000. This is $18,000 more than the budgetesl-amount 
of $512,000. Remember, however, that whether or not thi^epresents . 
a cost overrun depends on how much work has been completed. 
The additional $18,000 might have resulted from some tasks being 
performed ahead of schedule, meaning that the project is not overbudget 
but rather is ahead of schedule. As mentioned before, project work

V
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This is where the next variable comes in.

• BCWP is the budgeted cost of the work performed. This variable 
is the same as the earned value concept mentioned earlier. It is 
determined by looking at work tasks already performed (completed 
and open work packages, plus overhead) as well as their 
corresponding budget to see what they were supposed to cost. 
Then,

• The BCWP for a completed task is the same as the BCWS 
for that task.

• BCWP of a partially completed work package is estimated 
more subjectively, using formulas or an actual tally of the 
work completed so far. It is sometimes computed by taking 
50 percent of BCWS when the work package is started, then 
the remaining 50 percent when it is completed at the finish.

The Parmete Company has a $200,000 fixed-cost contract to install 
1,000 new parking meters. The contract calls for removing old parking 
meters from their stands and replacing them with new ones. The cost 
for this is $200 per meter. Parmete estimates that 25 meters can be 
installed each day. On this basis, the budgeted cost of the work scheduled 
(BCWS) for any given day in the project is determined simply by multipl3dng 
the number of working days completed by the cost of installing 25 
meters ($200 times 25). For example, as of Day 18,

BCWS = 18 days x (25 meters) x ($200) = $90,000

Another way of sajdng this is that the $90,000 represents what the 
project was budgeted, or supposed to have cost as of the eighteenth day. 
Notice that cumulative BCWS is always associated with a-specific date 
on the schedule. At a rate of 25 meters per day and a cost of $200 per 
meter, the project should take 40 working days to finish and have a 
final BCWS of $200,000. In contrast, the budgeted cost of the work 
performed (BCWP), or the earned value, shows, for any day in the 
project, how much work has actually been done in terms of the budgeted 
costs. In this project, it is the number of meters actually installed to 
date times the $200 budgeted for each. Suppose, for example, that as 
of the eighteenth working day, 400 meters had been installed; thus, 

BCWP = (400 meters) x $200 = $80,000 

In other words, as of the eighteenth working, day, $80,000 worth of 
work has been performed. Now, given that $90j000 was the amount of 
work that was supposed to have been performed, the project is $10,000 
worth of work behind schedule. Notice that the $10,000 does not represent 
a cost savings, but rather that the project is behind schedule. $10,000

NOTES
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Project Management represents 50 parking meters, or 2 days worth of work, which, means 
that as of Day 18 the project is 2 days behind schedule. (The 2 days is 
referred to as the time variance, or TV.) Thus the concept of BCWP 
enables project cost to be translated into project work progress. As of 
Day 18, this project has made only 16, days worth of work progress. This 
is represented on the graph for BCWS and BCWP in Figure 3;10.

NOTES

Fig. 3.10. BCWS and BCWP graph.

As stated before, besides completed tasks, the BCWP must also reflect 
tasks started but not yet completed (open tasks). For example, suppose 
that before quitting at the end of the eighteenth day the meter installer 
had just enough time to remove an old meter but not to put in a new one. 
Therefore, the work on that task was 50 percent completed. If this was 
the four hundred and first meter, then BCWP would be the full cost for 
the first 400 meters plus 50 percent of the cost for the four hundred and 
first:

BCWP = $80,000 + (0.50)($200) = $80,100

Thus, as of Day 18 the BCWP would be $80,100, which is slightly more 
than 16 days of work completed. (Actually, it represents $80,100/(25 * 
$200) = 16.02 days of work, which puts the project 1.98 days behind 
schedule, but such precision is usually unwarranted.)

When taken together, the variables BCWS, ACWP, and BCWP can be 
used to compute variances which reveal different aspects about the status 
of a project. For example, assume for the LOGON project as of Week 20, 
shown in the graph in Figure 3.11,

BCWS = $512,000 

ACWP = $530,000 

BCWP = $429,000
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accounting, schedule, time, and cost.

1. AV = BCWS - ACWP (accounting variance) = - $18,000

2. SV = BCWP - BCWS (schedule variance) = - $83,000

3. TV = SD - BCSP (time variance) = [SD is the "status date" (here 
Week 20) and BCSP is the date where BCWS = BCWP (here, 
about Week 19)] = about 1 week

4. CV = BCWP - ACWP (cost variance) = - $101,000

The accounting variance (AV) of -$18,000 is the difference between the 
current budget and current actual expenditures. As Figure 3.11 reveals, 
as of Week 20, actual expenses were $530,000 even though only $512,000 
was budgeted.

The schedule variance (SV) shows that the total work'completed as of 
Week 20 is -$83,000 less than planned, suggesting that the project is 
behind schedule. The time variance (TV) shows approximately how 
much the project is behind schedule, about 1 week. This is because 
only $429,000 worth of work has been completed (BCWP), which is 
roughly the amount of work scheduled (BCWS) to have been completed 
a week earlier.

The cost variance (CV) of -$101,000 also takes into account the status 
of work indicating, again, that LOGON is behind schedule. Given that 
it compares actual work completed with actual costs, it is a more valid 
measure of cost performance than SV. However, taken alone, even CV 
can be misleading. Sometimes a negative CV (overrun) arises because 
of factors that are outside of project control, such as overhead rates. 
Sometimes a positive CV (underrun) occurs because bills have not yet 
been paid (or are paid in periods other than when expenses are incurred). 
In the end, individual cost sources should be scrutinized.

NOTES

Work Package Analysis and Performance Indices
For the project manager to know the status of the project, she needs 
information on the performance for all work packages and participating 
functional areas. With information from the PCAS, graphs can be performed.

Consider the status of the LOGON project as of Week 20. Referring to 
Figure given above, activities H, I, and J have been completed and are 
closed accounts, activities K through Q are “open” and in progress. 
This Gantt chart gives a general overview of work package and project 
status, but to determine the origins of project problems it is necessary 
to assess each work activity in more detail. For' this, two kinds of 
performance indices are used to assess the schedule and cost performance 
of work packages and the relative size of problem areas:

1
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Project Management 1. SPI = BCWP/BCWS (schedule performance index), and

2. CPI = BCWP/ACWP (cost performance index).

Values of SPI and CPI greater than 1.0 indicate that work is ahead of 
schedule and underbudget, respectively; values less than 1.0 represent 
the opposite. Table 3.1 shows cost and variance information for all LOGON 
activities as of Week 20. The performance indices CPI and SPI show 
trouble spots and their relative magnitude. Notice that L, M, and Q have 
fallen the most behind schedule (they have the smallest SPIs) and that 
L' and M have had the greatest cost overruns relative to their sizes (they 
have the smallest CPIs). The overall project is “somewhat” behind schedule 
and over cost (SPI = 0.84; CPI = 0.81).

Focusing on only the project level or only the work package level to 
determine project status can be misleading, and the project manager 
should scan both, back and forth. If the project manager looks only at the 
project level, good performance of some activities will overshadow and 
hide poor performance in others. If she focuses only on individual work 
packages, the cumulative effect from slightly poor performance on many 
activities can easily be overlooked. Even small cost overruns on many 
individual work packages can add up to large overruns for the project.

The importance of examining detailed variances at both project and work 
package levels is further illustrated in the following two examples. The 
SV = $83,000 in Figure 3.11 would suggest that the LOGON project is 
behind schedule; this project level analysis says it is about 1 week behind 
(TV = 1). However, scrutinizing Figure 3.6 reveals that one of the work 
packages behind schedule, Activity M, is on the critical path. Because 
this activity appears to be about 3 weeks behind schedule.

NOTtS

Fig. 3.11. LOGON project status as of week 20.
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Table 3.1. LOGON Performance Report Week 20 
Cumulative to Date.

CPIActivity BCWS ACWP BCV/P SV CV SPI

1.000 1.00100 100 0100H* NOTES
-6 1.00 0.9170 64 064I*
-1 1.00 0.9997 096 96J*

2 0.88 1.1712 -216 14K
-12 0.6030 18. -18 0.5036L
-77 0.30110 33 -51 0.3984M
-5 1.00 0.8945 40 0N 40
-A 0.8628 24 4 1.200 20

2 1.00 1.0922 24 0P 24
16 -16 0 0.50 1.0032 16Q

-83 -101 0.84 0.81Project 512 530 .429

*Completed
the project must also be 3 weeks behind schedule, not 1 week as estimated 
by the project level analj^is. The importance of monitoring performance 
at the work package level is further illustrated by the following example 
from the ROSEBUD project. Figure 3.12 is the cost report for Work 
Package L for Month 2. This report would likely be available to managers 
about 2 or 3 weeks into Month 3. The numbers in the BCWS columns 

derived from the Month 2 column in the budget plan. Current and 
cumulative numbers are the same because Work Package L begins in 
Month 2. The performance indices (total costs) for Work Package L are

are

Morin 2Rosebud DatePrpjecs

Work PackageProgram mifia.Department

Current Period Cumulative to Date

CV BCWP CVBCWP SV BCWS ACWP SVBCWS ACWPCharge
Direct laOor 

Professional 
Associate 
Assistant

6,050
4,538

4,840
3,630

6.050
5,445

-1,210 -1,210 
-1,615

4,640
3,630

6,050
5,445

-1,210
-906

-1,210
-1,815

Direct labor cost 
Labor overhead 
Other direct cost

6,050
4,538 -908

8,420 -3,025
-303

6,470 -2,118 -3,025
-303

10,568
,1,059

11,495
1,150

-2,118
-212

10,588
1059

11,495
1,150

Total direct cost
General/
adminstrative

847847 -212

11,647 9,317 -2,330 -3,3289,317 12,645 -2,330 -3,328 12,647Costs Total 11,647

Note: BCWP is for 80 percent of work scheduled and labor overhead is increased 
to 90 percent 0l labor cost.

