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EDITORIAL

Shift from Project
Management to the

Management of Strategic

Context in Production

rojects are to an increasing extent

considered as vehicles that con

tribute to the strategic context of
management of a company. Many com-
panies have adopted project oriented
work methods in their businesses. Fur-
ther, there is an incresing number of
companies that deliver unique products
to their customers and have organised
their deliveries in project form. One
major new challenge in future research
and development will be to investigate
how to organise project companies and
what the successful management prin-
ciples of a project company will be. The
project company perspective includes
aspects of e.g. project sales and market-
ing, project finance, and post-project
customer processes that typically are
more related to the management of a
company rather than the management

1)

Marketing

Production

of a single project. Challences related
to this field are reflected in the follow-
ing by introducing aspects from the
newly published study that provides de-
velopment directions to project com-
panies (Artto et. al. 1998).

Management of Uniqueness in
Products by Project Networks

In the project business the order books
vary along with the order books of cus-
tomers and the general business out-
look. Project companies have increas-
ingly been forced to expand their cus-
tomer base. As the number of custom-
ers grows the volume of business in-
creases, but simultaneously the diversi-
ty and uniqueness of project products
increases. As the uniqueness and vari-
ety of products increase, the number of
fields of know-how that must be mas-

2)

Administration

KARLOS A. ARTTO

tered has climbed. In order to smoothen
fluctuations, companies have stream-
lined their own manufacturing activi-
ties, prompting an increase in the sig-
nificance of subcontracting. Project
companies increasingly operate in net-
works. Traditional networking and de-
velopment of networking are fostered
by advanced supplier-subcontractor
networks. In project business, compa-
nies have consciously decided to band
together and develop the activities of
the overall subcontracting network pro-
ducing a final product. Many modern
and successful companies base their
activities precisely on this mode of op-
eration. Companies gear their activities
toward functioning as a part of the net-
work and may participate in several
networks.

Functional Structure Collaboration Structure Network Structure

(Virtual Compary)

Figure 1. Shift of Company Structures and Respective Operative Logic toward the Network Structure

Page 4



Evolution of Production
Paradigm toward Network
Structure

The networking approach is essential
for project companies that produce and
supply complex and unique products.
The following discussion of evolution
of production paradigm emphasizes the
increasing strategic context of projects
in production and in management of
companies. The following discussion
and figures are derived from Artto et.
al. (1998); However, the discussion is
largely based on the original work of
Ranta (1993, 1997). Figure 1 presents
the evolution of the company's organi-
zation structure and business approach
with respect to networking company
activities. The network structure can be
compared to the concept of a virtual
company. Projects are typically such vir-
tual companies. In the virtual compa-
ny different parties are grouped into an
independent consortium functioning as
a team, whereby production and sup-
ply can be carried out in the most effi-
cient manner. The network structure is
flexible. The structure can consist of
companies best suited for the task at
hand. The application of the network
structure spurs structural changes in
production activities. Ranta emphasiz-
es that the networking structure facili-
tates local manufacturing during the
transition to global manufacturing and
that it enhances production flexibility.
Flexibility can be augmented by, for ex-
ample, application of mass customiza-
tion in production. Especially important
from the standpoint of the project busi-
ness is to assess the impact of the net-
work structure in manufacturing and
the supply of individual unique prod-
ucts.

Figure 2 depicts the evolution of
the production paradigm. The struc-
tures presented in the figure and their
numbering correspond to those in Fig-
ure 1. The functional structure is indic-
ative of a typical line organization-based
business. The classical production line
structure was the prevailing view in the
beginning of this century when prod-
ucts were individual products (single
product production in the horizontal
axis of Figure 2). At that time produc-
tion volumes were low (vertical axis of
Figure 2). Ford's application of serial
production in the automobile industry
can be regarded as a shift from the func-
tional structure (1) at the beginning of
this century to the collaboration struc-
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Efficiency,
Productivity
3)
ngh Network
Volume Sructure \ 2b)
Collaboration
Sructure
23)
Low Functional /
Volume Structure
Size of
Single Mass Series
Product Production
Production

Figure 2. Evolution of Production Paradigm

ture (2a) of the 1930s, where produc-
tion began to use subcontracting organ-
izations efficiently. There was simulta-
neously a considerable jump in the size
of series and in the efficiency and vol-
ume of production. At first production
using the collaboration structure was
typically based on the American Tay-
loristic approach to production. Later
the application of the Japanese produc-
tion philosophy and lean production
approach brought small improvements
in production efficiency (from 2a to 2b,
shift along vertical axis) and increased
prevalence of more customized custom-
er-specific products (from 2a to 2b, shift
along horizontal axis) in production.
The network structure and the
related business logic can be seen as fa-
cilitating a rise in efficiency and in-
crease in volume (from 2b to 3, shift
along vertical axis), but it also fosters a
shift toward more flexible production
and supply of unique products in project
form (from 2b to 3, shift along horizon-
tal axis). For the time being the speed
of production and flexibility aspects are
of key importance. Many project com-
panies are currently using network
structures to upgrade their unique
project products and develop their pro-
duction and business approach.

Future Business Environment

As the markets and customers grow, the
products and especially its coverage and
scope are under strong pressures to
change. From the standpoint of project
companies, reacting to changes in the
business environment occurs via spe-

cialization, differentiation and offering
a full range of services to customers.
Current trends in project companies
and their customers include the follow-
ing:
the spectrum of required fields
of knowledge will increase

clients will grow and merge

project companies will grow and
merge

the subcontracting by project
companies will increase

In addition to the profound de-
velopment and globalization of the busi-
ness environment, the tools of interna-
tional project business (information sys-
tems, telecommunication facilities)
have changed, thereby facilitating new
modes of activities.
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B CATEGORY: RESEARCH & INDUSTRY CASE

Customer-Based Project Success:
Exploring A Key To Gaining
Competitive Advantage In Project
Organizations

Jeffrey K. Pinto, School of Business Penn State -Erie, USA
Pekka Rouhiainen, Aker Rauma Offshore Oy, Houston, USA
Jeffrey W. Trailer, School of Business Penn State - Erie, USA

Keywords: Project Success, Stakeholder Management, Competitive Advantage

The successful strategic management of projects is based on an organization's understanding that an effective
project is only as good as its capacity to satisfy customer requirements. In an increasingly competitive interna-
tional marketplace, successful firms are typically those that have worked to establish a cooperative relationship
with their clients, based on their desire to provide better service. This sense of better service typically refers to
the willingness of these companies to evaluate their project management practices in terms of external, client
demands along with the more traditional and internally-focused efficiency measures such as schedule and
budget adherence. This paper reports on the results of a series of efforts by Aker Rauma Offshore Oy to
develop a customer-based project success measure to ensure positive long-term relationships with customers.

Introduction

The pursuit of project excellence fol-
lows a path with no existing endpoint
in sight. Project organizations routine-
ly face almost insurmountable obstacles
in attempting to develop and operate
their projects, through working to sat-
isfy large numbers of stakeholders, ad-
here to strict profit guidelines, maintain
difficult schedules while conquering a
series of technical challenges. Howev-
er, when these firms critically examine
their operations, they often founder on
efforts to develop accurate measures of
project success. Traditional views of suc-
cess no longer necessarily capture the
demands and constraints placed on
firms operating in stiff, global competi-
tion. Put more simply, it is ironic that
many project-based firms continue to
view "success" through flawed parame-
ters.

This paper examines the ap-
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proach currently being taken by a Finn-
ish firm with a clearer understanding of
what successful project management
means. In redefining concepts of project
"success," this organization has chosen
to go back to basics, believing that true
success can only be understood when
looked at through the eyes of the cus-
tomer. In formulating this seemingly
simple, but ultimately radical shift in
operating philosophy, they offer a
unique model that will likely become a
bellweather for other project-based
firms, abandoning out-dated views of
project success in favor of a more clear-
eyed vision (Pinto and Rouhiainen,
1998).

The Company

Aker Rauma Offshore Oy (ARO), a
wholly-owned subsidiary of Aker Mari-
time, is headquartered in Pori, Finland.
One of the company's key products is

the Spar Hull and Mooring System.
Spar is one of today's most promising
deep-water offshore oil and gas devel-
opment concepts. Currently, the larg-
est market for Spar is the Gulf of Mexi-
co. The four main components of the
facility are: 1) the cylindrical hull that
gives bouyancy to the facility, 2) the
mooring system to keep the facility in
the desired location, 3) topsides that
contain the processing and drilling op-
erations, and 4) riser systems that are
used to transfer the hydrocarbons from
the ocean floor well heads to the sur-
face facility and back from the facility
to the sea floor pipeline. In typical Spar
projects ARO is responsible for deliv-
ering to the oil company customer the
hull and mooring system, including
project management, engineering, pro-
curement, and fabrication.

The projects themselves are tech-
nically challenging and expensive: the



spar hull can contain over 30,000 tons
of steel framing and plating, the hulls
are budgeted to take upwards of 18
months to design and fabricate and can
cost over $100 million USD. In sheer
dimensions, these spar hulls can be in-
timidating. The most recently complet-
ed hull measured over 200 meters in
length and was almost 40 meters in di-
ameter. Before lifting the Topsides fa-
cilities on the top of the hull at the fi-
nal site at the Gulf of Mexico, the spar
hull is fabricated in Finland in two piec-
es, transported across the Atlantic with
a heavy transportation vessel, joined
into one piece at the Gulf of Mexico
yard, towed to the final site, upended
and moored. By the time the total Spar
project is completed, including drilling
the wells, installing the pipelines for
hydrocarbon transfer from the wells to
the Spar facility and to shore, the total
project can cost upwards of $1 billion
USD. As these facilities are ordered by
and for the use of major oil companies,
ARO's role consists as that of a subcon-
tractor to the overall construction ef-
fort.

ARO has been growing at a 40%
compounded rate for the past six years,
primarily since it embarked on a radi-
cal refocusing of project management
operations to become more customer-
driven in its strategic project manage-
ment. At the same time, the organiza-
tion has worked to develop a custom-
er-based project success measurement
device in order to better understand: 1)
the specific needs of each customer, 2)
how well those needs have been ad-
dressed, and 3) how the organization
can improve the project management
contracting process in order to main-
tain positive relationships aimed at fu-
ture partnerships. This process has con-
firmed for ARO the importance of in-
troducing, in addition to the tradition-
al determinants of project success
(Time, budget, and performance), a
Client-driven model in which a com-
mittment to quality and customer sat-
isfaction drives all strategic project de-
cisions. This report will demonstrate
that when such an external focus is en-
couraged, it will create an internal cor-
porate culture conducive to competing
successfully in the global marketplace.

Traditional Project Success
Measurement

ARO, along with many similar compa-
nies, had traditionally bounded its
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project success measurement along the
more well-known project metrics of
time (adherence to schedule), money
(adherence to budget), and perform-
ance to specification. While well un-
derstand and relatively easy to measure,
these traditional measures also present
some important difficulties, including
(Pinto & Slevin, 1988; Wateridge,
1998; Shenhar, Levy, & Dvir, 1997):
1) the tendency to sacrifice
external concerns for internal
performance. In other words,
when a company measures their
performance in terms of their
performance, the natural by-
product is to discount or
minimize legitimate customer
concerns. For example, if a
project manager gains maxi-
mum corporate credit for simply
bringing in projects under
budget, it generates a tempta-
tion to continually cut corners
or make decisions leading to a
poorer project in order to
improve margins. The irony is
that when using this model, it is
possible to create a "successful"
project that does not attempt to
directly satisfy the customer.
While the company will be
pleased with the result, the
customer could end up with a
project that is sub-standard.

the potential to develop

adversarial relationships with
contractors. A common prob-

lem that underlies the "contrac-
tor-subcontractor” relationship
is the desire of the various
"subs" to squeeze every last drop
of profit out of the contracted
relationship. The irony is that
this difficulty chiefly arises from
prejudicial attitudes by both the
contractor and the subs. When
the up front assumption from
the project contractor is that all
subs are out to gain as great an
advantage as possible, at the
expense of the contractor, it
causes contractors to go into a
project relationship with a firm
degree of distrust. From this
point, any disagreements with
subcontractors merely solidifies,
in their minds, this precon-
ceived attitude.

2

~—~

(S8
—~

the habit of treating all project

relationships as "short term",
rather than focusing on long-

term partnership building. A
common result from the
traditional success approach is
to treat each project as a
discreet operation. To a degree,
there is nothing wrong with this
mentality - certainly projects
are one-shot activities. Howev-
er, the more important long-
term relationships between
customers and contractors are
then often ignored. Once a
subcontractor has completed
their phase of the project,
communication breaks down
and both parties go their own
ways.

As aresult of the drawbacks with
traditional project success assessment,
ARO has shifted its focus to including
customer satisfaction as a fourth success
constraint. The inclusion of customer
satisfaction acknowledges a fundamen-
tal truth in project-based firms: "suc-
cessful projects" are only truly success-
ful if they are seen that way through the
eyes of the customer. The obvious ben-
efit from this thinking is that it natu-
rally moves ARO toward a externally-
focused mindset, rather than reinforc-
ing excessive concern for internal con-
trol processes based on simply adhering
to the triple constraint.

ARO's Goals

ARO's interest in developing their cus-
tomer-based project success evaluation
system is derived from three important
issues:

1) There is a perception within the
organization that ARO does not
possess enough real information
on customer satisfaction.
Generally, this information is
informal or anecdotal, often
going through several levels
before reaching the manage-
ment team at ARO. They need
to get better, more timely,
comprehensive, and objective
data on satisfaction.

2) ARO wants to better under-
stand customer needs. Through
a more complete understanding
of customer-based project
evaluation, they can get a clear
sense of the core dimensions
that customers hold dear (as
discussed with Value Chain
Analysis).

3) Developing a well-performing
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evaluation process will also
have beneficial effects through
establishing ARO more favora-
bly in the minds of their cus-
tomer base. In effect, this
process will give ARO signifi-
cantly more favorable "brand
image" with clients.

The above points are based on
ARO's perception that in a highly com-
petitive industry, superior products go
hand-in-hand with superior service.
Their goal is long-term viability: some-
thing that can only be achieved through
working to maintain positive relation-
ships with present and past customers
in order to develop future business op-
portunities. It was with this philosophy
firmly in mind that ARO has set out on
a unique approach to better under-
standing how project success and their
success are inextricably linked to cus-
tomer satisfaction.

Value Chain Analysis

In exploring ARO's motivations for es-
tablishing customer-based project suc-
cess metrics, it is useful to refer to
Michael Porter's (1985) Value Chain
Model. Value Chain Analysis suggests
that companies can compete most ef-
fectively if they clearly understand how
they help create value to their custom-
er's business activity cycle. To be suc-
cessful, value chain analysis requires an
organization to not only understand its
own strengths and weaknesses, but
those of potential customers. In this
manner, they are better able to address
and appeal to the most critical aspect
in the customer's business operations.
For example, ARO routinely engages in
value chain analysis in order to tailor
their project bidding to areas in which
they can significantly enhance their cli-
ents' operations, through developing
the delivery process of the spar hull and
mooring system in a manner and for a
price that gives the oil company an ad-
vantage over using alternative methods
or competing contractor firms.

There are four distinct steps in
performing a value chain analysis:

Step 1) Construct the value chain of
the client

It is imperative that the subcontractor
organization clearly understand their
role in the customer's value chain. Each
firm is composed of a sequence, or chain
of activities, beginning with inputs
bought from suppliers and ending with
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delivery to the customer, and after-sales
support (See Figure One). Activities
define the process by which a firm cre-
ates value through transforming raw
materials into finished goods or servic-
es. [t is important to note that it is pos-
sible to attain competitive advantage in
any activity in the chain; it is not nec-
essary that all activities be superior to
the competition. Figure One shows a
simplified value chain for an oil com-
pany customer of ARO. Note that
ARO's contribution to this company's
value chain lies primarily within its op-
erations activities - ARO provides su-
perior quality and lower total costs and
risk by effectively managing the engi-
neering, design and fabrication of the
spar hull and mooring system used in
offshore oil exploration and extraction.

Step 2) Identify activities and linkages
that are superior compared to the
competition

Activities in which the client has
a cost advantage over the competition
and activities that allow the client to
produce a unique product or service are
drivers of competitive advantage. It is
important to discover whether the cus-
tomer firm is driven primarily by low
cost or product or service differentia-
tion advantage. Understanding the cus-
tomer's focus will enable the project
organization to appreciate the project's
impact and help guide choices which
best fit the client's strategy. At the same
time, project sub-contractors (e.g.,
ARO) need to engage in a straightfor-
ward assessment of their own strengths
and weeknesses to ensure a close fit
between what they do well and what
the customer seeks. ARO has been
highly successful in working with its
customers to ensure that the operations
and outbound logistics of oil field de-
velopment are cost effective while
maintaining a strong emphasis on qual-
ity.

Step 3) Identify activities and linkages
that are inferior compared to the
competition

These activities are a drag on the per-
formance of the firm. For each inferior
activity, a superior activity is necessary
to offset the effect. Overall performance
is enhanced when these activities are
improved to, at the very least, meet the
capability of the competition. Finally,
it is important to note that a successful
project need not create a competitive
advantage. It can be equally effective

through eliminating a disadvantage. As
long as the client has a source of ad-
vantage in other activities, they will
reap superior returns when the compar-
ative disadvantage is corrected.

Step 4) Target activities and linkages
with high potential for impact
Communicate to the client project op-
tions and alternatives, in order to "fit"
the project to:
- improve activities to create a
new competitive advantage (s)

- enhance existing competitive
advantage s)

- improve activities to eliminate
competitive disadvantage (s)

Step 4 becomes the key starting
point to developing a protocol for part-
nering with clients in order to enhance
their business operations. The better
able the project organization is at help-
ing customers increase competitive ad-
vantage, the greater their own strate-
gic position becomes vis 4 vis their com-
petitors. In effect, ARO seeks to give
other oil companies a compelling rea-
son to select them as a sub-contractor.

One important key to ARO's suc-
cess lies in their ability to offer the cli-
ent organization competitive advantage
through its own committment to
project excellence. This is accom-
plished in two ways: first, by viewing
project success through the clients' eyes,
rather than based simply on historical
parameters of time, budget, and speci-
fication. Secondly, ARO actively seeks
to redefine itself as a partner, rather than
simple subcontractor. This partner re-
lationship is reinforced by the attention
they pay to the overall project, rather
than simply their contracted subcom-
ponent. For example, in developing de-
sign and engineering aspects of the spar
hull, ARO also looks to improve the
overall project through close collabo-
ration with other subcontractors (those
developing riser systems, topside works,
etc.) to give the customer enhanced
value. This relentless pursuit of project
excellence is based on a corporate phi-
losophy which suggests that where the
technology is to a great extent undif-
ferentiated, what characterizes compet-
itive advantage is often superior serv-
ice through project development in ac-
tive partnership with client firms.

The Customers and Their Needs

From ARO's point of view, the "Cus-
tomer" is seen as a set of stakeholders



consisting of multiple levels. The lev-
els nearest to ARO are the site team
and the project team. Above these are
the project management and upper
management levels. Behind these direct
interfaces there is the end user who
eventually will make use of the project.
Typically ARO is communicating dur-
ing the project with the site team,
project team, project management
group, and to some extent, with mem-
bers of upper management. After the
project has been delivered the contacts
to the customer are limited to discus-
sions concerning possible new con-
tracts.

In discussing customer satisfac-
tion, we will divide the project life cy-
cle into three phases: 1) sales, 2) exe-
cution, and 3) operation. The project's
life cycle will typically last from 3 to 4
years. The complete life of the product
(drilling and production platform) is
approximately 20 - 30 years. During the
sales phase, ARO is normally compet-
ing with other firms in bidding the
project. During this time customer ex-
pectations are built based on both the
end product and the project execution
process itself. Experience has shown
that to win an order, in addition to hav-
ing a competitive price, it is also impor-
tant to reduce the customer's risk con-
tingency by demonstrating the sophis-
ticated project execution procedures
employed. By the end of the sales phase,
both these customer expectations have
been built up to the point the contract
is signed. During this phase there is an
important step in the customer relations
process: distinguishing between gener-
ating expectations and meeting expec-
tations. One could reasonably argue
that the goal of contract development
is to create a set of positive expectations
in the mind of customers - what the
project can and cannot do, how we will
do it, what performance criteria you can
expect from us, and so forth.

There is a natural phenomenon
present when establishing a project de-
velopment relationship with a contrac-
tor. The phenomenon refers to the na-
ture of customer expectations and atti-
tudes across the project life cycle. Early
in most projects, there is typically a pos-
itive relationship between all parties.
The contract has been negotiated and
signed and both the contractor and sub-
contractors settle in to develop the
product. During this execution phase,
disagreements often begin to surface.
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Confusion over the initial contract
terms come out, goals start to conflict,
and members of both the contractor and
sub-contractors start to maneuver for
maximum advantage vis 4 vis the other
project partners. As a result, initial ex-
pectations, set so high, begin to crum-
ble. Bickering and arguing set in and the
project's atmosphere become more ad-
versarial. While some readers would
argue that this is a natural side-effect
of contractor - sub-contractor relation-
ships, ARO believes that there is a bet-
ter way: working to maintain positive
relations throughout the development
process through strong communications
and a commitment to customer satis-
faction.

Customer satisfaction in the con-
tract stage hinges on ARO's ability to
create positive and reasonable expec-
tations in the minds of customers. Dur-
ing the balance of contract performance
(execution and delivery), the compa-
ny's primary goal naturally shifts to
meeting these expectations. Conse-
quently, a key to good customer rela-
tions is to create a clear set of delivera-
bles during the contracting stage that
can be met during the project's subse-
quent life cycle. While this point may
seem obvious on the surface, it is im-
portant to note that within many or-
ganizations, particularly when internal
communications between marketing
and engineering are poor, it is common
to inflate initial expectations too high
based on questionable promises. The
project team then is doomed to spend
the balance of the project fending off
requests and complaints from an in-
creasingly disillusioned customer who
correctly perceives that they were sold
a lie during the contracting phase.

Research Protocol

Creating a customer-based project suc-

cess metric has involved several steps.

ARO company members have been ac-

tively pursuing an agenda based on the

following discrete phases:

1) Getting a list of key informants
from the major customers. The list
of key informants consists of those
individuals knowledgeable enough
and qualified to comment on the
various activities of ARO and give
their opinions as to the effective-
ness of these activities. Some of
these individuals may be high
ranking members of the customer
organizations and others are key

project management personnel.

Asking these key informants about
their decision process and criteria.
ARO eschews simply holding post-
project "lessons learned" feedback
sessions in favor of a series of
regular meetings with customers.
While feedback conferences may
yield good information for better
project management in the future,
their biggest flaw is that they allow
no opportunities for process
improvement to an ongoing
project. ARO's preference for
concurrent project control allows
them to get answers to some
fundamental questions, including:
What are their key values and
success criteria? What are their
key concerns? How can ARO
continue to satisfy their needs?
What is ARO doing today that
could be done better tomorrow?
How does ARO operate to put
itself at a strategic advantage with
other competitors? These ques-
tions and their answers are key to
understanding what specific
decision criteria ARO's customers
employ. Note that the intent of
the questions asked at these
meetings is not to simply adjudi-
cate disagreements and "fire fight"
current problems. Problem solving
is important but the company also
strongly feels that the best method
for fixing problems is addressing
and clearly understanding custom-
er goals before misinterpretations
lead to downstream problems.

Developing and refining the list of
key issues. These issues are the key
to ARO's continuing strategic
advantage. They identify the areas
that are important to customers,
and ones they feel ARO performs
either; a) well or, b) poorly relative
to their competition. This list
becomes the key starting point to
developing an in-house Quality
Assessment device that allows
ARO to continually track future
projects to ensure that they are
being developed in accordance
with customer needs and expecta-
tions.

Deciding on measurement param-
eters. Once the list of key issues
(critical success factors) has been
developed, the next step is to
determine the various parameters
of actual data measurement. The
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key parameters revolve around the
effective administration of the
customer satisfaction measure-
ment instrument. There are
essentially three issues that
required immediate attention:

a) Method - how should the data

be measured? Should ARO
employ a qualitative device
based simply on interviews with
customers? Should they use
some "gap" measurement device
to judge the difference between
expected and actual results? It
was subsequently determined
that a combination of the two
approaches was ideal.

ARO is currently collecting
data from customers that will
allow a comprehensive ques-
tionnaire to be constructed for
in-house quality control.

b) Timing - when should this

Page 10

information be collected?
Clearly, it is necessary to do it at
different points during the
development process. There is
little immediate benefit from
getting the information about a
finished project if it allows no
opportunity for correction. On
the other hand, it is also
important to reflect on the
appropriate points in the
current project when this
information is most useful.
ARO's QA department can be
most effective with this data if it
is timely and "actionable" -
meaning that the findings can
lead to immediate corrective
action.