SPI: BCWP/BCWS = 80 CPI: BCWP/ACWP = .74

Fig. 3.12. Cost chart as of month 2. 

SPI = BCWP/BCWS = 0.80 and 

CPI = BCWP/ACWP = 0.74
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Project Management whicli indicate both schedule and cost overruns as of Month 2. Suppose 
the project manager investigates the costs for Work Package L and finds 
the following:
First, although ACWP and BCWS for direct labor are equal, BCWP reflects 
the estimate that only 80 percent of work scheduled for the period was 
actually performed (BCWP = BCWS * SPI = 6050 * 0.80 = 4850). Second, 
although ACWP and BCWS for direct labor are equal, the corresponding 
labor overheads are different. Suppose in this example that the difference 
was due to a rate increase in labor overhead from 75 percent to 90 
percent during Month 2 because of changes in company workload. If 
other projects required fewer direct labor hours than planned, projects 
such as ROSEBUD would have to carry a larger percentage of overhead 
expenses. The project manager has no control over factors such as this, 
yet they affect his costs. Now look at Figure 3.13, the cost report for the 
same work package for Month 3. The performance indices for cumulative 
total costs are

NOTES

SPI = BCWP/BCWS = 1.00, and 
CPI = BCWP/ACWP = 0.92

Notice that, first, direct labor AWCP for*the month is the same as 
direct labor BCWS, but more work was performed than expected for the 
month (BCWP > BCWS). The result is that the task was completed on 
schedule, as indicated by the cumulative SPI = 1.00. Also notice that 
there was a negative cost variance, but the project manager knows that 
it is not the project’s fault, because the contributing factor is the increased 
overhead rate, which remained at 90 percent during months 2 and 3. Of 
the numerous factors that affect project work progress and costs, some 
are simply beyond the project manager’s control. Thus, to determine the 
sources of variance and places where action can or must be taken requires 
close scrutiny of costs and performance at the work package level. A 
project level analysis is simply inadequate.

Moniri2RosebuoProject 
Department

Date ..

V\fork PackaQe ir.;_?.°.?2[^.C?_tpe.ciflcation5

Current Period Cumulative to Date

BCVVS BCWP ACWP SV CV BCWS BCWP ACWPCnarge SV CV
Direct labor 

Professional 
Associate 
Assistant

Direct laborcost 
Labor overhead 
Other direct cost

6,050
4,538

4,840
3,630

-1,2105,050
5,445

-1,210 
-1,815

6,050
4.538

4,640
3,630

6,050
5.445

-1,210
-1.815

-1,210
-908 -903

Total direct cost
General/
adminstrative

10,588 8,470 -2,11811,495
1,150

-3,025 10,588
1,059

8,470 
• 847

11,495
1,150

-3,025-2,118
1059 847 -212 -303 -212 -303

Costs Tctal 11,647 9,317 12:645 -2,330 -3,328 9,31711,647 12,647 -2,330 -3,328

Note: BCVIP isfor 60 percent of work scheduled and labor overhead is increased 
to 90 percent of labor cost.

SPI: BCWP/BCWS = 80 CPI: BCWP/ACWP = .74

\
Fig. 3.13. Cost chart as of month 3.
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Work progress should be reviewed and reported frequently. In general, 
time elapsed between reviews should be less than the average length 
of work packages. A good rule of thumb is to review work every 1 to 
2 weeks. For small projects, a weekly review will ensure that even 
small work packages—those lasting only 2 to 3 weeks—are reviewed 
at least twice. For large projects with lengthy work packages of several 
months, a review conducted every 2 to 3 weeks might be adequate. 
The goal is to review work often enough to be able to spot problems 
early, measure progress accurately, arid forecast outcomes, yet not so 
often that it is overly time-consuming or burdensome.
Following each progress review, it might be necessary to update scheduled 
completion dates of each task or work package based upon estimates 
of current progress. In general, the forecast finish date for a task is 
the start date plus the time remaining. The time remaining is determined 
in two ways. One way is to compute time remaining as a function of 
current progress and the days worked'so far, that is:

NOTES

Percent of task remainigTime remaining =
Percent progress per day

Where

Percent of task completed so farPercent progress per day =
Day worked on task so far

The other way is to simply get the estimate from an experienced, 
reputable source (“it’ll take another 5 days to finish the job”). The 
later often yields a more accurate estimate than the former because it 
accounts for possible recent changes in the rate of work progress.

Technical Performance Measurement
Besides costs and schedules, project performance depends on how well 
the project is meeting technical requirements of the end-item. Technical 
performance measurement (TPM) is a. methodology for tracking the 
history of a set of technical objectives or requirements over time. It 
provides management with information about how well the system 
development process is progressing with respect to particular system 
objectives, targets, or requirements. TPM’s intent is to monitor progress 
in performance measures and their relationship to goals or targets by 
providing (1) a best estimate of current technical performance or progress 

■ to date, and (2) an estimate of technical performance at project completion. 
Both kinds of estimates are based upon results from modelling, simulation, 
or tests and demonstrations.

(
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Project Management To perform TPM, it is necessary to specify certain technical performance 
measures that are key indicators of program success. These measures 
should be tied to user needs and represent major performance drivers. 
•A large-scale program might involve a dozen or so high-level measures, 
in which case it is necessary to define certain design parameters upon 
which the measures depend, and to place required values on these parameters. 
Examples of performance measures include:

Availability 

Back-up utility 

Safety 

Speed

Survivability 

Maintainability 

Flexibility 

Cycle time 

Efficiency 

Output rate

Periodically during the project, current (actual) performance estimates 
are computed or measured and then compared to objectives. Initially 
these estimates are based upon results from modeling and simulation 
activities, then later upon test and demonstration results using actual 
hardware and software. Current estimates and the technical objective 
are charted on a-time-phased TPM chart, which simplifies determining 
the extent of progress made toward achieving the objective. If actual 
performance for one part of the system exceeds the target or objective by 
some margin, then that margin can be traded-off against other parts of 
the system where performance is lacking or at risk.

. NOTES

Capacity 

Response time 

■ Security 

Setup time 

Durability 

Range 

Variance 

Cost

Utilization . 

Error/defect rate

Size or space

Reliability

Power

Interface compatibility 

Interoperability 

Simplicity/complexity 

Signal-to-noise ratio 

Trip time 

Idle time

SUMMARY

• PMISs have capabilities that assist project managers in planning, 
budgeting, and resource allocation.

• All project management software products include the capability 
to take advantage of Web-based technology. This is because the

' benefits of Web technology are very well suited to the needs of 
project management.

• Web-based project management fills the information needs of project 
stakeholders at all levels; from individual teams, team members,

- and project managers working on a particular project; to high-
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level managers who want information about every project in the 
organization.

The control process is concerned with assessing actual against 
planned technical accomplishment, reviewing and verifying the 
validity of technical objectives, confirming the continued need 
for the project, timing it to coincide with operational requirements, 
overseeing resource expenditures, and comparing the anticipated 
value with the costs incurred.

The monitoring function is composed of two activities: data collection 
and information reporting.

Project control means keeping the project on track according to 
the project plan. This section focuses on three major aspects of 
the project control process: work authorization; collecting cost, 
schedule, and work progress data; and scope, quality, schedule, 
and cost control.

IVOTES

REVIEW QUESTIONS

What are the different functions of the PMIS?

What are different- Benefits of Computer-Based PMISs? 

What are different features of PMISs?

What is the significance of project control?

What is internal and external project control?

Write the short notes on traditional cost control. 

Discuss cost accounting systems for project control. 

What are different project control processes?.

Write short note on performance analysis of a project.

1.

2;

3.

4.

5.

6.

7.

8.

9,

FURTHER READINGS

1. Project Management: Abdul Matheen, University Science Press, 
Delhi.

2. A Manual on Project Management: G.L. Tiku, Atlantic.

3. Essential of Project Management: Kamaraju Ramakrishna, PHI 
Learning.

4. Introduction to Project Management: M.K, Vashishta, Centrum 
Press.
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UNIT 4 PROJECT COMPLETION AND 

EVALUATION
NOTES

★ STRUCTURE ★

4.1 Project Evaluation

Integrated Project Managements Control System 

Reporting

Managing Transition' From Project to Operation

Termination Responsibilities

Closing the Contract

Project Extensions

Project Review/: Project Failure

Project Management Causes of Project Failure

Project Success .

Project Management Causes of Project Success

A Model and Procedure For Analyzing Project Performance

Summary

Review Questions

Further Readings

4,2

4.3

4,4

4.5

4.6

4.7

4.8

4.9

4,10

4.11

4.12

4.0 LEARNING OBJECTIVES
After going, through this unit, you will he able~to:

• describe Integrated project management control system

• define managing transition from project to. oppressions

• explain project review.
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and Evaluation4.1 PROJECT EVALUATION

Projects are open systems—They are goal-oriented and utilize feedback 

to determine how well they are doing and when they should alter 

their courses of action. The primary purpose of evaluation in project 
management is to assess performance, reveal areas where the project 
deviates from goals, and uncover extent or potential problems so they 

can be corrected. Although it is certain that problems and deviations 

will occur, it is not known a priori where or when.

Evaluation also serves the purpose of summarizing project status to 

keep stakeholders informed. Upper management and the customer want 
to know how the project is progressing, and project personnel need to 

be kept abreast of project status and work changes. Once the project 
is completed, evaluation’s purpose is to summarize and assess the 

outcome.

Two kinds of evaluation occur in projects. (1) Formative evaluation 

happens throughout the project life cycle and provides information to 

guide corrective action. (2) Summary evaluation occurs after the project 
is completed and focuses on the end product or result. Formative evaluation 

is designed to pilot the project as it progresses. It asks the questions 

“What is happening?” and “How is the project proceeding?” Summary 

evaluation is designed to appraise the project after completion. It addresses 

the questions “What happened?” and “What were the results?”

NOTES

Project Formative Evaluation
Project formative evaluation must account for the fact that projects 

' are complex systems: Cost, schedule, and work performance criteria 

are interrelated, and interdependent work packages draw from the 

same pool of limited resources. As a result, well-intended corrective 

measures directed exclusively on just one performance criteria can 

lead to problems in others. Similarly, attempts directed solely at improving 

performance in one work area can have detrimental effects on others. 
To provide information that realistically portrays the status of the 

project and enables the project manager to draw accurate conclusions, 
project evaluation must incorporate three performance criteria 

simultaneously—cost, schedule, and technical performance, and it must 
account for the impact that changes in any one work area will have on 

other related areas. The evaluation process must be able to signal
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project Management To provide information that realistically portrays the status of the project 
and enables the project manager to draw accurate conclusions, project 
evaluation must incorporate three performance criteria simultaneously— 
cost, schedule, and technical performance, and it must account for the 
impact that changes in any one work area will have on other related 
areas. The evaluation process must be able to signal potential trouble 
spots so action can be initiated before problems materialize. The best 
kind of evaluation not only reveals problems, it points out opportunities 
to reduce costs, speed up work, or enhance project outcomes in other 
ways.

NOTES

Methods and Measures
A variety of methods, measures, and sources should be used to obtain 
evaluation information. These methods and measures should be specified 
before the project begins and included in the project plan. By relying on 
a variety of methods and measures (as opposed to just a few), the project 
manager can more readily spot problems and opportunities. Variety in 
the sources of information increases the validity of the evaluation, particularly 
when several sources all lead to the same conclusion. The four primary 
ways for obtaining and/or conveying project evaluative information are 
graphics (charts and tables), reports (oral and written), observations, 
and review meetings Charts and tables are the most expeditious way 
for displa3dng cost, schedule, and work performance information. Their 
advantage is to reduce large amounts of complex information into simple, 
comprehensible formats. They clarify information on project progress, 
performance, and predictions. The charts and tables used in the previous ' 
three chapters, particularly the computer-generated ones, are good examples.
When distributed and prominently displayed they allow everyone to 
appreciate the current status' and direction of the project. The danger of 
charts is that they can hide or obscure information leading to facile and 
erroneous conclusions. For example, it was noted earlier that because 
project level charts tend to hide problems at the work package level, 
conclusions need to be substantiated by more detailed work package 
level analysis. Also, charts and tables neither reveal the underlying causes 
of problems nor suggest opportunities. Thus, the project manager also 
has to rely on additional sources of evaluative information, such as personal 
reports and firsthand observation. Charts and tables often require substantial 
time to prepare and update, and their information value has to be viewed 
with this trade-off in mind. Using computerized PMISs with graphics 
capability reduces this problem. '
Oral reports about project status and performance are another source of 
evaluative information. These are easy and quick to obtain, but their 
quality and reliability depends on the interpretative and verbal skills of
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the presenter. Unless followed by a written report, verbal information 
easily gets lost or garbled. Written reports are valuable but their quality 
and usefulness also varies. Written reports are most effective when 
they succinctly summarize information and make use of ratios and 

graphics to highlight important points. During the planning phase, 
the format and timing for all key evaluation documents for the duration 

of the project should be specified.
The more channels that information must pass through to travel from 
sender to receiver, the more distorted the information gets. The project 
manager can reduce information distortion by increasing firsthand 

observation and on-site contact with supervisors and workers. Not 
only does this reduce the filtering associated with upward communication, 
but it helps maintain the workers’ sense of importance about their 
contribution to the project. Good project managers do not live in their 
offices; they are usually on-site. Of course, one person cannot be in all 
places at all times, and the larger and more geographically disperse 

the project, the relatively fewer places the project manager can visit, 
even on an infrequent basis. All of these are useful and important 
ways to obtain and convey evaluative information. Still another way, 
one of the most important, is the project review meeting.

NOTES

4.2 INTEGRATED PROJECT MANAGEMENT 

CONTRCOL SYSTEM

Purpose of Review Meetings
The main function of project review meetings is to identify deviations 
from the project plan so corrective action can be quickly taken. During 
these meetings, participants focus on (1) current problems with the 
work, schedule or costs, and how they should be resolved, (2) anticipated 
problems, and (3) opportunities to improve project performance. Review 
meetings are the managerial equivalent to the “quality circle” (QC) 
groups used in production environments. QC^^oups get the people 
most closely associated with the job—the workers—to (1) identify quality- 
and production-related problems as well as opportunities for work 
improvement, (2) develop ways to resolve problems and take advantage 
of opportunities, and (3) implement them. (In larger projects, the use 
of both managerial review meetings and QC groups helps to identify 
and resolve problems that either alone would miss.)
Review meetings can be informal and scheduled weekly, or formal and 
scheduled whenever needed or according to particular phases of the 
project. Most large projects require both kinds of reviews.
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Project Management Informal Reviews
Informal reviews are held frequently and regularly, and involve a small 
number of people. They also are referred to as “peer reviews” because 
the people involved are usually members of the project team. These 
reviews focus on project status, special problems, emerging issues, and 
the performance of the project with regard to requirements, budgets, 
and schedules. Selection of meeting participants depends on the phase 
of the project and issues at hand so that only the appropriate project 
team members, customer representatives, functional or line managers, 
and project managers are chosen. Before these meetings, status reports 
and forecast time and cost-to-complete are updated. Also, attendees who 
were assigned topics in advance prepare presentations. Attempts by the 
project manager to dominate meetings will be met with resistance and 
withdrawal. To encourage honesty and candor, the project manager should 
assume the role of group facilitator. Because reviews are intended to 
uncover problems and issues, problems and bad news should be expected 
and openly confronted. Finger pointing, passing blame, or smoothing 
over of conflict should be avoided— these reactions waste time, discourage 
attendance, and detract from, the real value of the meetings, which is to 
identify problems and reach agreement on corrective action.

NOTES

Formal Reviews
Besides these periodic, informal reviews, formal reviews scheduled in 
advance are held at critical stages or project milestones. Among the 
most common formal reviews conducted during project definition and 
execution phases are the following:

Preliminary Design Review. The functional design is reviewed to 
determine whether the concept and planned implementation fits 
the basic operational requirements. i

Critical Design Review. Details of the hardware and software design 
are reviewed to ensure that they conform to the preliminary design 
specifications.

Functional Readiness Review. For high-volume products or mass- 
produced goods, tests are performed on the first, or early, items 
to evaluate the efficacy of the manufacturing process.

Product • Readiness Review. Manufactured products are compared 
to'specifications and requirements to ensure that the controlling 
design documentation produces items that meet requirements.

Formal critical reviews serve several purposes: minimization of risk, 
identification of uncertainties, assurances of technical integrity, and assessment 
of alternative design and engineering approaches. The project team assumes

1.

2.

3.

4.

.! . -"V:
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responsibility for accumulating information for formal reviews. Unlike 
in peer reviews, actual oversight and conduct is the responsibility of 
a group of outsiders. These outsiders, either technical experts or experienced 
managers, are intimately familiar with the workings of the project and 
the project organization, though not formally associated with the project 
organization or its contractors. A formal review may last for several 
days and require considerable preparation and scrutiny of results. 
The required time to prepare and conduct reviews and to obtain approvals 
should be allowed for in the project schedule.
Formal reviews can be a precondition for continuing the project, as in 
the phased project planning approach described earlier. Following formal 
review of the most recent project phase, a decision to continue or 
terminate the project is made.
A related special review, a project audit, provides the sponsor or customer 
with an independent assessment of project progress. In any project, 
regardless of contractual obligations, the customer should assume the 
ultimate responsibility as the project watchdog because it is the customer 
who will ultimately suffer the loss should the project get into trouble. 
Hence, sometimes the customer should initiate a project audit. The 
audit can be conducted early in the project, during design or construction, 
or at any time a significant change in the budget, schedule, or goals of 
the project occurs. Essentially, the purpose of the audit is the same as 
for a formal critical review: to verify project'progress, examine constraints 
to progress, assess the effectiveness of the project organization in doing 
its job, and advise possible solutions to problems. An audit should 
scrutinize the project management and organization, project definition, 
schedules, budgets, constraints, and cornmunications. An audit' usually 
takes 1 to several weeks to conduct.