Part of the answer to the timing
question lies in the length of the
project undertaken. If, for
example, a spar hull takes 12
months to design and fabricate,
ARO will work with customers
initially to address their chief
concerns. Then, at various
stages of project completion
(e.g., engineering and design,
procurement, fabrication), the
organization assesses their own
performance to date based on
the identified key success
factors. Likewise, these event
points also allow the company
to update customer expecta-
tions, answer questions, and
strengthen communication

links.

c) Feedback - how should the
results be fed back to key
personnel? As with the issue of
timing mentioned above, it is
vital that the data collected be
done in a short period of time,
that it be done concerning
issues that are immediately
relevant, and that it should be
reported back in a timeframe
that allows ARO to take

corrective action, if necessary.

At present, the success measure-
ment process is in operation. We are
currently conducting the key interviews
and assembling the important data that
will be used to develop internal QA as-
sessment protocols. The current time-
frame calls for full development of the
measure within the next six months and
standardization of the protocol
throughout the organization by the end
of the year.

Discussion

Customer-based project success oper-
ates under a radically different philoso-
phy from the traditional "triple con-
straint" approach to success assessment.
While we have only been able to ana-
lyze preliminary findings based on in-
terviews with one client firm, we have
found some recurring themes. There are
three important components of this
philosophy:

1) The project organization must shift
from a sub-contractor mentality to a
partner mentality

This shift will be difficult for both par-
ties. It will require the main contractor
to look upon these contracted firms as
full partners in the project, having a
vested interest in working with the lead
firm in a collaborative effort to make the
project succeed. Too often in the past,
"sub-contractor”" mentalities translated
into sub-contractor attitudes, leading
many firms to cut corners, withhold
important information, resist full disclo-
sure, and save costs in order to get the
maximum advantage out of the con-
tractor - sub-contractor relationship.
Inevitably, this leads to an adversarial
relationship rather than a partnering
one. The lead contractor cannot fully
trust the subs to operate for the good of
the project rather than their own good.
The subs automatically assume that
they are not trusted, resent excessive
oversight from the lead organization

and the result is endless bickering, ne-
gotiating, and mistrust. Once the job is
completed, the atmosphere may have
become so fouled that neither party
wants to work with the other again.

Creating a collaborative partner-
ship redefines the nature of the relation-
ship. Now, the former sub-contractors
are treated as equal partners in the
project's implementation. The goal for
both sides is maintaining the basis for
long-term relationships. When relation-
ships are the goal, the mentality of both
partners becomes helping rather than
advantage seeking.

2) When customer satisfaction drives
the process, everything else falls into
place

One of the biggest mistakes we contin-
ually make is to assume that schedule,
cost, and performance will automatical-
ly create customer satisfaction. Our
whole model is predicated on the idea
that it is customer satisfaction that
drives project development. Consider
Figure Two. The traditional model,
which we have argued against, suggests
that the better organizations manage
the project internally, the greater the
likelihood that it will be viewed posi-
tively by the customer. While this state-
ment is highly arguable, an alternative
model suggests that if our underlying
goal is "external effectiveness;" that is,
working to satisfy the customer, the oth-
er internal metrics will fall into place.
Put another way, if our main driver is
to satisfy the customer, we will do eve-
rything possible to adhere to mutually
agreeable schedules and budgets, work-
ing to ensure that both the product and
the project execution process meet
specifications that will satisfy the cus-
tomer.

One objection that is sometimes
advanced states that too much concern
for the customer will actually throw the
project behind as we open the flood-
gates for endless rounds of change or-
der requests and spec changes. Actual-
ly, while this might happen to a minor
degree, it ignores the fact that the cus-
tomer also wants the project complet-
ed in a timely fashion. If we are work-
ing with them in a collaborative part-
nership, are maintaining open channels
of communication, and are seeking to
develop trust, we will be able to over-
come the difficulties related to change
orders. Ultimately, the customer will
begin to understand project tradeoffs
from our perspective (our schedule and



cost challenges) and work with us to
mutually solve them. The key lies in
redefining the nature of the relation-
ship. We are not adversaries, we are
long-term partners.

The other benefit of such a part-
nering mentality is that it sows the seeds
for long-term relationships. When cus-
tomers understand our unique mental-
ity of working to please them as our
main motivation, they also begin to look
on the relationship in a different way.
Now, instead of constantly battling for
percentages and minor advantages,
both parties come to value the relation-
ship itself, perceiving that in it lies the
key to a longer-term, positive working
climate.

3) The key to in-process course
corrections is possessing "real time"
data from customers

Too often, customer satisfaction consists
mainly of post-project review sessions,
such as "Lessons Learned" meetings.
While the obvious benefit is that it gives
us a chance to learn what we did wrong,
the main drawback is that this approach
gives the project organization no oppor-
tunities to correct these problems. To
use an American idiom, it is the equiv-
alent of closing the barn door after the
horse has bolted. Yes, we can learn from
these points for future projects but can-
not do anything about them for the cur-
rent one just completing.

ARO's goal of better understand-
ing customer needs consists of generat-
ing real time data on project quality.
Indeed, the customer-based project suc-
cess model will be blended in with oth-
er quality control measures used at
ARO to maintain their high standards
throughout the development process.
The benefit to ARO's customers is that
it maintains a formal feedback and cor-
rections channel as part of the ongoing
project implementation. Customer
needs, suggestions, and concerns are
solicited on a continuous basis in order
to make sure that good relations per-
sist, the project is doing what both par-
ties understand it should be doing, and
formal and informal communications
are maintained.

Conclusions

In an increasingly competitive business
environment, organizations are seeking
new and innovative methods for gain-
ing advantage. Project organizations,
faced with strong international compe-
tition and shrinking profit margins,
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must look for project management ap-
proaches that offer them a method for
positioning themselves as both unique
and offering a superior product. Cus-
tomer-based project success is a tech-
nique that has been earmarked by ARO
as a key to maintaining close and posi-
tive links to clients, not only for projects
currently under development, but as a
"leg up" for creating future business.
While still in its early stages, prelimi-
nary results and reactions to their initi-
ative have been very positive, with cli-
ents discovering ARO's willingness to
go the extra mile for customer satisfac-
tion.
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B CATEGORY: NOTION ON PROJECT MANAGEMENT TRENDS

Why Project Management Doesn't
Always Make Business Sense

Peter W.G. Motris, University of Manchester, UK

The traditional view of project management is of a discipline dedicated to delivering "on time, in budget, to
specification". This view is dangerously outdated. First, it ignores the great importance of properly defining
the project. Optimising the project objectives is a critical part of the management process. Second, it does not
sufficiently focus on optimising the potential commercial benefits of project delivery.

This paper argues that project management needs to be more commercially focussed. To do so it must concent-
rate on better front-end management and procurement, it must improve the performance of the people wor-
king on the project - throughout the whole supply chain - and it must take greater advantage of the benefits

that IT is now offering.

Project management,
traditionally not bottom-line
oriented, has to change.

Project Management is a well-estab-
lished discipline. Developed largely in
the US defense-aerospace industries in
the 1950s and 60s, it has slowly been
spreading into most areas of business
and social life (Morris, 1997). Since the
mid 1980s it has enjoyed a particular
boom, with professional project man-
agement societies promoting it and
more and more companies adopting its
central tenets as core to their business.
It is now widely recognised that project
management provides the fundamental
discipline for achieving successful or-
ganisational change.

Yet project management sits odd-
ly within business. As a discipline it is
often decidedly un-commercial. There
is little if any reference in the literature
or trade writing to its impact on bot-
tom line profitability. Some indeed ar-
gue that Business Process Reengineer-
ing is more effective as a means of de-
livering organisational change and im-
proved profits (Cooke & Wolsten-
home). Worse, there is actually a sub-
stantial quantity of data suggesting that
the performance of project manage-
ment is poor, and that all too often
projects fail to meet their completion
targets.
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Classically, the definition of
project management success is wheth-
er management delivers the project "on
time, in budget, to specification." Yet,
as was argued in The Anatomy of Ma-
jor Projects, this is often not the best
measure of success (Morris & Hough,
1987). Theoretically, you can be on
time, in budget and to specification but
still make a loss or produce something
that does not perform as required. Prof-
itability is an equally valid and in many
ways a better measure. In fact there are
several important financial measures.
Indeed, the project team should in fact
be focussing on a variety of product and
process Key Performance Indicators - as
we shall see shortly.

How long can project manage-
ment continue to be so isolated from
the reality of everyday commercial life?
How can project management profes-
sionals make it more relevant, and val-
uable?

The answer, research and practice
suggests, is to recognise that we are too
often not focusing the project manage-
ment effort properly, and that we are not
drawing on the enablers that now real-
ly allow management to get bottom line
impact. These are the arguments that
this paper examines.

Research suggests that project
managers do not focus
sufficiently on the commercially
key areas

The research data on project perform-
ance indicates, almost without excep-
tion, that the major causes of projects
going wrong are poor definition and
control (Morris & Hough, 1987). In
particular, the data suggests that poor
front-end definition is the area which
is least well understood and managed
and where many problems arise to cause
subsequent problems.

- Poor definition, wrong expecta-
tions, and over-optimistic
assumptions are frequently cited
causes of error and difficulty.

- Inappropriate choice of tech-
nology and weak management
of design have historically been
major causes of projects going
disastrously wrong.

- In certain types of projects,
particularly infrastructure and
public sector projects, "external-
ities" such as environmentalist
opposition have caused major
delays and extra cost.

- Poor control, particularly of
changes, is a major source of
cost and time overrun.

Of all these factors, amazingly,



probably only poor change control
would normally be treated by most
project management professionals as
within the normal domain of project
management responsibility. For project
management to begin delivering suc-
cessful projects, it has to address these
areas of weaknesses.

If the front-end is one area that
project management needs to focus on
more, the way one acquires additional
resources and builds them into a team
is the other.

There are two issues here. One is
procuring resources in a commercially
realistic manner, with their work
aligned to the sponsor's business objec-
tives. The other is developing teams so
that the right input is obtained in the
optimal fashion. Procurement in fact is
crucial, though it is generally under-rec-
ognised in the project management lit-
erature. The team aspect is much more
widely recognised.

Let us turn first to the issue of
front-end management.

The primary area of increased
focus must be the project front-
end

There is a view, hopefully becoming in-
creasingly recognised as out of date, that
project management begins only after
Authorisation-for-Expenditure has
been agreed. It has always been obvi-
ous that in reality setting up the project
effectively is vital to project success. But
with today's emphasis on optimising
project definition for maximum value-
for-money, actively managing this front-
end definition stage is especially impor-
tant - and difficult. The management
of the front end can literally make or
break the project.
Consider some current examples.
- The capital planning process of a
global Fast Moving Capital Goods
company followed annual corpo-
rate planning and budgeting
timetables. There was no prioriti-
sation or active management of
particularly attractive proposals,
no end-to-end management of the
project process. Once project
management was integrated on an
end-to-end basis, competitiveness
and IRR increased by up to 10%.

- In the same way the UK Govern-
ment is currently looking at
prioritisation and active manage-
ment of its capital project budget-
ing.
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Product portfolio management has
always been important in the
pharmaceutical industries. Glax-
oWelcome, however, is currently
increasing the active management
of its R&D front-end and integrat-
ing this into the downstream
manufacturing stage of the project,
even extending this end-to-end
project management into the early
stages of sales and distribution.

The UK Ministry of Defence
(MoD) is currently adopting a new
"SMART" procurement practice.
Core elements of this new practice
include:

- Greater emphasis on treating
the project as a total system;

- Greater investment at the front
end;

- Improved requirements man-
agement;

- Improved estimating and
predicting;

- Incremental acquisition and
concurrent engineering;

- Improved commercial practices.

Technology management is a
significant element of the MoD's
front-end work. There is consider-
able emphasis on Pre-Planned
Product Improvement and greater
use of commercially/readily
available off-the-shelf technology.
Risk management has been
another key element of MoD's
recent project management
attention.

Similarly in the auto and aircraft
industries, amidst intense global
competition there is currently
huge emphasis, from the very
earliest stages of product develop-
ment, on working to shorten yet
further time to market and cost
through the use of integrated
teams and information technology

(particularly CAD/CAM).

In the building and civil engineer-
ing industries, with the current
move trend towards Design Build
and Public-Private Partnerships
there is growing recognition that
there is inadequate understanding
of the practice of design manage-
ment. In projects in general in fact
design management is increasingly
being recognised as extremely
important yet very poorly under-
stood.

All these examples illustrate the
importance of managing the front-end
in order to achieve better project per-
formance. Systemic planning, better
budgeting, technology management,
risk management, improved predictabil-
ity, design management, better prioriti-
sation - obvious though these areas are,
management at the front-end is proba-
bly harder than at any other stage of the
project. Not only are the judgements
more important, they are usually made
on less information. It is a genuinely
difficult area.

And while the benefits of im-
proved timing and end-to-end process
management are potentially very large,
there is equally great danger in rushing
to judgement and making unnecessary
or poor decisions. ("Avoid rush-to-
code.") Good management at the front-
end requires considerable experience

and skill.

Procurement is the next obvious
area of immediate bottom line
opportunity

Procurement savings can go straight to
the bottom line, often with correspond-
ing impact onto shareholder value. Sav-
ings of 10 to 20% can often be achieved
through the focussed management of
procurement. Yet too often insufficient
management attention is given to real-
ising this level of return.

There are two common initia-
tives typically taken in procurement:
cost reduction and partnering. Both are
valid. Both should be implemented
within a carefully thought out project
procurement strategy.

- A major European oil and gas
company has been able to achieve
15 to 25% cost and time-to-
market improvement by treating
procurement as a project in its
own right. Clear savings targets are
established, teams set up, and
work tightly scheduled and
budgeted. As a result:

- The supplier net has been
substantially widened;

- Negotiations are better planned
and conducted;

- Contract management is tighter.

When added to other initiatives
on front-end processes and value
engineering, overall savings have
reached up to 40%.

- Nissan, along with most of the
automobile industry, develops its
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new cars on a project basis, with
all its suppliers working on a
partnering basis. All share in the
reward and the risks. Performance
is measured quarterly and annually
for al members of the supply chain
partnership; Key Performance
Indicators cover quality, cost,
delivery, management, and
development.

- BP has proven evidence, for
example its ETAP North Sea Oil
field and Peni Petti Indonesian
chemicals plant, that alignment of
supply chain objectives coupled
with high performance team
building has resulted in extraordi-
nary performance improvements.
In many cases up to 30% cost
savings have been achieved
through the elimination of
unnecessary contingencies and
value engineering.

- Equally, there are other examples
where this has not worked -
generally where the risks have
been poorly assessed and incen-
tives inappropriately aligned. The
Foinhaven project is an example.
Determining the appropriate
strategy is therefore an important
activity, again often inadequately
performed. What to keep in
house; what to outsource. What
to purchase on a commodity/low
cost basis; what to undertake in
partnership. How to allocate risk.
How to optimise operating
benefits (O&M/ILS)™

Like front-end management
therefore, the way one procures resourc-
es requires a combination of considera-
ble experience and skill. Hard commer-
cial realism and good negotiating skills
must be combined - where appropriate
- with team building and leadership.
After all, having just procured services
in as commercial a way as is sensible,
one now wants to have everyone work-
ing together as a truly motivated team,
focussing on the owner's goals above all
others.

! Operations & Maintenance and Integrated
Logistics Support. Both represent the operation end
of the product cycle after project management has
built the product - current expenditure rather than
capital. There is growing interest in understanding
how project management can gain better input from
this end of the cycle.
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Good project management has
Front-End Definition and
Procurement as integral to its
overall practice

The argument being put forward is not
revolutionary. Project management in
the past has not been wrong. Rather, it
is evolutionary. Project management
has not been adequate. It needs extend-
ing right to the front-end. And more
focused effort needs giving, within the
project, to defining the appropriate
strategy, aligning the project team and
realising the cost savings and value ben-
efits that are nearly always there to be
had.

Consider the project manage-
ment philosophy of Lockheed Martin,
for example, one of the most successful
of the large US aerospace and systems
integrators. Lockheed Martin's summa-
ry of proficient project management
comprises:

- Structured systems definition

- Total systems design and
analysis

- Partnership based contracting

- Comprehensive integration, test
and qualification

- Quality project management
skills and processes

- Scheduling determination

- Forward looking risk manage-
ment

- Real-time cost management.

The key point of this list is not
the particular wording - capturing the
essence of project management in a
short list is bound to involve some ques-
tioning of precise words - but the fact
that front-end definition appears in two
out of the eight points, and that pro-
curement is another.

Better focusing on people and
processes offers huge scope for
improving performance and
hence profitability.

People and the way they perform are
what make exceptional performance.
Having the right people, working really
creatively, make an enormous differ-
ence. We need to be prepared to look
at new roles, new processes and ways of
working, and new means of measuring
and evaluating performance.

New Roles

It is increasingly being recognised that
the owner organisation it has a key re-

sponsibility in setting up and managing
its project. In particular, the role of the
sponsor must be distinguished from that
of the project manager. (The sponsor is
the person who is responsible for the
business success of the project. It is his
money. It is his responsibility to ensure
that the right targets are set, and where
necessary are changed as the project
evolves. The project manager is respon-
sible to the sponsor for ensuring that the
necessary things get done to meet the
sponsor's requirements.) The key own-
er's areas of responsibility and decisions
- for example, definition, safety, pro-
curement route, and other factors af-
fecting its business - need clearly defin-
ing. (The role of operations in project
definition is another important area.)

Output focussed teamwork

Projects, almost always, involve team-
work. Generally there is very substan-
tial teamwork, and the team's perform-
ance generally makes a very substantial
impact on the output of the project as
a whole. But leading project players are
realising that we have only been
scratching the surface.

Leading project based companies
are now putting explicit effort on en-
suring that teams are built and operate
effectively. At one level this involves
ensuring that the right people are mem-
bers of the team. There is increasing use
of integrated project teams - from as
early in the project as possible. These
should involve all key parties, includ-
ing, as soon as appropriate, the contrac-
tors and suppliers.

At another level it involves align-
ing the teams' goals, attitudes, and ways
of working, and liberating their energies
towards the project's objectives. Align-
ment of objectives and working meth-
ods is key. Much greater attention is
being put onto high-performance team
building. The emphasis is on the team
working as a whole not just to meet but
to better the sponsor's objectives.

New procurement methods such
as partnering and alliancing emphasise
these features. All of them - ensuring
the right team composition, alignment,
and high-performance team building -
for example are central features of BP's
Alliancing method of procurement and
project development.

Competencies

Traditionally attention was primarily on
the qualifications that someone need-
ed to perform a job. There is now great-



er recognition of the benefit of focus-
ing on the output performance require-
ments rather than input qualifications.
Output performance is what competen-
cies define.

One part of most competency
frameworks is the appropriate profes-
sional domain. In projects, companies
are turning to professional societies
such as the (US) Project Management
Institute (PMI) and the (UK) Associa-
tion for Project Management (APM),
to provide generic definitions of the ar-
eas in which a project management pro-
fessional should be competent. The
trouble is that both these societies'
"Bodies of Knowledge" are currently a
little out of date. Work has begun on
both to update them. (The current set
of elements being proposed of the APM
Body of Knowledge can be found at
www.UMIST.ac.uk/CRMP)

Several companies are now mak-
ing direct use of these professional Bod-
ies of Knowledge to develop interna-
tional programmes involving independ-
ent qualifications. British Aerospace,
for example, uses the APM Body of
Knowledge as its project management
competency structure almost unaltered.

AT&T and Unisys use the project
management societies' qualifications as
external benchmarks of competency.
AT&T, for example, uses the PMI PMP
qualification as a rung in its project de-
velopment ladder. Unisys combines
APM's APMP qualification with the

German Fachman qualification.

Processes and Performance Measures

Projects are prime examples of process
orientated organisations. A project is
based on its evolving life cycle, driving
towards project completion. Project
personnel need to understand the over-
all life cycle process structure so that
they can see how their own contribu-
tion fits into the activities of others to
achieve the overall project objectives.
There are now several examples
of companies developing generic
project process maps’; there are even
whole industry generic sector process
maps- the UK construction industry has
one developed by the University of Sal-
ford (Cooper). Such process maps have
the added advantage of clearly position-
ing review points where performance is
measured - which brings us neatly to the
issue of identifying the appropriate per-
formance measures and ensuring these
are reported against at the right time.
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Too few project managers use the
right performance measures

It is not just the focus of project man-
agement attention that needs realign-
ing, it is also its measures. As we have
seen, historically, project management
has been defined in terms of accom-
plishing a task "on time, in budget, to
specification." Traditionally, the trouble
is, these targets were too often decided
early in the project and may no longer
be the best measures of real project prof-
itability. Too often insufficient attention
is given to maintaining measures that
relate the impact of project delivery on
business performance.

(The reasons for this are complex.
Among them, perhaps the major one is
that the business case for the project
may have been prepared some time ago
and that this then got formalised into
some form of execution contract - and
there is plenty of experience to suggest
that changing specifications midway
through a project can be a major cause
of rework, delay and extra expense. A
slightly less valid reason however is that
the project sponsor - the holder of the
business case - may not be tightly
enough involved in managing the de-
velopment of the project. Or equally,
that the project manager has little or
no motivation to think about how his
project may be optimised to his custom-
er's bottom line.)

The traditional measures of
project success are clearly no longer
sufficient. The best project manage-
ment companies in fact typically uses a
variety of performance measures, or
Critical Success Factors. Product ones
such as Business Success, Operating
Efficiency, Competitive Position, Finan-
cial Return (IRR, NPV, cash flow), Risk,
and Customer Satisfaction; and proc-
ess ones such as Safety, Health, Envi-
ronmental Impact, schedule, cost and
cash. Modern best practice in project
management would ensure that these
various measures are tracked, at differ-
ent levels of the project, as it evolves
through its life cycle.

At key review points the project's
Key Performance Indicators - including
all these on product and business suc-
cess - ought to be reviewed. Opportu-
nities for performance improvement
should then be actioned, providing that
the risks of so doing outweighed the re-
wards. New measures might even be
proposed to enhance the business case.

Where possible, some form of per-
formance comparison should be under-
taken. Benchmarking has become the
fashionable word for this. Benchmark-
ing implies comparing oneself against
the "best in class" standard. There are
various standards, and hence classes of
benchmark: for example, intra compa-
ny, intra industry, or cross industry. But
beware of falling for the trap that there
is some "best in class" standard which,
once attained, means that you have
achieved the desired outcome. As pro-
fessor Francis Hartman from the Uni-
versity of Calgary, Canada has pointed
out, benchmarks imply stability where-
as in fact we are living in a world of
"Continuous Improvement".

Organisational Learning has
become increasingly important in
today's environment of
Continuous Improvement.

Projects are typically highly differenti-
ated, many different organisations per-
forming different tasks on extended and
changing processes. Historically there
has been little culture of collecting pet-
formance data and learning how to im-
prove in the future. Today's projects,
however, with their emphasis on align-
ment, teamwork, value for money, con-
tinuous improvement and Total Quali-
ty, are changing this. Learning sudden-
ly becomes important - as an aid to im-
proving, and indeed as a way of adapt-
ing to changed conditions and staying
competitive.

Fortuitously, information tech-
nology has developed the ability to sup-
port organisational learning in ways that
were not really possible just a few years
ago. The most obvious example is the
development of Internet technology.
Video conferencing and other Compu-
ter Supported Work Sharing techniques
allow information to be shared across
the project in powerful and immediate
ways. Distance learning and multime-
dia allow lessons learned to be put in
learning format and guides to best prac-
tice to be developed and accessed on
an as-needed, just-in-time basis.

These shifts, which I personally
see as extremely important to the long-
term development of project based
practice, are mirrored by similar appli-
cations in training and knowledge man-

? BAe (British Aerospace), BAA (British Airport
Authority), BNFL (British Nuclear Fuels Limited),
DoD (Department of Defense)

Page 15



agement. The combined use of multi-
media, distance learning on an IS de-
livered platform (CD or intranet) sud-
denly changes the economics - and ef-
fectiveness - indeed the whole notion -
of training for organisations that are
physically dispersed. Similarly, IT tools
are now able to capture, store and ac-
cess information - knowledge - in ways
which were not possible just a few years
ago. Knowledge is increasingly being
seen as a core organisational asset. Man-
aging it more effectively for the project
is a logical extension of managing it for
the enterprise as a whole.

Information Technology
continues to be a fundamental
driver for improved project
performance

Information Technology is a key ena-
bler for most of the practices discussed
in this paper.

Computer Aided Design and
Manufacturing offers significant oppor-
tunities in front-end modelling. When
combined with computer based prod-
uct information, such as that represent-
ed by STEP and IAD?, the potential for
estimating and pre-building accurately
can be significant. The cost-benefit of
applying the technology is crucial how-
ever. Preliminary research at UMIST
shows that the stability of the design,
one's position in the supply chain, and
one's ability to predict and control the
final outcome are all extremely signifi-
cant (de Gusmao, 1997). Aerospace
and automotives can optimise techno-
logically much more usefully than build-
ing; a prime contractor can gain more
benefit than a component supplier.