NOTES

Taking Action
When problems are identified^ at a review, an action plan is formulated 

immediately or preparations are made so it can be prepared later. In, 
the later case, the manager responsible for the action is named and 
a subsequent meeting is convened with only the affected individuals.
Each action plan includes a statement of the problem, objectives for 
resolving it, the required course of action, a target date, and who is 
responsible. Figure 4.1 shows a sample action plan. To assure coordination 
of work and commitment to effort, approval should be sought from 
everyone who will contribute to or be affected by the action plan.
An example of another action plan is that of the problem failure report. 
NASA, for instance, uses sucli a report for tracking all problems and 

focusing pn the most important ones. For every problem identified, a /
I
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Project Management problem failure report is prepared. The problem is assigned two ratings; 
one to indicate its impact on mission success (1 = negligible impact; 3 = 
mission catastrophic); the other to indicate both certainty of an identified 
cause and confidence with a proposed solution (1 = known cause and 
known solution; 4 = unknown cause, unverified solution). Problems given 
a 2, 3, or 4 rating are those that might be potentially mission-threatening 
and require the project manager’s personal sign-off. The problem failure 
report is retained electronically. On the Mars Pathfinder project, over 
800 of these electronic reports were generated and subsequently evaluated.
At every review meeting, problems should be documented and an action 
plan summary prepared. The action plan summary should indicate for 
each problem the actions to take, the people held responsible, and the 
target completion date. The status of every problem is evaluated at subsequent 
meetings with a review of actions taken and progress.

NOTES

Project Meeting Room
Project-related meetings and conferences typically are convened in a 
central meeting place or project office. As described earlier, the chosen 
location should serve as a physical reminder of the project and provide 
space for storing, preparing, and displaying project information. Gantt 
charts, project networks, and cost charts comparing planned and actual 
performance are permanently displayed for easy reference.

Problem Area Objectives Actions Who When Completed

1. Planing 1. Establjsh backup 
support for each 
systems.

1. (A) Discuss 
systems with 
analysts who 
support them; 
formulate plan 
for each systems.

Project 
leaders and 
analysts

Jan. 1
and
scheduling

2. Review all 
systems. 
Eliminate those 
not used; clean 
up others.

Ron Gilmore2. (A) Prepare 
questionnaire on 
system status.

Nov. 15

2. (B) Complete 
questionnaires.

Analysts and 
programmers

Dec. 1

/ 2. (C) Determine 
status and 
specific actions.

PL. analysts and 
programmers

Jan. 31
I

I

3. Provide 
information on 
purposes and 
uses of new 
project 
management 
system.

3. Prepare seminar 
on PMS and 

. present to staff.

Joan Gibb Befwe March 1

Fig. 4.1. Sample action plan.
. /

I ■!
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Company management must be kept apprised of the status, progress, 
and performance of all ongoing and upcoming projects. Problems affecting 
profits, schedules, or budgets, as -well as their expected impacts and 
recommended actions should be reported promptly. The customer also 
should be periodically updated about project status and notified whenever 
major problems arise. Consideration also should be given to providing 
status reports to other stakeholders (those who have a perceived or 
genuine interest in the project), weighing confidentiality and privacy 
issues against opportunity costs. The final choice, of course, rests with 
management. Stakeholders to consider include citizen, professional, 
and activist groups, public agencies, stockholders, and others who have 
a stake in project outcomes—its end-items, side effects, or spin-offs.

NOTES

Reports to Top Management and the Office of Projects
Top management should be sent monthly progress reports summarizing 
project status. Suggested reports include

1. A brief statement summarizing the project status.

2. Red flag items where corrective action has or should be taken.
3. Accomplishments to date, changes to schedule, and projections 

for schedule and cost at completion.
4. Current and potential problem areas and actions required.

5. Current cost situation and cost performance.

6. Manpower plan and limitations.
When several projects are simultaneously authorized or underway, 
management uses this information to compile monthly summaries of 
the relative status of all projects. For each project, the summary includes4 
the names of the customer and the project manager; the monetary and 
labor investment; scheduled start and finish dates; possible risks, losses, 
and gains; and other information requiring top management review.
The summary enables top management to assess the relative performance 
of all projects , and their combined influence on the company. It also 
assists the project office in planning, coordination of authorizations, 
and resource allocation, and it reduces the possibility of the firm overlooking 
key issues or overcommitting resources. Reports to top management, j 
prepared by the project manager or project staff, summarize the monthly 
status reports generated by the PCAS or PMIS.
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Project Management Reports to Project and Program Managers

On large projects, the project manager receives frequent reports from 
work packages about the value of work completed-to-date, forecasts of 
costs-at-completion, and revised calendar schedules for completion. The 
same kind of information is accumulated down to the work package level 
by the project manager or other control personnel in the project office. 
The project manager also receives monthly financial status reports showing 
costs incurred and cumulative planned costs versus actual costs . These 
reports are also sent to the company financial manager or controller.

NOTES

Reports to Functional Managers
Functional managers should be sent monthly status reports showing man
hours and costs associated with work packages in their respective areas..

Reports to Customers/Users
The project manager should send monthly status reports to the customer. 
These reports should include recent changes as requested by the customer 
and changes resulting from unavoidable events that impact on work scope, 
schedule, or cost. The reports should be presented to the user in a clear 
and understandable format. Requests or questions from the user should 
be quickly followed up by the project manager. Although the-company 
marketing or customer relations director frequently is given the job of 
communicating any contract-related information to the customer, the 
project manager should take final responsibility for ensuring that the 
customer is well-informed about project status. The project manager, as 
the person ultimately accountable for project performance, must answer 
to the user regarding any project problems. Keeping the customer well- 
informed avoids later “surprises;” it helps ensure that claims are settled 
quickly and minimizes snags at termination.

4.4 MANAGB^G TRNSITION FROM PROJECT TO 

OPERATION

Projects, by definition, are activities of limited duration; all projects 
come to an end. When this happens, it is the project manager who ensures 
that all project-related work has been completed and formally closed out 
by a specified date. It is the project man ager’s responsibility to put an 
end to the project—sometimes a tough requirement, especially when 
there is no follow-up project.

The Last Step
By the time the end-item has been delivered and installed, many people
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in the project team will have lost enthusiasm and be anxious to move 
on to something new. As a result, termination gets little attention as 
managers eagerly shift emphasis to upcoming projects or scan the 
environment for leads about potential projects. Yet, as common sense 
indicates, terminating a project is no less important than any other 
project activity. In fact , the process of terminating a project is so 
critical that it can determine whether, ultimately, the project is deemed 
a success or failure.

Termination can occur in a variety of ways; the best way involves a 
planned, systematic procedure; the worst, an abrupt cancellation of 
work, slow attrition of effort, or siphoning off resources to higher 
priority projects. When the project goes sour, it is either terminated 
before goals are reached, or allowed to “limp along” until fizzling out 
before completion. Unless formally terminated, projects have a tendency 
to drag on, sometimes unintentionally from neglect or insufficient resources, 
sometimes intentionally for lack of follow-up work. Workers remain 
on the project payroll for months after their obligations have been 
met, which can turn an otherwise successful project into financial failure. 
As long as the project has not been officially terminated, work orders 
remain open and labor charges continue to accrue.

NOTES

Reasons for Termination
Project terminations essentially fall into three categories: project objectives 
have been achieved, it is more convenient to stop than continue, or 
default. Even in the first case—when projects are terminated because 
contractual objectives have been met-^it takes a skilled project manager 
to orchestrate termination and ensure that no activities or obligations 
are uncompleted or unfulfilled. The seeds of successful termination 
are sown early in the project. Because termination requires customer 
acceptance of the project results, the criteria for acceptance should be 
clearly defined, agreed upon, and documented at the beginning of the 
project. Any subsequent changes to criteria made during the project 
should be approved by both contractor and customer. Throughout all 
phases of the project, the project manager must emphasize achievement 
of the customer’s acceptance criteria. Some projects never reach fruition 
because of uncontrollable factors in the environment.

Such terminations may arise from changing market conditions, skyrocketing 
costs, depleted critical resources, or declining priorities that make 
completion infeasible or undesirable. The decision to abort before completion 
occurs when associated financial or other losses are less than those 
expected from carrying the project through to completion. The customer 
may simply change his mind and no longer want the project end-item. 
Projects also are halted because of unsatisfactory technical performance.
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Project Management poor quality materials or workmanship, violation of contract, poor planning 
and control, bad management, or customer dissatisfaction with the contractor. 
Many of these reasons are the fault of the contractor and project management; 
they could have been avoided had. management exercised better project 
planning and control, showed more respect for the user, or acted in a 
more ethical manner. These termination causes produce worse consequences, 
leaving user objectives unfulfilled and casting a shadow over the contractor’s 
technical competence, managerial ability, or moral standing.

NOTES

4.5 TERMINATION RESPONSIBILITIES
As with earlier stages of work, the project manager is responsible for 
planning, scheduling, monitoring and controlling activities at project 
termination. Some of these responsibilities listed by Archibald include
A. Planning, scheduling, and monitoring completion activities by

■ • Obtaining and approving termination plans from involved functional 
managers.

• Preparing and coordinating termination plans and schedules.

• Planning for reassignment of project team personnel and transfer 
of resources to other projects.

• Monitoring termination activities and completion of all contractual 
agreements.

• Monitoring the disposition of any surplus materials and special 
project equipment.

B. Final close-out activities, including

• Closing out all work orders and approving the completion of all
subcontracted work. ■

• Notifying all departments of project completion.