Even in procurement IT can be
significant. Automated RFIs and RFPs
(Requests For Information and Re-
quests For Proposals) have been found
to widen the supply net enough to lead
to tangible cost savings. (Whether there
are cost savings through electronic
commerce is arguably still moot.)

While teamwork is one dimen-
sion of concurrent engineering/ simul-
taneous design, IT is undoubtedly the
other. Simultaneous design is the activ-
ity of having design proceed in parallel,
often in geographically dispersed loca-
tions. Concurrent engineering is this
plus having the team drawn from rep-
resentatives of all the parties who will
influence the final outcome - manufac-
turing, marketing, operations, etc., as
well as design. While the manner in
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which this team works is clearly impor-
tant, there is no doubt that the extent
to which data is held and shared be-
tween the team members is equally cru-
cial. The contribution of IT in facilitat-
ing this through modelling, file sharing
and effective communications contrib-
utes enormously to the effectiveness of
the team working.

The same arguments apply right
through the life cycle. Concurrent en-
gineering tends to pitch the focus on
the front-end but exactly the same ap-
plies later. Look afresh at processes: can
Computer Supported Work Sharing
then lead to significant performance
improvements? There is little doubt
that it does in manufacturing but even
in construction recent research demon-
strates that substantial benefits are
available.

Even in the seemingly softer are-
as such as organisational learning there
is evidence, albeit so far not quantified,
that IT can contribute significantly to
organisational performance. Internet
technology and multimedia have al-
ready been mentioned as ways of col-
lecting information - for example on
lessons learned from past projects - and
of disseminating it more widely and in
easier to absorb forms. Data mining,
Case Based Reasoning, and intelligent
programs (Al, Knowledge Based Sys-
tems, and expert systems) are examples
of IT tools that help better represent
information - as knowledge - and turn
that knowledge and information into a
profitable asset.

Conclusion

The practice of project management is
changing. New technologies and man-
agement practices are giving managers
new means to improve performance.
There is greater emphasis on high per-
formance teamwork. Information Tech-
nology is dramatically improving a wide
array of areas, from communications
and modelling predictability to knowl-
edge management.

The real change however is the
increasing recognition that the simple
"on time, in budget, to specification"
view of project management is not suf-
ficient. Project management needs to
be more directly concerned with the
bottom line. A more sophisticated set
of performance indicators needs system-
atically reviewing as the project evolves.

Greater attention to the front-
end and procurement in particular will

have a significant impact on project
performance. Often neglected in the
management literature, these two are-
as - quite different in nature and man-
agement difficulty - should now be re-
ceiving increased attention, both in re-
search and practice.
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The paper highlights the problem of the integration of project cost control and company cost accounting in
project-based companies. Four different dimensions of the problem are pointed out: the multi-project environ-
ment, the relationship between accounting period and project portfolio planning horizon, the cost controllabi-
lity and the relevance of cost maturity stages on economic control.

A different classification of costs, which makes reference to different levels of controllability, provides a model
which allows to manage project costs at the most appropriate company level. Further, a layered' view of the
project baseline is seen as a tool for effective project control - to monitor costs and to implement corrective
actions - and performance measurement. Finally, the effect of project cost maturity stages - from commitment
to expenditure - on the planning and control process is analysed.

Introduction

Adequete level of integration between
company and project management
processes is a strategically important
factor in the success of project-based
companies. For engineering and con-
tracting companies the project is the
main product/service and management
by projects is the main 'production proc-
ess'. Further, due to the progressive re-
duction in product/service life-cycle,
caused by high levels of innovation and
rapid development of markets, the man-
agement by projects is becoming more
widespread even in manufacturing en-
vironment. Within this context, a low
integration between company cost ac-
counting and the control of project
costs can cause significant problems. It
is possible, for example, that although
current projects show high levels of per-
formance, they may register significant
losses in the accounting period. One of
the reasons is certainly the tendency to
uncouple the reporting cycle of com-
pany economic results, related to the
financial year, and the cycle of opera-
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tional processes which refer to a project
life-cycle generally covering a number
of years.

While in recent years engineer-
ing and contracting companies have
played a pioneering role in the devel-
opment of project management meth-
odologies and techniques, they have
often adopted typical general industry
accounting systems, based on cost cen-
tres, on functional departments and on
short-term economic assessment.

Nevertheless the type of perform-
ance demanded of the company ac-
counting system must be consistent
with the characteristics of the project-
based production (Séderholm, 1997).
Typically, projects involve, at their start-
ing point at least, production under
fixed conditions of time, cost and tech-
nical performance of a still largely un-
determined product. In other words, the
product features are detailed as work
progresses. Unlike repetitive produc-
tion, product specifications and per-
formance are more the output of the
production process rather than its in-

put. This is the main feature of project-

based production, that should drive the

company overall management ap-
proach.

This framework highlights three
important implications for management
control processes:

- An effective planning and cost
accounting process must respect
the company's typical operational
cycle which is based on impulse
rather than flow processes. The
control reference point cannot,
therefore, be a unit of time, e.g.
twelve months for budgeting and
monthly reporting, but should be
rather the project life-cycle or the
time horizon considering all the
projects underway at a given time
(project portfolio).

- Identification of the levels in the
organisation to which the different
types of cost and resources are
assigned is critical not only for the
assighment of responsibility, but,
above all, to ensure effective
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Figure 1. The planning and control process (Cagno et al., 1998)

planning mechanisms and correc-
tive measures. The diagram in
Figure 1 shows four management
levels found in engineering and
contracting companies and their
dependence on each other in the

planning and control process
(Cagno et al., 1998):

- single project management;
- project portfolio management;

- management of functional
department;

- overall company management.

- Itis important to implement
management control systems able
to monitor and assess operational
performance, in terms of effective-
ness and efficiency, i.e. project
management quality, and integrate
these with the company's econom-
ic and financial results in the
accounting period.

The problem has managerial im-
portance, not limited to the mere iden-
tification of the most suitable perform-
ance parameters. Indeed, it is clear that
a consistent assessment of results must
be based on initial coherence between
company budgeting process and project
planning.

As observed by several authors
(Turner & Speiser, 1992; Platje et al.,
1993; Platje et al., 1994; Scheinberg &
Stretton, 1994), managing the multi-
project environment plays a fundamen-
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tal role in project-based companies. The
interdependence between the projects
in a company's portfolio - projects in
progress, at proposal or close-out stage
- is always evident. In particular:
- dependence between project
objectives with respect to
company strategy;

- dependence in the use of
common Tesources to attain
company objectives to which all
projects must contribute.

Various approaches to multi-
project planning to manage the com-
plexity of the inter-dependencies be-

tween projects have been developed
(e.g. Cagno et al., 1998).

Main aspects of the integration
problem

Within the above context, the integra-
tion between the company cost ac-
counting system and the economic con-
trol of the project is certainly complex
and requires that many different, strong-
ly interrelated factors involving the en-
tire company (e.g. organisational, man-
agerial, technical, methodological,
technological, etc.) are taken into ac-
count. There are, however, four funda-
mental aspects of this problem:

- the multi-project environment,
i.e. the allocation of limited
resources which are balanced
on the basis of the progress level
and the priority of the projects

in the portfolio. This is a
dynamic process, in which the
consumption of resources
evolves over time as a result of
the rolling wave overlapping of
the resource allocation 'profiles'
in all active projects (cf. Figure
2);

- the view of the accounting
period as a 'time window' within
a planning horizon defined by
the entire project portfolio (cf.
Figure 3);

- the varying level of controllabil-
ity of different project costs by
the project team. This produces
a 'layered' vision of the project
baseline in function of the level
of control that the project team
can exercise over the different
costs. Figure 4 shows an exam-
ple of a 'layered' baseline
dividing costs into specific
(controlled by the project
management team) and com-
mon (beyond the control of the
project team) costs;

- the incidence of cost maturity
stage - i.e. the classical se-
quence, committed, accrued,
recorded and paid - on econom-
ic control, with particular
regard to the accrual concept
referring to when the corre-
sponding resource is consumed

(cf. Figure 5).
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It is within these four aspects that
project-based companies find opportu-
nities and restrictions in the develop-
ment of effective cost accounting sys-
tems and tools. Integration of the com-
pany cost accounting system with
project cost control means, therefore,
integration of the above four elements
in a management model which can
then, in turn, provide specific opera-
tional tools.

Cost classification and project
control

The definition of cost categories is of
fundamental importance in the eco-
nomic control of a project, as well as in
company cost accounting system. From
the point of view of an effective con-
trol of project costs, three aspects should
be taken into account:

- The level of controllability of
different cost items changes
accordingly with the organisation-
al levels: project team, functional
departments, overall company (cf.
Figure 1). For example, a company
could implement an accounting
system able to calculate the cost of
invoicing for a project (e.g. based
on the hours worked by adminis-
trative personnel). However, the
project manager has little if any
control over the way such person-
nel work. In other words, adminis-
trative activities (and costs) are
not a means by which the manager
can control project costs.

- Cost configuration means the
body of attributes which provide
an unambiguous interpretation of
the significance of a given cost
item and hence of its quantity and
attribution (who consumes, who
authorises, who oversees the
expenditure/procurement proce-
dure and with what level of
control?). The choice of the best
configuration for the cost should
be function of the control objec-
tives and the desired organisation-
al behaviour.

- The incidence of cost maturity
stage (committed, accrued,
recorded, paid) on the economic
control of a project, particularly in
terms of when the corresponding
resource is 'consumed, i.e. respect-
ing the accrual period, and in
terms of the different stages of
planning and control process (cf.
Figure 5).
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The inclusion of these elements
in the integration process between the
overall company control system and the
project cost control systems may be fa-
cilitated by two emerging factors. To-
day, the concept of 'strategically correct
cost' configuration (Horngren, 1982;
Horngren & Foster, 1987) is generally
used when talking about cost account-
ing and management control systems.
Going beyond the myth of the 'true'
cost, which had been sought with ever
more sophisticated methods, it is now
accepted that there are various possi-
ble configurations of a given cost, while
the applicability of each is related to the
performance objective and the desired
management behaviour. Besides, new
architectures of information systems,
based on data warehouse concept, are
nowadays widespread allowing a multi-
dimensional data analysis on the basis
of company management levers. Both
cost configuration and information sys-
tem configuration, assume considerable
significance in engineering and con-
tracting companies with a typical 'ma-
trix' organisation and thus with at least
two distinct views: by functional depart-
ments and by projects. However, other
dimensions might equally form part of
the management analysis domain: busi-
ness line, geographic area, maturity
stage, type of resource, currency, etc.
Note that in an integrated company
information system, the general ac-
counting dimension (balance sheet) is
always present. Figure 6 gives an exam-
ple of a possible model to classify the

costs of a project-based company. Mul-

ti-dimensional analysis of company

costs is certainly an important tool in
integrating company management con-
trol and project cost control.

The classification of project costs
therefore plays a crucial role. Indeed,
referring to the strategically correct cost
concept, it is not possible to assign an
absolute preference to any one of the
available classification schemes. The
most well known and widespread
scheme takes the level of connection
between a given cost and the single
project as the reference criterion, con-
sidering external (resources acquired
specifically for the project, i.e. purchas-
ing) and internal (company internal
resources) costs. However, other classi-
fications focusing on different criteria
can be defined and profitably used. A
classification may, for example, take the
connection between a specific cost and
project progress as the reference crite-
rion, so obtaining three distinct cost
categories:

- Progress costs, i.e. all expenses
directly proportional to the
physical progress of the project:
direct materials, operational
equipment, direct labour, etc.

- Apportioned costs, i.e. all specific
expenditure for a single project
although not directly linked to
physical progress and divided into:

- Costs apportioned to progress
costs, e.g. costs to supervise
construction, quality control of
materials, etc.

- Costs apportioned to the level
of effort, e.g. making up delays
in the supply of materials by
intensifying expediting.

- Costs apportioned to the
duration of the project, e.g.
fixed site costs.

- Common costs, i.e. all general
overhead costs.

The project margin, given by the
difference between contractual income
and specific project costs (progress and
apportioned), as shown in Figure 7, is
therefore an adequate assessment index
of the economic result of the project.
The proportion of this margin used to
cover common company costs and the
proportion determining profit is a
choice which goes beyond the scope of
the project, being part of the overall
company management control.

It is also possible to delineate a
project cost classification which uses
the level of controllability by the project
team as the explicit and predominant
criterion. The aim is to achieve a more
effective model to control costs and as-
sess results, as described below. The
classification scheme can be derived
from the simple representation of a ge-
neric cost item (C,):

Cik =Ci [Qy

where for the project 'k, ¢, is the
unit cost of the resource 'i' to which the
cost refers and Q, is the quantity of the
resource 'i' used for project 'k'. Note that
financial incomes and charges can also

initial revised estimate committed consumed recorded paid local strong national
budget budget ||to complete] currency| | currency| | currency
S S S f S S
| FORECAST | ACTUAL | | NATION |
MATURITY STAGE GEOGRAPHIC AREA
DESTINATION GENERAL ACCOUNTING
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Figure 6. Example of a multi-dimensional cost structure
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Figure 7.

be managed within this scheme. There
are three situations of decreasing con-
trollability:

- Price-Quantity-based costs: the
project team is able to control
both factors determining overall
cost, i.e. unit cost and quantity
consumed, e.g. specific external
costs (materials, sub-contracts,
outsourced services, etc.).

- Quantity-based costs: the project
manager controls the quantity
of resources used, while the unit
cost is fixed at company level.
This situation includes non-
specific external costs (e.g.
materials procured by a central-
ised procurement department)
and specific internal costs (e.g.
'internal' engineering hours,
'internal' procurement hours,
etc.).

- Owerheads: the project assumes
certain structural costs over
which it has no control (e.g.
administrative costs). These
costs mainly depend indifferent-
ly for each project on the ratio
between company capacity and
current workload.

Cost maturity stages and project
control

A cost evolves over time as the project
progresses. This evolution is demon-
strated by the four maturity stages
which (e.g. in the case of the procure-
ment process and utilisation of materi-
als) refer to: commitment (purchase
order), accrual (utilisation), recording
(invoicing) and payment (cash out-
flow). Each of the four stages has spe-
cific relevance with respect to the dif-
ferent aspects of either economic or fi-
nancial control of the project (Ham-
burger, 1986).

Following the principle of accru-
al period, economic control and the
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Calculation of project margin

assessment of project progress would
require that the cost is to be taken into
account at the moment in which the
corresponding resource is consumed (cf.
Figure 5). This is what happens, for ex-
ample, during the planning stage if the
project baseline is derived from a CPM
network on the basis of the time sched-
ule of the activities, each scheduled
activity corresponding to a given re-
source consumption and therefore to an
operating cost.

To anticipate cost assessment as
much as possible and so highlight any
variance from the baseline immediate-
ly, it is possible, during the project exe-
cution, to use the committed curve
comparing actual values with planned
values. However, the possibility of sig-
nificant imprecision when this method
is applied indiscriminately to all types
of resource should not be underestimat-
ed. Indeed, the period between commit-
ment and use of a resource can vary
considerably with the resource consid-
ered. For example, months may pass
between the commitment and the in-
stallation of plant components pro-
duced by sub-contractors. Again, in the

case of main plant components, the
time between commitment and record-
ing, shown on the graph as the distance
between the committed and the record-
ed curves (Figure 5), is essentially a
function of supplier delivery times. Giv-
en the length of this period in compar-
ison to the time required to issue and
receive the invoice, particularly in the
case of critical components, the accrued
and recorded curves should be quite
close to each other. The time between
invoicing and payment (i.e. between
the recorded and the paid curves) de-
pends on contractual agreements on
payment terms. The forms of payment
most commonly used envisage:

- a down payment, i.e. payment is
effected, at least in part, before
the corresponding resource is
used;

- a credit payment, i.e. payment is
made after use of the corre-
sponding resource.

Down payment is used, for in-
stance, for large sub-contracts with long
delivery times, where the supplier re-
ceives a substantial advance payment
in order to realise the work. Such out-
comes are concentrated at the begin-
ning of the project, meaning that the
paid curve may precede the accrued
curve (cf. Figure 5). However, as the
project progresses, resources paid by
credit payment tend to predominate,
also because of the general application
of a retainage on suppliers to guarantee
the quality of supply. Figure 8 illustrates
the importance of the different cost
maturity stages in the different phases
of planning and control process. It is
evident that the recording (invoicing)

PROJECT PROJECT e ol
PLANNING CONTROL PERFORMANCE MANAGEMENT
MEASUREMENT CONTROL
COMMITTED | } ACTUAL COMMITTED
BASELINE AND FORECAST
|
v y
ACTUAL ACCRUED ECONOMIC
Qﬁggﬂﬁz '} AND FORECAST ‘* OF;ETR:: EMQTECET
|
INVOICED || } RECORDED COMPANY
BASELINE AND FORECAST BALANCE SHEET
I
PAID _} ACTUAL PAID AND _} PEEIFNQ';;Z\,\I,'CE
BASELINE FORECAST OF THE PROJECT

Figure 8. Project control process and cost maturity stages
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Figure 9. Example of 'Layered baseline' referring to cost controllability

phase is the basis for the definition of
project cash-flows (a function of the
payment terms of incoming and outgo-
ing invoices), and can be seen as the
hinge between the economic and the
financial control of the project.

Assessment of the economic
result of a project

The perception of the interdependence
between the levels of control within a
company is a fundamental factor in en-
suring that objectives and responsibili-
ties are coherent with the effectively
available management levers in each of
the identified levels. This coherence is
indispensable in order to obtain man-
agement behaviour in line with objec-
tives, and assumes particular impor-
tance with regards the economic con-
trol of the project. In facing the prob-
lem, two indivisible factors must be tak-
en into account:

- the organisational configuration

of which the project is a part;

- and the structure of the plan-
ning and control process.

Generally, a clear distinction be-
tween project-level and company (or
single functional department) -level of
controllability cannot always be iden-
tified, as a range of organisational grades
(e.g. from a weak to a strong matrix) and
different levels of detail in the assess-
ment of the various types of cost (with
the respective drivers) are possible.

Identification of specific areas of
responsibility in the effective use of
available resources to achieve the de-
sired results facilitates a correct alloca-
tion of project and company costs. Here,
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too, project portfolio management is of
particular importance. Referring to the
planning and control model shown in
Figure 1, a correspondence between the
different areas of control and the type
of cost identified is evident. Price-
Quantity-based costs are entirely man-
aged at project level. Overheads are
managed by the single functional de-
partment or at the overall company lev-
el. It should be noted that the unit cost
of the internal resource assigned to a
given project is a company decision (in
line with the concept of the strategi-
cally correct cost). Company decisions
on which cost items have to be used to
determine the unit cost of the internal
resource have a strong impact on man-
agement behaviour and choices both for
the functional departments and for the
project team. In "make or buy" problem,
different configurations for the unit cost
can be set taking into account of just
department variable costs, or depart-
ment full costs, or company full costs
(including overheads). The choice of a
specific cost configuration can strongly
affect the decision of "make or buy"
problems.

A unit cost configuration which
only includes department full costs
leads to a cost for the use of internal
resources comparable to what in man-
ufacturing is termed the full industrial
cost. In this way, the project is charged
with company overheads in a direct and
transparent way, rather than indirectly
via the use of internal resources.

Two observations complete the
picture which has been drawn:

- in addition to the type of cost,
other factors influence the unit

cost value of internal resources:
resource reference quantity for
the calculation of the unit cost
(e.g. target or actual workload),
reference to budget or actual
cost, etc.

- much attention should be paid
to ensuring that overheads are
not assigned to a project twice,
first directly via a quota fixed at
company level, and second
indirectly via the costs deriving
from the use of internal resourc-
es.

With reference to different cost
categories, deriving from a specific cost
classification, a number of cost curves
can be defined, rather than just a single
project baseline.

Indeed, accordingly to the strate-
gically correct cost concept, a specific
cost classification should be choose with
regard to the key factors for the project
success and to the desired managerial
behaviour. Thus, a 'layered' view of the
project baseline allows to point out
project critical costs and to manage
them properly. Considering, for exam-
ple, the different level of controllabili-
ty of the single costs making up the to-
tal project cost, a 'layered baseline' can
be set in function of the level of con-
trol exerted by the project team over the
various cost categories (Figure 9). In
this case a 'layered' baseline makes it
possible to:

- focus on the portion of control-
lable cost obtaining a correct
evaluation of project perform-
ance;

- highlight the unsettling effects



of any internal or external
disturbance in the appropriate
control environment;

- monitor the development
during project progress of
constraints which influence the
economic result;

- obtain a more rapid and deeper
understanding of the dynamics
underlying the project progress;

- manage costs on the basis of the
type of corrective action which
can be implemented: reduction
in the unit cost and/or of the
quantity used of a single
resource.

Conclusions

In the present context, effective inte-
gration between company cost account-
ing and project cost control is an im-
portant factor in project-based compa-
nies' long-term competitive positioning.

The main factors within which
the problem must be treated in order to
be faced correctly have been highlight-
ed:

- a multi-project environment;

- relationship between project
portfolio management and
overall company management
(a time window within the
portfolio planning horizon);

- different management approach
as a function of the level of
controllability of each cost item;

- management of project cost
development over time, i.e. the
cost maturity stages.

Future development involves the
realisation of management control
models and systems able to monitor and
assess even operational performance
parameters. Indeed, it is increasingly
important to concentrate efforts in the
continual improvement of project man-
agement quality, i.e. project effective-
ness and efficiency. To this end, opera-
tional parameters - e.g. physical
progress, amount of repeated work due
to the late emergence of non-conform-
ities, technical performance etc. - must
be identified, which integrate with the
economic and financial parameters,
describing project and company per-
formance. This objective necessarily
demands ever greater integration be-
tween overall company control and
project management (internal integra-
tion), as well as in relation with cus-
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tomers and suppliers (external integra-
tion). Both conditions are indispensa-
ble to ensure that:

- technical and management
factors monitored at operational
level reach, appropriately
filtered, the management
control level, so extending its
scope beyond solely economic
data;

- customers' expressed and
implicit needs are included in
the main contractor's control
system and are, in turn, trans-
ferred to sub-contractors.

The ultimate aim is to enlarge
companies' strategic and management
horizon, exploiting medium and long-
term competitive factors, rather than
merely short-term economic and finan-
cial results.
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B CATEGORY: NOTION ON MANAGING MULTICULTURAL TEAMS

Inside The Looking Glass -
Cultural Diversity in Global

Project Teams

David B. Pabst, Pinnacle Management Systems, Inc., USA

Today's global comtanies face tremendous challenges integrating the diverse cultures prevalent in the modern
workforce. As projects become increasingly global, project teams must deal with a new range of challenges
from language barriers and time differences to religious diversity and differences in eating habits. A Project
Manager faced with an international array of customers, suppliers, and team members needs to be aware of
these cultural differences and take special care to avoid the potential risks and pitfalls associated with them.
For many Project Managers, particularly for Americans with little or no international experience, this can be a
daunting challenge.

But with proper communications, this challenge can seem more of a minor inconvenience than a major obstac-
le. In fact, communication is the most critical success factor in overcoming these cultural obstacles. By recog-
nizing the needs and perspectives of the various people supporting the team, the Project Manager can develop
and implement an effective communications plan that supports the project objectives. This plan must be based
on more than just the personal experiences of the Project Manager - it must consider all cultures and all
environments involved with the project.

This paper highlights some of the significant communications issues facing a global project team and suggests
some practical steps to help the Project Manager build an effective team in a multi-cultural environment.
Further pre-research for understanding cultural issues is important.

The Importance of Effective
Communication

This paper focuses on one key element
a Project Manager must consider in
dealing with this situation - the estab-
lishment of an effective Communica-
tions Plan. It cannot discuss in its brief
few pages all of the critical aspects of
global project management.

On the other hand, effective
communications can go a long way in
building a project team that is prepared
to deal with other management chal-
lenges, so it seems a logical place to
start.

In the article, "A Leadership Pro-
file of American Project Managers,"
which appeared in the Project Manage-
ment Journal March 1998, Zimmerer
and Yasin surveyed senior Project Man-
agers across the United States.

Zimmerer and Yasin identified
that the two most critical roles of suc-
cessful Project Managers are as Team
Builder and Communicator.
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In planning communications
with the project team, it is essential that
you consider all of the participants in
the project - including clients, stake-
holders, project team members, part-
ners, suppliers, regulatory agencies, and
your own organization. By explicitly
considering the cultural backgrounds of
each of these participants you can iden-
tify the potential (or probable) risk fac-
tors that can inhibit effective project
communications, and can develop ap-
propriate mitigation strategies.

Failure to take into account the
significant cultural differences of your
project team, and a stubborn insistence
that this varied mix of people can adapt
to "your way" of doing things, is a reci-
pe for disaster.

Getting Ready for Your
Adventure

When a Project Manager is posted to a
new international assignment, he or she
must be prepared to face the adventure.