• Closing the project office and other facilities occupied by the project 
organization.

• Closing project books.

• Ensuring delivery of project files and records to the responsible 
managers.

Customer acceptance, obligation, and payment activities, including

• Ensuring delivery of end-items, side items, and customer acceptance 
of items.

• Communicating to the customer when all contractual obligations

C.
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have been fulfilled. '

• Ensuring that all documentation related to customer acceptance 
as required by contract has been completed.

• Expediting any customer activities needed to complete the project.

• Transmitting formal pa3maent and collection of payments.

• Obtaining formal customer acknowledgment of completion of 
contractual obligations that release the contractor from further 
obligation (except warranties and guarantees).

The responsibility for the last group of activities, particularly those 
relating to payment and contractual obligations, is shared with the 
contract administrator or the person responsible for company-client 
negotiations and legal contracts. The final activity, obtaining the certificate 
of customer acknowledgment, may involve claims in addition to the 
contracted price because the customer may have failed to provide agreed- 
to data or support, or requested items beyond contract specifications. 
In such cases the contractor is entitled to compensation. In other cases, 
described next, the client is compensated.

Before the project is considered closed, the customer reviews the results 
or end item to make sure everything is satisfactory. Items still open, 
in need of attention, or to be redone, and to which the contractor 
agrees, are recorded on a list (sometimes called a “punch list”). Items 
then are checked off the list by the contractor as they are rectified.

The importance of doing a good job at termination cannot be understated; 
neither can the difficulty. As mentioned, in the rush to finish the 
project and in the accompanying confusion, many of the termination 
responsibilities listed previously are overlooked, mishandled, or botched. 
To ensure they are handled properly, termination responsibilities should 
be systematically delegated and checked off as completed.

Project termination requires the same high degree of attention and 
service as do other project management responsibilities. A bungled 
termination can bungle the project.

NOTES

4.6 CLOSmO THE CONTRACT
Delivery, installation, and user acceptance of the main contract end- 
item (the major hardware, software, or service specified by the project 
contract) does not necessarily mean that the project is closed. Project 
completion may be held up pending the contractor’s delivery of necessary, 
ancillary articles—called side items—or payment of negotiated compensation 
for failure to meet contractual agreements.
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Side Items
Effective installation, operation, maintenance, and monitoring of the contract 
end item is often contingent upon availability of numerous contract side 
items such as special tools, instruments, spare parts, reports, drawings,. 
courses of instruction, and user operating and maintenance manuals. 
Subcontractors usually provide side items to the prime contractor or 
developer. They can range from the simple and mundane to the complex 
and innovative. An operating manual for a network server is an example 
of the former; a high-fidelity computer simulator for training operators 
of a large chemical processing facility is an example of the later. Simple 
or complex, side items are important because successful implementation 
of the main end-item and close-out of the project depends upon them. 
Like the main end item, side items are deliverable contract items. Their 
cost may account for a significant percentage of the total project cost. 
Often, however, perhaps because they are deemed “side” items, the amount 
of time and effort they require is underestimated. The result is that the 
project cannot be completed on time even if the main contract end-item 
has been successfully completed. Failure to deliver side items can subject 
the contractor to penalties or financial loss.

Side items should be included in alb aspects of project planning and 
control—requirements and work definition, budgeting, scheduling, and 
tracking. The project manager must make certain that the scope of 
work for side items is well understood and that qualified personnel are 
assigned with adequate time to fulfill requirements. Side items must be 
looked upon as part of the scheduled contracted work, not as afterthoughts 
or project extensions. To ensure that the project can be closed out on 
schedule, side items must be given full consideration far in advance of 
the scheduled completion date.

Project Management

NOTES

Negotiated Adjustments to Final Contract
In many high-cost projects, the contractor receives payment for only a 
portion of the total project cost, for example 80 to 90 percent, with the 
remainder conditional upon the contractor’s performance. Measures of 
performance may include the performance of equipment or service provided, 
the degree of contractor compliance with contractual agreements, or the 
quality of the working relationship maintained by the contractor.

These final payment contingencies are considered post acceptance issues 
because they occur after the major contractual items have been accepted 
by the user. If the delivered equipment is satisfactory yet does not perform 
up to the contracted specifications, if it is found defective after a trial 
period due to design or production inadequacies, or if the item is delivered 
late, the contractor may be responsible for paying negotiated compensation 
to the user.
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Contract sign-off might also be contingent upon how well the product 
functions after delivery. In that case, the project manager oversees 
installation, setup, and initial operation at the customer’s site. The 
contractor might also provide on-site user support, at no additional 
fee, until operating deficiencies have been removed.
Sometimes it is in the best interest of the customer or contractor to 
negotiate''aspects of the contract price or delivery date after the project 
is completed. The U.S. government and other customers retain the 
right to negotiate overhead rates even after the final price on a cost- 
plus contract has been received. Likewise, when an originally scheduled 
completion date has been overrun, contractors want to negotiate a 
revised contracted delivery date to match the actual delivery date so 
as to protect their reputation.

NOTES

4.7 PROJECT EXTENSIONS
When additional, related work is sought that extends beyond the scope 
of the original project, a new, smaller project emerges. Such project 
extensions arise from the need or desire to enhance the originally 
funded system. There are two kinds of extensions: discretionary and 
essential enhancements to the original contract end item. Discretionary 
enhancements are requested by the user or proposed by the contractor 
for the purpose of improving the operation or convenience of the original 
project end-item. The environment remains the same, but new and 
better ways are found to improve the item. In contrast, essential 
enhancements are compulsory and without them the item will cease to 
operate or become obsolete. When the end-item as originally planned 
is no longer adequate due to changes in the environment, it must be 
enhanced to remain viable. Project extensions are originated either by 
a request from the user (e.g., an RFP) or with a proposal from the 
contractor. They represent the initial stage, for a new project. Project 
extensions themselves become projects; they follow the stages of a 
development cycle and are planned, scheduled, and controlled just 
like the projects from which they evolved.

4.8 PROJECT REVIEW: PROJECT FAILURE
By looking at failure it is not the intent of this chapter to finish the 
book on a sour note; rather, we look at failure for one reason: to learn 
from past mistakes. Some philosophers (notably Karl Popper) say that 
knowledge advances not through success, but through failure. In science 
it is largely in those situations where theories fail to give reliable and
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Project Management accurate predictions that scientists are forced to advance new and better 
theories. Newton’s theories were supplanted by those of Einstein because 
they failed to explain certain phenomenon; now Einstein’s are being 
modified. It happens with common practice, also. Whenever underlying 
causes (or theories) are advanced about why a failure occurred, others 
can take actions to prevent similar failures from recurring. Many newsworthy 
project failures—those involving loss of life or significant resources— 
are followed by an inquiry or investigation, the results of which may be 
made public. Most failures do not receive full investigation, even when 
they should. It is in the spirit of learning and improvement that we 
examine project failure.

NOTES

What Is Project Failure?
No failure occurs in isolation. All failures are system' failures in the 
sense that they are actually the output of a particular system. That is to 
say, there are features or defects in the system that produced or allowed 
the failure. Broadly speaking, a system fails if it meets either of two 
criteria:

1. It does not satisfy the requirements of those involved with the 
system—management, users, or other affected parties. Project failure 
usually implies not meeting cost, schedule, performance, quality, 
safety, or related objectives.

2. It produces results that are undesirable to those involved with it. 
A failed project does not meet user or developer expectations, or 
leaves them worse off than before.

The criteria of project failure can be viewed from the two perspectives 
illustrated in Figure 4.2. As examples;

• When a fixed price project has a cost overrun, the developer must 
absorb the excess cost, suffering a loss or reduced profit. From 
the developer’s perspective, the project is a failure.

• The project end-item is not accepted or utilized even though it 
was delivered on schedule, under budget, and according to specifications. 
This is a project failure experienced by the user or other project 
recipients.

'The two kinds of failure can be mutually exclusive: while one of the 
parties experiences failure, the other experiences success. For example, 
even though project cost overruns might drive a developer into bankruptcy, 
the user may derive considerable benefit from the end-item; in contrast, 
the developer might earn handsome profits from the project, yet the 
user is disappointed with or never uses the end-item.
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Fig. 4.2. Perspectives of project failure.

As Figure 4.2 shows, however, the two kinds of failure are sometimes 
interlinked, as when the project end-item itself fails. For example, the 
collapse of a building during construction and any injury or loss of life 
it causes represents a “project failure” for everyone—the user, project 
team, contractor, and others involved. Such a failure adversely influences 
all parties by increasing project costs and schedules and adding to 
human suffering. Similarly, everyone is affected when rising costs or 
poor performance force either the system developer or the user to 
withdraw from the project. Then the remaining party is left in the 
predicament of holding an “unfinished project”.