Here are some suggestions for initial
preparation based on the author's ex-
perience in deploying people to far-
flung corners of the globe:

1. Make Contact Early. Contact the
existing team in the new location.
Seek input on the current situa-
tion, information about the local
cultures and any difficulties that
might be encountered upon
arrival.

2. Learn about the Players. Learn
about the players on your new
project team from all available
resources. Request a list of all
project participants that indicates
each individual's cultural identity.
Request resumes on key players to
learn about their background and
experience. Check with your
contacts in the business who may
know the people you will be
working with before you arrive.

If the new posting is to a region



where there are no current
operations, then there is no
existing project team to learn
about. In this instance, it is crucial
to have an agent or a representa-
tive at the location to assist in
getting established in the new
culture.

3. Search the Web. Many excellent
resources are available for infor-
mation on the cultural aspects of
the region. The U.S. State Depart-
ment and several other U.S.
government agencies offer exten-
sive information on regional
cultures. Table 1 provides a listing
of several Web sites that are useful
in preparing for a new internation-
al assignment.

4. Check your Local Library or
Bookstore. Check your local
bookstore or library for publica-
tions on the region or cultures
involved. There is a tremendous
wealth of published information
on virtually any location and any
culture in the world

5. Learn the Language. Learn some
basics of the host language.
Greeting your host or your new
customer in his or her native
tongue, no matter how limited
your abilities, is a gesture that is
universally appreciated. When
done tactfully, it indicates a
willingness to accommodate their
needs and a genuine desire to
respect their culture.

6. Meet the Locals. Upon arrival at
the new project site, take time to
familiarize yourself with your new
surroundings and make an effort to
meet some local residents. The
first order of business is to find a
residence for your yourself and
your family. Use this opportunity
to get to know your new city and
to make some local contacts.
Perhaps a trip to a local bank,
grocer or other retailer will offer
additional insights. These people
are living models of the project
team you are going to be dealing
with, and they can help you to be
prepared before your initial
encounter with your team.

Building a Communications Plan
The next step is the development of a
Communications Plan. This plan, dis-
tributed to the entire project team, ad-
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dresses the complete spectrum of com-

munications within the project.

At a minimum, the Communica-
tions Plan should address what needs
to be communicated, to whom and by
whom, when, and in what format. The
Communications Plan also needs to
address specific cultural influences that
are applicable to the current situation.

In developing your plan, consid-
er the following kinds of issues:

- Holidays -- Recognize that during
Ramadan, progress will be affected
in Islamic countries. Understand
that during August in Germany,
much of the workforce will be on
holiday. Accept that Rio during
Carnival will not be as productive
as other times of the year.

- Working Schedules -- Many of the
Mediterranean countries take an
extended lunch break, working
late into the evening. Some
countries limit the hours that can
be worked in any given day, and
Arabic countries may work
Saturday through Wednesday.

- Sensitivity to Formality -- Many
cultures, particularly those of Asia,
have a distaste of formal corre-
spondence and prefer that com-
munications be more informal, on
a face-to-face basis. Given this
situation, specify those items that
must be documented (change
proposals and records, limited
contract correspondence, approval
sign-offs), but be flexible and
accommodate the need for more
personal contact. Use a low-key
approach rather than excessive
formality.

- Sensitivity to Protocol -- Some
European cultures frown on
discussing business during a meal.
Many countries in the Middle East
and elsewhere have a process of
discussion, usually starting with
informal discussions about family
or special interest items (sports,
entertainment, etc.), then talking
about minor business issues before
getting into the crux of your
agenda.

A Communications Plan is
worthless if it is developed in a vacu-
um, or if once it is developed it sits on a
shelf collecting dust. The best advice for
formulating an effective communica-
tions plan is to involve representatives
of the various cultures in your planning

process. Ask them what works, and
what doesn't. Ask them to help you put
together a plan that is sensitive to cul-
tural differences in the team.

Treat the plan as a living, breath-
ing, changing document. Don't be afraid
to modify it as you gain more experi-
ence with the project team members.
Most importantly, make sure the plan
itself is properly communicated and
understood throughout the project
team.

Conclusion

Today's Project Manager has the oppor-
tunity to plan for, and overcome, many
of the cultural obstacles that are en-
countered when building and leading
highly effective, high-performance
project teams in the global marketplace.
Effective communications is one of the
most important aspects of this process.

In order to build and implement
an effective communications plan,
project managers must prepare by learn-
ing as much as possible about the peo-
ple, cultures and environments in-
volved in the project. Next, a commu-
nications plan should be developed with
active participation from members of
the team representing the diverse cul-
tures involved. Special care must be tak-
en to accommodate cultural norms and
expectations. The resulting communi-
cations plan should be fully communi-
cated to all members of the team and
should be continuously improved based
on experience. With the development
and application of an effective commu-
nications plan, cultural diversity can
become a strength to be celebrated rath-
er than an obstacle to be overcome.
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INTERNATIONAL IT DIRECTORY

The General Services Administration, through
its Office of Inter-governmental Solutions
(OIS), is a focal point to ensure that the infor-
mation technology experiences of some are
learned by all. OIS is in a unique position with-
in the worldwide I'T community. Access to key
officials within the Federal government as well
as in the international, State, and local IT com-
munities creates this unique centralized posi-
tion. This particular page is "A Guide to Infor-
mation Technology Officials in Governments
and International Organizations"

http://policyworks.gov/org/main/mg/intergov/

nationhd.htm

CURRENT EVENTS

Cable News Network (CNN) site that gives in-
ternational happenings coverage daily and also
helpful regional information and links.

http://cnn.com/WORLD/index.html
GENERAL INFORMATION

This web page is a collection of sites for general
international information, as well as historical
and ancient facts on various regions around the
world. This site specifically gives information
on the following regions: Canada, Africa, Asia,
Australia & Oceania, Europe and Latin Amer-
ica. Population information is also included.

http://www.edenhance.com/people.htm

INTERNATIONAL HOLIDAYS AND
EVENTS

This web site contains a current Holiday Cal-
endar for 217 countries and includes 1488 in-

dividual holidays.

http://www.classnet.com/holidays

EDUCATIONAL COUNTRY TOURS

An EF Educational Tour is an opportunity to
discover new countries, languages and ideas
through group travel. In essence, nothing makes
education more vivid than firsthand experi-
ence. For over 30 years, EF has introduced for-
eign cultures and lands to people worldwide.

http://www.eftours.com/standard.html

UNITED NATIONS
INTERNATIONAL STUDIES

This online series of information is provided
by the Federal Research Division of the U.S.
Library of Congress under the Country Stud-
ies/Area Handbook Program sponsored by the
Department of the Army. It presently contains
studies of 85 countries.

http://leweb2.loc.gov/frd/cs/cshome.html

TRAVELING AND WORKING
OVERSEAS - STATE
DEPARTMENT NOTES

Links to State department advice covering just
about everything to do with travelling abroad!

http://www.state.gov/www/services.html

WASHINGTON POST
INTERNATIONAL EXCHANGE
RATES

International exchange rates - updated 5am,
noon and 7pm every trading day.

http://www.washingtonpost.com/wp-stv/
business/longterm/stocks/currency.htm

CDC TRAVEL HEALTH
INFORMATION

Center for Disease Control and Prevention -
what shots to get for which countries! Where
to drink water and where not.

http://www.cdc.gov/travel/travel.html

COUNTRY COMMERCIAL
GUIDES

Guides prepared by the local US Embassy giv-
ing overviews of entire commercial environ-
ments of each overseas territory. Important for
anyone staying overseas for an extended peri-
od of time.

http://www.state.gov/www/about_state/

business/com_guides/index.html

U.S. STATE DEPARTMENT
TRAVEL ADVISORIES

Advisories about travel to countries world-
wide.

http://travel.state.gov/travel warnings.html

Table 1. World Wide Web Resource Directory




B CATEGORY: RESEARCH & INDUSTRY CASE

Planning and Scheduling System
For Distributed, One-Off and
Complex System Projects

Miikka Kotamiki, Helsinki Institute of Physics & CERN, Switzerland
Ari-Pekka Hameri, Helsinki Institute of Physics & CERN, Switzerland

The paper describes an approach and a prototype to build and maintain the schedules needed to manage time,
resources, and progress in a large-scale and globally distributed project. The approach is based on the decom-
position of the project into work packages, which can be each considered as a complete project with its own
structure. The prototype promotes the distribution of the decision making and responsibilities to lower levels
in the organization by providing a state-of-the-art system to formalize the external commitments of the work
packages without limiting their ability to modify their internal schedules to best meet their commitments. The
planned system lets the project management focus on the interfaces between the work packages and alerts the
management immediately if a conflict arises. The proposed system simplifies the planning and management
process and eliminates the need for a large, centralized project management system. The underlying case for
the work is a global collaboration project to construct a complex large-scale particle detection system, which

will be operational by the year 2005 at CERN, Geneva.

Introduction

Large-scale projects with objectives be-
yond conventional solutions make nice
reading (e.g. Morris & Hough, 1987) on
how things get complicated when dis-
tributed and collaborative efforts are
used. The problems related to major
projects are not different from the ones
we confront in any daily project
(Hameri, 1997):

- ignorance of what other project

teams are doing;

- lack of discipline in design
change control;

- diverse views on what are the
objectives (time, costs, quality,
technology) of the project;

- rigid project planning and
scheduling routines, which
results in poor reactivity to
sudden changes in the project
environment;

- unforeseen technological
difficulties.

To put this in perspective a study
of more than 8,000 projects found that
only 16 percent were able to satisfy the
time, budget and specification con-
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straints set for the project (Frame,
1997). Looking more carefully these
problems, one realizes that communi-
cation and sharing information between
collaborative parties is very fundamen-
tal prerequisite for the succgss of all
kinds of projects. The focus of this pa-
per is on planning and scheduling, but
also on integration of this information
with the work and task level descrip-
tions, and how to collect, manage and
share this information.

The underlying case of the arti-
cle is the Compact Muon Solenoid
(CMS) project at the European Labo-
ratory for Particle Physics (CERN).
CMS-project is a large project involv-
ing more 1,800 than researchers, more
than 150 institutes, laboratories and
companies from more than 35 coun-
tries. Each of participating organizations
has its own way of working influenced
by their own standards, (business) cul-
ture and habits. Some are used to plan
and schedule all their work in advance
while some rely more on ad-hoc man-
agement and regard strict planning and
scheduling as something that limits
their creativity and prevents them from

achieving the optimal result. Since the
CMS project will be pushing not only
the limits of scope and performance, but
also of cost and time, it is extremely
important that the project is well
planned and tracked. One should also
note that the project is not only oper-
ating in physically distributed manner,
but also decisions related to funding and
technical details are being made in dis-
tributed manner. The customer of the
project is the research collaboration it-
self, which leaves significant amount of
trust to collaborative and supplying par-
ties of the project.

All major projects need to have
simple and clear guidelines on how the
planning should be performed, who
should do it and when, and how the
plans should be updated, integrated,
verified and disseminated. Independ-
ently of the project there is a need for
smart but simple and easy to use tools
for both the technical managers and the
project management. The scheduling
system of a large and distributed project
must support the effort of having the
decision making at lower levels in the
project organization and to allow the
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groups to use their own internal plan-
ning systems with which they are al-
ready acquainted. This provides the
project management with better focus
on monitoring and controlling larger
entities and the interfaces between
them. Further, the scheduling system
should be able to handle uncertainty
and change in the tasks and relation-
ships among them, and finally, when
implemented it should contain a World
Wide Web interface to make it accessi-
ble throughout the world.

These requirements are familiar
to all scheduling activities. The project
management literature is full of books
and guidelines on how to schedule the
work and how to analyze the time re-
lated task networks. As most of the
large-scale industrial projects are driv-
en by prime contractors, usually by ded-
icated consulting companies, with their
own routines stemming from past
projects, the applied planning and
scheduling means still are somewhat
conventional and base on strict mile-
stone based management with various
means of financial enforcement. The
underlying case may somewhat be a
peculiar one, but it highlights the prob-
lems of distributed management opera-
tions in large-scale projects with inten-
sive design phase and offers a solution
with novel insight and procedures on
how to establish feasible and flexible
planning routines for major projects.

The paper studies and provides a
description of an operational schedul-
ing system for a large-scale project. In
doing this, the paper presents first the
various scheduling and planning levels
identified in the case at hand. Then the
process to build a central coordination
schedule for the project is discussed as
it sets the skeleton for the rest of the
planning and scheduling activities.
Then the procedures for detailed plan-
ning are documented, before the actu-
al management system is treated. Final-
ly, conclusions with implications and
relations to industrial projects are
drawn.