Causes of Failure
Some failures are unavoidable because they are beyond anyone’s ability 
to anticipate, avoid, or influence. Examples are failures caused by 
weather or labor problems, intractable technical difficulties, or other 
forces neither foreseeable nor controllable. But, perhaps surprisingly, 
these are not the causes of a great number of project failures.
Rather, failure usually is caused by “defects” in (1) the project and 
user organizations—attitudes, practices, and structure, or (2) the project 
end-item—hardware, software, and component parts. These defects 
often are interlinked. For example, although hardware failures result 
from defects in components and procedures, these defects can usually 

' be traced to mistakes in the design, which, in turn, can be traced to 
defects in the design and management process that allowed mistakes 
to go uncorrected. That is to say, defects in the system that plans and 
controls the project—the project management system—can allow and 
lead to poor design, poor quality control, inadequate inspection, and, 
ultimately, failure in the end-item itself (“hardware” or “component” 
failures).
A case in point is the tragic loss of the space shuttle Challenger and 
its seven astronauts. Although faulty hardware design directly caused 
the explosion, the root causes were management ineptitude and flaws
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in the project organization,that permitted design errors to go imcorrected. 
The Challenger accident was directly attributed to defective O-rings— 
seals in the booster rocket that allowed hot exhausts to leak out and 
trigger an explosion in the external fuel tank. However, it was known 
and well-documented that the seals would perform poorly under certain 
temperatures and, therefore, constituted a serious risk to flight safety. 
On the day of the tragedy, several engineers warned that the seals might 
fail. Earlier decisions to retain the sub optima seals and the approval 
to go ahead for launch, despite warnings, were management judgments 
that ignored abundant information to the contrary. It can easily be argued 
that the accident was the output of a defective management system. In 
a similar, more general vein, whenever a user fails to accept or utilize 
a project end-item (called “implementation failure”), the reason is typically 
because the enditem did not satisfy the user’s requirements or because 
it was not needed to start with.
This is a common failure in information systems project wherein systems 
are installed, then seldom used thereafter. Sometimes the problem is 
that the true user of the system was misidentified. Regardless, failure to 
meet user needs rests with project management for allowing such a 
state of affairs to develop. • ^
The point is this: The root cause of many project failures is not intractable 
technical problems, nor uncontrollable forces, nor the user, but simply 
bad project management. This kind of failure is the output of a defective 
project management system—organizations, practices, or procedures.

.Project Management

NOTES

4.9 PROJECT MANAGEMENT CAUSES OF 

PROJECT FAILURE
Figure 4.3 shows 14 factors—^inadequacies or defects in project management— 
which are sources of project failure as identified in the survey.4 Although 
having any of these factors in a project does not necessarily mean that 
the project will fail, however, appearance of such is an inauspicious sign 
because any can increase the chances of failure.
The factors are categorized into three levels: the environment or context 
of the project, the project management system, and the project planning 
and control process.

Level I: Failures in the Project Management Context
These are sources of failure traceable to the inappropriate “fit” of the 
project organization to project objectives, project tasks, top management, 
and the larger environment. They include the use of a project management 
approach or model that is incorrect for the project objectives and environmerit, 
and lack of top management support for the project.
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1. Inadequate Project Management Approach. The project does 

not have the right organization structure, project manager, or 
team (in terms of skills, experience, authority, formality, or 
complexity) to “fit” the project. For example:

•. The project organization structure, planning, and controls 
are incongruent or incompatible with the project situation, 
the philosophy of the project manager, or corporate culture 
and objectives.

• More_em:^asis is placed on keeping the team busy than on 

results. Members of the team are assigned to the project 
without regard to appropriate skills and experience.

• Either no one is held accountable for the entire project, or 
the responsibility, expectations, and authority of the project 
manager are unclear or undefined.

• A project team, project manager, or project structure that 
was successful in the past is “plugged” into a new project 
without considering the unique requirements of the project 
or distinguishing characteristics of its environment.

2. Unsupportive Top Management. Top management does not 
give the active and continued support necessary to achieve project 
goals. This is revealed in many ways. For example:

• Top management does not yield adequate responsibility or 
authority to the project manager, or back the project manager’s 
decisions or actions.

• The company does not make policy and procedural changes 
(budgeting, planning, and control systems, reporting and 
authority relationship, etc.) needed to conduct effective project 
management.

• Top management does not participate in reviewing project 
plans and progress.

Level II: Failures in the Project Management System
These are sources of failure traceable to project leadership, philosophy, 
and practice. They include the wrong project manager, neglect of the 
systems approach in the project life cycle, and misuse of project management 
techniques.

3. The Wrong Project Manager. The person in the role of project 
manager does not have the background, skills, experience, or 
personality to lead and manage the project. For example:

• The project manager is unable to confront conflict. She does

NOTES
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Project Management not ask tough, probing questions, and cannot effectively argue 
for the best interests of the project.

• The project manager cannot make the adjustment from a traditional 
work environment to the change and uncertainty of projects. 
She lacks the ability to function effectively under short time 
frames and stressful situations.

• The project manager is not well-rounded in technical and 
managerial skills. Sometimes this arises from a variation of 
the so-called Peter Principle: putting a good technician into a 
managerial role about which she knows nothing. In other cases, 
the project manager has managerial skills, but is so preoccupied 
with administrative details that she ignores critical technical 
matters. She lacks the skills and charisma to command the 
respect of the project team.

4. Ignoring the Systemic Nature of Projects. The project is not 
treated as a system. Elements and processes of the project are 
compartmentalized without regard to their interaction. For example:

• Hardware, software, resources, and facilities are viewed 
independently without regard to their relation to overall project - 
objectives. Emphasis is placed on individual activities rather 
than on project objectives.

• The evolutionary process of systems development is viewed 
piecewise, one step at a time, without regard to subsequent or 
previous stages. This is evident by poor planning for future 
stages and inadequate evaluation of past stages. Problems are 
passed from one phase to the next.

5. Inappropriate or Misuse of Management Techniques. Project 
management techniques are misunderstood or improperly employed. 
The problem lies with the project manager, the project team, or 
the techniques themselves. For example:

• The project manager fails to distinguish nonproject techniques 
of planning, coordinating, and control from those necessary 
for project activities. The project manager or his team do not 
understand the need for tools such as PERT, WBS, performance 
analysis, conflict confrontation, and team building; these techniques 
are used incorrectly or not at all.

• The project manager does not attend to the human/behavioral 
side of projects; he does not build a project team, help team 
members understand the project goal, nor inspire them to work 
together toward the goal.

• The techniques used are too sophisticated or otherwise

NOTES
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inappropriate for the particular project. Schedules and reports 
are too detailed or insufficiently detailed for project decisions. 
Manual techniques that are simpler, more appropriate, and 
better suited for small projects are bypassed in favor of 
sophisticated {but unwieldy or unnecessary) computerized 
reporting systems.

Project Completion 
and Evaluation

NOTES

Level III: Failures in Planning and Control Processes
These sources of failure rest in the project planning and control process. 
As shown in Figure 4.3, some, like poor communication and inadequate 
user participation, can occur anytime in the project and require continuous 
attention. Others, such as inadequate definition, estimation, scheduling, 
or control occur primarily during certain phases of the project.

6. Inadequate Communication in the Project. These are problems 
that stem from lack of information quality, accuracy, or timeliness, 
poor data collection and documentation, or inadequate distribution 
of information to those who need it. For example;

• Early in the project, information about objectives, responsibilities, 
and acceptance criteria is not documented. No attempt is 
made to identify information and sources that will be needed 
during the project. Parties that “need to know” are not identified 
or kept informed.

Level t: Project Management Context

2. Unsupportive top 
managetrient

1. Inappropriate project 
manageinent approach

7\

Level II: Project Managernent Systems

5. Misuse of mahagement 
techniques >

4. Failure to use 
systems approach

3. VWong project 
rrtanager

T 7\

Level III: Planning and Control Process 
Conception--------► Definition ------- > Execution > Operation

6. Inadequate communication
7. Noninvolvement of user

I

8. Inadequate planning
9. Inadequate definition
10. Bad estimating
11. Incorrect scheduling/resources

12. Numerous changes .1

13. Inadequate control

14. Poorly planned termination

Fig. 4.3. Project management causes of project failure.
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Project Management • During the project there is no posting or reporting of information 
about project status or about changes to the plan or end-item.

• Insufficient meetings are convened to collect and disseminate 
information. Reviews do not delve deeply enough nor ask probing 
questions. No project log or audit trail of project development 
is kept.

• The quality and quantity of information gradually lessens as 
the project progresses because “there is not enough time.” 
Communications are not documented so it is difficult to distinguish 
facts from assumptions.

7. Failure to Involve the User. The user or customer does not 
participate in the planning/ definition/design/implementation process, 
and user needs are disregarded. This is one of the most frequently 
mentioned sources of project failure. Failure to involve the user 
early in the project results in lack of agreement about requirements,

- numerous change requests later, and conflict between the user 
and project team during implementation. Even when users do 
participate in defining requirements, without continued involvement 
they cannot visualize the appearance or functioning of the final 
end-item and are dissatisfied when they see the result. Problems 
are aggravated and more difficult to solve when there are multiple 
users. Both the user and project management are to blame:

• The user may feel awkward or uncomfortable and try to minimize 
his involvement. Some users resist participation, even when 
invited.

• The behavior of the project team discourages user involvement. 
Members of the project team may behave arrogantly'and make 
the user feel ignorant or inferior. Such behavior delimits user/ 
project team trust and strains communication.

8. Inadequate Project Planning. Analysis and planning of project 
details is inadequate and sloppy; reports and recommendations 
from previous projects are ignored. Instead of preparing in advance, 
management reacts to things as they occur. Although poor project 
planning by itself is a major reported source of project failure, 
also cited are three particular features of planning—definition, 
estimating, and scheduling.

9. Inadequate Project Definition. Vague, wrong, misleading, or 
absence of project definition is a frequently mentmned cause of 
failure. There is no formal definition of technical requirements, 
tasks, or project scope.'-Definition problems result from:

• Lack of, or a poorly prepared proposal, WBS, responsibility 
matrix, or work role definitions.

NOTES
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• Lack of user involvement in defining project scope, tasks, 
and requirements. The project team never becomes familiar 
with the user’s operation and cannot construct a design that 
relates to user requirements.

10. Bad Estimating of Time and Resources. Estimates of resource 
requirements, activity durations, and completion dates are 
unrealistic. Bad estimating occurs because:

• Standards or files of similar projects'are not used to estimate 
how long the project should take.

• Estimates are made without regard to the experience of the 
workers. It is assumed that all personnel are “experts” and 
that they will perform the work without a hitch.

• Estimates are prepared by people unfamiliar with details 
and problems; those responsible for the work are not involved.

•. Not enough time is allowed for estimating.

• The user exerts pressures to get the project done quickly; 
this results in setting unrealistic deadlines and eliminating 
“unnecessary” tasks such as documentation.

11. Incorrect Scheduling and Handling of Resoxirces. Scheduling 
and allocation of resources are incorrect; assignments are not 
anticipated; resource skills and capabilities are unknown; and 
resources for backup are unavailable. The problem begins during 
planning and continues throughout the project;

• Resource requirements are not anticipated and scheduled, 
and resource issues are addressed only as^they occur. There 
is no skills inventory showing who is available for the project.

• Project personnel are reassigned or turned over without 
readjusting the schedule to allow for lost, time or the learning 
curve.

12. Numerous Changes during the Execution Phase. Changes 
are made to the original requirements without corresponding 
changes to the schedule, budget, or other elements of the plan. 
This oversight leads to inadequate project communication, poor 
project definition, lack of user involvement, and sloppy project 
control.

13. Inadequate Control. Project management does not anticipate 
problems but reacts after they arise; control is focused on daily 
issues without looking ahead to potential problem situations; 
management waits until near the completion,date to see if the 
project is on time. Sources of control problems include:

• '^Definition of work tasks that are too large to be effectively

NOTES
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Project Management controlled, work packages and work groups that are too large 
to be- supervised, and milestones that are too far apart to 
permit stepwise monitoring of the percentage of project completed.

• No adherence to standards or specifications for design, 
documentation, testing, or evaluation. Auditors do not perform 
careful evaluation, and evaluation is not used to determine 
why problems arise.

• No attempt to resolve emerging problems early in the project. 
Instead of being prospective and preventive, the control process 
is retrospective and curative.

• No forecasting or planning of the funds needed to guarantee 
completion of project objectives.

• The management system takes on greater importance than 
the people in the system or the project end-item. This exacerbates 
peoples’ tendency to resist controls and encourages them to 
circumvent or sabotage control procedures.

14. Project Termination is Poorly Planned. It is not known what 
constitutes project completion or the end-item, what the acceptance 
criteria are, or who must sign off the project; there is no formal 
termination procedure addressing objectives, performance, end 
products, and maintenance issues; the impact on users is not predicted; 
personnel are not evaluated for their performance; there is no 
post installation survey addressing system bugs, necessary or already 
made changes, results, or usefulness. This problem is often related 
to poor project definition and lack of user involvement:

• When project termination is not clearly defined, the project is 
allowed to continue even after it has long ceased to make cost- 
effective progress.

• When users are not involved in planning, there is greater chance 
of disagreement over final conditions acceptance. After acceptance, 
problems with the end-item go unidentified or are permitted 
to continue despite user dissatisfaction.

Bad project termination has negative consequences beyond failure of the 
immediate project. When no attempt is made to review project performance, 
it is unlikely that any knowledge can be gained to transfer to other 
projects. Recommended enhancements to the system go undocumented 
and are lost forever. When project personnel are not evaluated at the 
end of the project, their work performance is forgotten and there is no 
accurate basis upon which to make future work assignments.

NOTES
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Figure 4.3 implies that an inadequacy at one level has negative impact 
on the next lower level. For example, selecting an inappropriate project 
management approach (Level I) may cause project systemic features to 
be ignored, the wrong project manager to be chosen, or project management 
techniques to be misused (Level II); in turn, these lead to poor 
communication, inadequate definition and scheduling, and other problems 
in planning and control (Level III).

Figure 4.3 also implies a hierarchy of effects; a problem at higher 
levels (I or II) increases the chance of project failure even when there 
are no inadequacies at Level III. For example, strong user involvement 
or good planning (Level III) alone are probably not enough to prevent 
failure if the project manager is unskilled or a poor leader (Level II). 
Similarly, even an exceptional project manager will have trouble preventing 
failure if top management does not support the project (Level I). 

Thus, there is good reason for strong emphasis on Levels I and II 
because, generally, correct action at these levels helps eliminate or 
mitigate problems at lower levels. For example, using the appropriate 
project management model and having top management support tends 
to encourage (or mitigate the problems of) selecting the right project 
manager, using the structured systems approach, and using the right 
management techniques; these, in turn, tend to mitigate problems and 
reduce sources of failure further down in the planning and control 
process. The caveat is that while eliminating sources of failure at 
higher levels tends to reduce failure at lower levels, the precaution 
does not guarantee success. Given the uncertainty of projects, causes 
for failure can develop at any level at any time. Management must 
continuously monitor and address all failure risks and new problems.

NOTES

Does Eliminating Failure Guarantee Success?
Though the fourteen factors in Figure 4.3 are frequently cited as sources 
of project failure, they are not universal verities. Their validity and 
importance must be weighed and assessed in each project. Because in 
most human endeavors absence of failure does not equate to success, 
mere absence of the previously stated factors, itself, will probably not 
make a project a ‘’success.” Sources of failure are similar to Herzberg’s 
“hygiene” factors: although eliminating the prc^lem factors reduces 
the chances of failure, this alone will not guarantee success. For a 
[project to be successful, other factors (similar to Herzberg’s “motivators”) 
must also be present in the project.
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What Is Project Success?
A project is considered successful when it satisfies project objectives. 
Project objectives, however, commonly involve multiple dimensions or 
criteria {e.g., the time/cost/performance triad often mentioned in this- 
book), and many “average” projects, although not considered failures, do 
not satisfy objectives in all dimensions. Project management usually makes- 
trade-offs, and if the trade-offs are mutually agreed upon by the developer 
and the user, the project might still be successful even when portions of 
the objectives were not met. Many firms measure success by considering 
only, the highest priority criteria and give lesser weight to time and cost 
measures. For example, in aerospace the primary success criteria is- 
engineering performance; at Walt Disney it is safety.
In a study of “successful” projects, Ashley, Lurie, and Jaselskis asked 
eight companies to select successful and average.projects for purposes 
of comparison. Based upon interviews with project personnel, “successful” 
projects were judged to be those doing “better than average” on the 
criteria of cost, schedules, and satisfaction of key project participants 
(client, project manager, project team, and system developer). Their findings 
are consistent with fields such as R&D and information technology, which 
make similar, frequent reference to budgets, schedules, and developer/ 
user satisfaction as criteria of project success. Other frequently mentioned 
success measures include “within original scope or mutually agreed upon 
scope changes,” and “without disturbing the corporate culture of values”. 
Considering only project cost, schedule, and performance specifications 
as measures of unequivocal success may be misleading. The requirements 
for a project might have been met exactly, yet if they were incomplete 
or poorly defined, the result would not have met user needs and the 
project would be judged a failure. Study findings of Shenhar, Levy, and 
Dvir suggest that both the stage of the project and life cycle of the end- 
item must be incorporated into project success criteria.
For example, when the project end-item is a product or operational 
system, the project’s ultimate success rests upon whether the end-item 
fulfilled customer needs. Simply, was the customer satisfied with the 
project end-item? Obviously, the answer cannot be determined until 
some time after the project has been completed. Another measure of 
project success that must be postponed until later, perhaps a year or 
longer after project completion, is assessment of the project’s impact on 
the business or organization. Did the project ultimately improve operations, 
sales, income, or profit margins? These long-term impacts are especially 
relevant for both process reengineering and product-development projects.

NOTES
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In general, the best overall criterion for project success, regardless of 
industry, is the satisfaction of the parties involved. By most accounts, 
if the client, end-user, project manager, and developer all feel that 
their expectations were met or exceeded, the project must be considered 
a success. NOTES

4.11 PROJECT MANAGEMENT CAUSES OF 

PROJECT SUCCESS
The characteristics of project management frequently associated with 
successful projects are shown in Figure 4.4.These characteristics, identified 
from a survey of articles that discuss successful projects, are broadly 
classified into three categories: project participants, communication 
and information sharing and exchange, and the project management/ 
systems development process.

Project Participants
Two ingredients frequently identified as essential for project success 
are the commitment and involvement of key project participants such 
as top management (the developer), the project manager, the project 
team, and the user.
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Fig. 4.4. Project management causes of project success.
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Project Management ■ Earlier it was stated that for a project not to fail, it must have goals that 
are clear and well-defined. However, for a project to be successful, it 
needs more than that: it needs strong commitment from all of the participants 
fulfilling these goals. Everyone must understand and be motivated to 
achieve the goals of the project.

Second, project participants must be committed to the planning and 
control process. They must understand the concept of project management, 
its purpose and goals, and be committed to following steps and procedures 
for carrying it out. Additionally, they must be involved in the project. 
They must be given the opportunity and have the desire to provide 
inputs (e.g., ideas, evaluation, and final approval) at key stages of the 
project life cycle.

The following sections focus on these and other aspects of project participants’ 
roles in successful projects.

Top Management. Top management commitment is essential to project 
success because it influences acceptance or resistance from others on 
the project. Management shows commitment by supporting the project— 
allocating necessary resources, giving the project manager adequate authority 
and influence (e.g., to select subcontractors, approve overtime, select 
team personnel, relax specifications, etc.), and backing the project manager 
in times of crisis. In successful projects, the project manager is confident 
about top management’s support and satisfied with the levels of responsibility 
and authority conferred to him. Often top management shows commitment 
by appointing a project sponsor to champion the project. This person 
interfaces with users, project and functional managers, and top management 
to expedite responses to potential problems. She is involved from the 
early planning stages and ensures that company and project management 
values are incorporated into project plans.

Project Manager. Project managers of successful projects are committed 
to meeting time, cost, safety, and quality goals. They are deeply involved 
in the project from beginning to end. They have sufficient authority to 
oversee development of plans and schedules, make additions or changes, 
and carry them out. In successful projects, project managers are experienced 
and capable in administration, technology, communication, and human 
relations. Usually it is more important that they have a basic understanding 
of the technology rather than a command of it. However, in some high- 
tech projects they may need expertise in the technology. In either case, 
they must be both people-oriented and results-oriented, diplomatic and 
hard driving. Good project managers have leadership styles that allow 
them to compensate for any “gap” between their authority and responsibility. 
They are able to utilize styles of leadership appropriate for their workers, 
even though they may only have a short time to get familiar with workers.The 
best project managers get more done by being both efficient and effective.

NOTES
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They set up the system of roles, responsibilities, and communication 
patterns, and then manage it. They trust the skills of their team members 
and delegate work to them. They also make vigorous use of management 
by walking around (MBWA). They are accessible, familiar, and on a 
friendly basis with people in the project. They keep people talking to 
each other because they know that “it is usually less necessary to get 
people to work hard than to get them to work together.” The best 
project managers are intimately familiar with all aspects of the project. 
They know not only what is going on in the laboratory or shop, but in 
marketing and manufacturing, also.
Project Team. In successful projects, the project team is committed
both to the goals of the project and to the project management process.
The whole team is involved in estimating, setting schedules and budgets,
helping solve problems, and making decisions—a process that helps
develop positive attitudes about the project, build commitment to project
goals, and motivate the team. Commitment to project management is
enhanced by a corporate culture that understands and supports project
management. Kerzner reports that in companies with a “culture of
project management,” workers are trained to report to multiple bosses;
functional managers and project managers maintain a balance of power;
both project and functional managers are committed to the job; top
managers understand their interface role with project managers; and%
functional managers are trusted by project managers to get the work 
done. In successful projects, the project team is staffed with the necessary 
expertise and experience. The team has the requisite skills and knowledge, 
and is provided adequate resources and technology to perform its fimctions. 
In successful projects, there is close teamwork, confidence, trust, and 
understanding of everyones’ roles. Team building is employed to define 
roles and delegate authority and responsibility. To foster good relations 
that carry through to the workplace, team members are encouraged to 
mix socially.
Customer-User. In successful projects, there is no question about 
who the customer and end-user are. The customer pays for the project, 
and the user is the ultimate recipient or operator of the end-item. 
Sometimes they are the same, sometimes not. We refer to both as the 
client. The project team identifies these parties before the project 
begins and understands what they want. In successful projects, the 
client is strongly committecl^ to project goals and is involved in the 
project management process. The customer has the authority and influence 
to share in making decisions, authorizing changes, and helping select 
subcontractors. Through client involvement in planning and design 
the project team can better determine what the client wants and can 
set specific goals and criteria. The customer-user is involved in the

NOTES
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Project Management implementation process and gives final approval for the installed end- 
item.

4.12 A MODEL AND PROCEDURE FOR
ANALYZING PROJECT PERFORMANCE

NOTES

The following sections discuss an approach for using the factors described 
previously, to improve project performance.

Project Force Field Analysis
Many years ago, social scientist Kurt Lewin proposed a method for analyzing 
problem situations and determining alternative courses of action. The 
method organizes information pertaining to organizational improvement 
into two categories: those .“forces” at work that restrain improvement, 
and those that facilitate it. In theory, the state of affairs of any situation 
is allowed to persist because the restraining and facilitating forces are 
in equilibrium (Figure 4.5). If the restraining forces should increase, the 
state of affairs will worsen. Conversely, if the facilitating forces are 
strengthened the state of affairs will improve.
This dichotomy of forces is utilized in a so-called “force field analysis” 
to determine the best way to improve a situation. Force field analysis 
begins by identifying all of the restraining and facilitating forces in a 
situation and the relative strength of each. This makes it possible to 
then determine which restraining forces must be weakened or which 
facilitating forces must be strengthened to move the situation toward 
the ideal state. Although the technique was originally iproposed as a 
means for overcoming resistance to change, it can be used by managers 
in other applications. In project management, the technique can be used 
to investigate forces acting on a current project or that might influence 
an upcoming project, and to determine where emphasis is needed to 
increase the project’s likelihood for success. The factors discussed earlier 
about project failure and success are the “forces” that influence a project 
and are somewhat controllable. A general force field analysis of project 
management using these factors is shown in Figure 4.6.
Some important features should be noted about the forces in Figure 4.6. 
First, notice that many of the forces affecting project performance are 
potentially either facilitating or restraining. This means that, for example, 
“top management commitment” is a restraining force when it is lacking 
but a facilitating force When it is present. It does not mean, however, 
that the forces are “binary”. When there is weak or no management 
commitment, project performance is restrainedi. However, when-commitment 
is present, its facilitating influence depends on its strength and visibility.
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authority on the project manager, and appoints a sponsor to the project, 
it provides a stronger facilitating force than if it did only one of these.

Second, not all forces are equal; some are of generally greater importance 
' and influence than othqrs. For example, the commitment and support 

of top management, thd' project manager, or the user are potentially 
greater forces than all others combined. Without commitment, involvement, 
and support, increasing other facilitsating forces will offer little help. 
Finally, the forces are not independent. Referring back to our discussion 
of Figure 4.3, some of the forces—such as having top management 
support or the right project manager—tend to impact other forces. 
Improving or strengthening these facilitating forces has a ripple effect 
on other facilitating forces.

NOTES

Implementing the Analysis
A force field analysis can be used in particular cases for determining 
which forces might hinder a new project, or for analyzing the forces 
acting on a current project. The value of the technique, even if not 
strictly followed, is that it systematizes thinking and organizes information 
about project problems and causes.

The analysis begins by gathering information through questionnaires 
or interviews about the forces facilitatii^ and hindering project performance. 
The forces shown in Figure 4.6 represent general categories of forces; 
for individual projects it is necessary to identify specific forces—^procedures, 
systems, or behavior and attitudes .of individuals and groups that help 
or hinder the project. The survey should include all parties involved 
in the project or affected by project problems—management, the project 
team, and users. The results of the survey are discussed at a meeting 
where members examine, clarify, and reach agreement about them. 
Forces that seem to involve multiple issues are broken down and listed 
as separate forces. The list of forces is posted and arrows are drawn 
from each force, similar to Figure 4.6. Members are asked to judge the 
strength of the forces, and the length of each arrow is drawn to reflect 
the consensus. The forces then are ranked so that the strongest are 
given highest priority. They also are rated for solvability. Those rated 
“unsolvable” (such as imposed by the environment) are noted in order 
to avoid argument over unsolvable problems. The final step is to generate 
actions for reducing the “solvable” restraining forces with the highest 
priority, and for increasing the facilitating forces. Plans are prepared 
showing objectives, actions, target dates, and people responsible for 
each. This last step recognizes that actions are tentative and that 
problem solving is part ,of the project control process, and, therefore.
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Fig, 4.5. Force field analysis.
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Fig. 4.6. General force field analysis of project performance.
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ongoing. Periodic follow-up meetings are convened to evaluate the 
status of the forces and to modify actions. The utility of the force field 
analysis process is the systematic framework it provides for viewing 
problems and identifying solutions with the highest likelihood of success. 
Some people might resist this procedure as irrelevant or silly, so it is 
most important not to simply list forces and draw arrows, but to move 
toward identif3ring key stumbling blocks, prioritizing them, taking action, 
and evaluating results. Force field analysis is just a convenient way to 
get the process started.

NOTES

SUMMARY

The primary purpose of evaluation in project management is to 
assess performance, reveal areas where the project deviates from 
goals, and uncover extent or potential problems so they can be 
corrected.

Project extensions arise from the need or desire to enhance the 
originally funded system. There are two kinds of extensions:

It is not the intent of this chapter to finish the book on a sour 
note; rather, we look at failure for one reason: to learn from 
past mistakes. Some philosophers (notably Karl Popper) say that 
knowledge advances not through success, but through failure.

A project is considered successful when it satisfies project objectives. 
Project objectives, however, commonly involve multiple dimensions 
or criteria

REVIEW QUESTIONS

What do you understand by project evaluation?

What is the Purpose of Review Meetings? What kinds of the 
reviews can be there?

1.

2.

3. What do you understand by reporting?

What is the last step of a project and how is it performed? 

Define project failure. What are different causes to fail a project? 

What are different causes of project success?

What are different parameters to analysis a project?

4.

5.

6.

7.
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