Schedule Levels

In the CMS project, two levels of sched-
ules will be used: The coordination and
the detailed level (Figure 1.). A sepa-
rate coordination schedule is generat-
ed for each subsystem covering the en-
tire duration of the project. A more
compressed view of the coordination
schedules can be compiled by rolling up
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Figure 1. Schedule levels in the case project. Each coordination schedule refers to certain
subsystem of the project.

the coordination level tasks into high-
er level tasks. These rollup schedules
can be consolidated into one "global
schedule", which by definition is not a
driving schedule but provides the
management with a possibility to ana-
lyze, verify and to comment the coher-
ence of the scheduling status of the
whole project. The ultimate driving
dates for the sub-project schedules are
retrieved from the installation schedule,
which is, in principle, at the same level
as the coordination schedules. At the
second level, the work packages are,
when necessary, decomposed into de-
tailed schedules containing detailed
tasks.

The coordination schedules form
the core of the planning and schedul-
ing system since they will be used for
the time and cost management of both
the subprojects and the whole project.
To make this possible, the schedules
must be built complying with the set of
common guidelines. The subproject
managers are responsible for building
the preliminary versions of the coordi-
nation schedules. The general proce-
dure for building a coordination sched-
ule is shown in Figure 2 and is as fol-
lows:

1. Work out the Product Breakdown
Structure (PBS).

2. Build the Work Breakdown
Structure (WBS) by decomposing
the work to be done into work
packages.

3. Schedule the work packages.
Retrieve the driving dates from
project's installation schedule.

4. Let the work package managers
build their respective detailed
schedules, allocate the required
resources and complete the work
package data sheets

5. Refine the coordination schedules
to meet the detailed planning
targets.

The WBS is generated by follow-
ing a specific set of rules and decom-
posing the project into chunks of work
to a level of detail that need planning
and scheduling. The elementary activ-
ity of the coordination schedule is a
work package (WP), i.e. the lowest level
of the work breakdown structure, need-
ed for building the coordination sched-
ules, contains the work packages. The
decomposition of the work into work
packages is the most critical part of the
planning process because it guides the
remainder of the planning activities (see
e.g. Globerson, 1994; Reijniers, 1994).

The base for the WBS is the Prod-
uct Breakdown Structure (PBS) in
which all parts of the final product are
defined (Lewis, 1993). It should be not-
ed that the PBS may not be completely
known in the beginning of the project
and its final form may not be known
until the detailed design phase is over.
The transition from the PBS to the
WBS is done by asking the following
question for each part of the PBS: What
tasks must be accomplished in order to
produce the part? This identification
process can be done by applying the
standard tasks shown in Table 1 for each
part of the Product Breakdown Struc-
ture. In principle, each work package
should be associated with only one part
of the PBS and to only one standard
task. However, to reduce the number
of work packages it is strongly recom-
mended that several standard tasks are
combined to a single one whenever ap-
propriate. Thus, the standard tasks
should be used merely as a checklist to
ensure that no essential task is forgot-
ten.

In the case project each of the



Organization

PBS Sructure

< Assembly

Tasks v Structure

WBS <
Work Packages
Installation >
Schedule v
Coordination >
Schedule

0,

Detailed
Schedules

Figure 2. The process of building and refining the coordination schedules.

eight subprojects produce round 200 -
300 work packages. No work package
is allowed to be a part of another work
package, and the work packages should
be defined in such a way that they cov-
er the whole project i.e. no work may
remain outside them. Also, one should
not confuse the work package and work
package data presented in this context
with the production data acquired dur-
ing the production. The decomposition
into work packages is done only from
the planning and scheduling point of
view. For example, the work packages
are not meant for decomposing a mass
production of parts into production
batches, and then for collecting and
saving the production data of each
batch. A separate system should be used
for that purpose.

One of the main problems is to
decide the level of detail required when
defining the work packages. The same
problem actually arises already when
defining the PBS: What is the level of
detail of PBS needed for building a WBS
of appropriate granularity? As a gener-
al rule, the WBS must be defined in a
way that the sub-project manager can
manage the project. However, although
the sub-project managers are free to
develop their respective WBS accord-
ing to their needs, the common guide-
lines must be followed so that the
project office is able to manage the
project as a whole. Since later changes
of the WBS are allowed, neither the
WBS nor the PBS needs to be final.
During the definition phase only the
highest level standard tasks should be
used as a basis for a work package and
when possible one should combine
them if appropriate. On the other hand,
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the assembly phases often need to be
broken down into several work packag-
es and the use of the second level stand-
ard tasks might then be useful. For many
PBS parts it is sufficient to define only
a single work package containing all the
work needed and thus all the standard
tasks, from design to finished part, with-
out further decomposition. After de-
composing the work into the appropri-
ate level of detail, each work package
should be checked for the following re-
quirements:

1. Each work package has a respon-
sible person (WP leader) or at
least one supplying partner in
charge for the work. This is
extremely important because the
WP leader will be fully accounta-
ble for the cost, schedule and
performance of the work package's
elements.

2. The work package has a delivera-
ble or several deliverables. The
deliverable should also be needed
by another work package, other-
wise the work package is useless. A

deliverable can be on one hand a
physical part, equipment or
system, and on the other hand a
service, plan, specification or an
activity, which is consumed by
some other work package(s).

3. Start and end events should be
clearly defined. Once the start
event has occurred, work may
begin on this work package. The
production of the deliverables will
most likely be the ending event,
which signals the completion of
the work package.

4. Time and cost can be estimated.
The project's time and cost are
mainly managed at work package
level. The first estimates are later
refined to meet the detailed
planning of the work package.

5. The work package is an inde-
pendent unit with its own
independent procedure. This
means that once work has begun it
may continue without need to get
additional input or information
until the activity is complete.

If the defined work packages do
not fulfil the above requirements, they
should be decomposed and checked
again. There may be exceptions with
regard to the last requirement, which
in some cases might be difficult to ful-
fil. Planning system contains a function,
which makes it possible to handle long-
er work packages with intermediate
outputs (deliverables) and intermediate
inputs (receivables). Therefore, the last
item can be considered more as a non-
obligatory requirement.

After decomposing the project
into work packages, the subproject
manager defines the contents of the
work packages. The procedure with
each work package is as follows:

D Design
DC Conceptual Design
DB Basic Design
DD Detailed Design
DR Redesign & Change
Integration

P Prototyping
PD Prototype Design
PC Prototype Procurement
PF Prototype Fabrication
PT Prototype testing &

Reporting

C Tendering & Contracting
CM Market Survey
CT Tendering Process
CV Vendor Evaluation
CF Finance Committee Dossier
CC Contracting Process

F Fabrication & Tooling
FT Toolng
FM Component Manufacturing
FD Delivery

A Assembly & Installation
AO Off-Site (Pre) Assembly
AC At CERN Assembly
Al In-Situ Installation

T Testingand Commissioning
TO Off-Site Testing & Commissioning
TC At CERN Testing & Commissioning
T1 In-Situ Testing & Commissioning

M Management
MC Configuration
MQ Quality
MS Planning & Scheduling
MB Cost Management

Table 1. Standard tasks.
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1. Give a title.

2. Make a short description of its
contents.

3. Issue a unique work package
code in accordance with the
guidelines.

4. Make an estimate of its duration.
Some preliminary detailed plan-
ning might be needed to make a
reliable enough estimate. The
estimate is later refined when the
true detailed planning of the work
package has been done.

5. Identify the responsible person,
the work package manager.

6. Identify the predecessor work
packages. This is needed for
determining the required se-
quence of tasks for the preliminary

schedule.

Detailed planning of the work
packages

The work package manager is fully re-
sponsible for the correct spending,
scheduling and outcome of the work
package. This means that he or she is
also responsible for its detailed planning
and scheduling, which is not only need-
ed to refine and complete the work
package data, but also to enable him or
her to make the external delivery com-
mitments. It serves also as a means to
show the project management that the
work package has all the required re-
sources to complete the work. At the
beginning of the project, details of all
the work packages, some of which will
not start before significant time has
elapsed, are not known. However, a
detailed plan is feasible in the short

Module frames

WP1

Task 1 [}—

Task 2]
Task 3
Task 4 3

g
Task 5

Task 6
Task‘?#:l

term, and as the project proceeds the

details of the rest of the work packages

emerge. To further define the work

packages the following actions are to

taken by the manager:

1. Breaks the work package down
into detailed tasks and builds the
detailed schedule.

2. Estimates the cost, labor and other
resources needed to accomplish
the work package.

3. Defines the required input
products, their deliverers, and the
dates when they are needed.

4. Defines the output products -
intermediate and end results, their
receivers and the dates when they
are available.

5. Completes the work package data
sheet.

The person who is most familiar
with the nature of a specific task should
make, or at least comment and/or ap-
prove, the task duration estimates. Each
separate task should be estimated as
precisely as possible. However, the work
package manager should create a small
"management reserve" line in the work
package plan. This is like contingency
in budgets, but the management reserve
is not money but time. Now, any delay
in the detailed tasks will cause the start
date of this management reserve to slip
proportionately. The management re-
serve can then be used to bring the ac-

WP2

Assembled modules

Gas pipes WP3

tivity back on schedule. The manage-
ment reserve or "risk limitation float"
should be proportional to the estimat-
ed risk of the detailed tasks

The work package manager is re-
sponsible for building and maintaining
the work package's cost and work force
estimates. In the first phase, only the
summaries of these estimates, i.e. the
estimated total cost, work force and
external services are entered into the
work package data sheets. The entries
are not only used for estimating the to-
tal project cost, but also to form the
project's spending and manpower pro-
files.

Each work package should have
a deliverable or several deliverables.
There must be a receiver for each de-
liverable otherwise the deliverable is not
needed. One of the main concerns in
project planning in general is to accom-
plish an agreement on the deliverable
and its delivery time to which both the
deliverer and receiver commit them-
selves. To accomplish this the work
package managers must define not only
the output products and the required
input products of their respective work
packages, but also the receivers and
deliverers and the desired delivery
dates. The datais entered into the work
package management system, which
will be utilized in finding the right re-
ceivers or deliverers and to form the
delivery contracts with them (Figure 3).

For each work package a data
sheet shown in Figure 4 will be filled.
The subproject planning coordinator
fills at least the fields shown in bold al-
ready when building a preliminary co-
ordination schedule. Later, after the
detailed schedule has been compiled,

WP4

Task 2 [
Task 1 [

Task 3
Task]:

A

Task 1
TasEElf
Task 3T
:'ik}lf:;

Task 5

7
Ladders

Figure 3. A simplified example of a network of four work packages. Work package WP1 delivers a product to WP2 and a product to
WP3. Both WP2 and WP3 deliver a product to WP4. The work package managers have created their own detailed schedules.
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the work package manager fills the re-
maining fields and also double-checks
the preliminary values. The work pack-
age data will be entered into the work
package management system through a
World Wide Web interface. The filling
of the work package data sheets might
first seem to be more bureaucratic than
useful. However, one should regard the
work package description as an insur-
ance policy. If for some reason the work
package manager is unable to continue
with the project, how will someone
know the status of the work package,
what has yet to be completed, and how
it is to be completed? If the work pack-
ages gain legal status in the project, i.e.
they serve as official commitment doc-
uments, then they could also be used
as means to pursue compensation in
case of problems.

Work Package and Coordination
Schedule Management

The work packages and the coordina-
tion schedules are managed by a work
package management system. Figure 5
describes the relationships between the
different parties of the project and the
work package management system.
Work package managers use the system
regularly to review and update their
work package data and delivery agree-
ments, thus it always contains the lat-
est information of the work packages
and their scheduling. The system pro-
duces several types of reports for the
project management: Status reports of
the work packages and their input/out-
put contracts, cost calculations, spend-
ing profiles, workforce profiles and spe-
cial zoom schedules containing only a
given set of work packages. The main
planning office and the subproject plan-
ning coordinator analyze the sub-
project's progress and status by import-
ing the scheduling data from the sys-
tem. In principle, only the work pack-
age managers should be allowed to make
changes to the work package data, i.e.
neither the planning office nor the sub-
projects planning coordinators change
the scheduling of the work packages but
communicate the required changes to
work package managers via respective
subproject management.

The work package management
is based on a well-known database and
the system exploits World Wide Web
interface, which provides cross-plat-
form compatibility and access for the
global user community. User authenti-
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WP Title Module assembly

WP Code WP2 | System | Tracker

Responsible Supplying Company

WP manager Mr. Turner

Email turner @supply.com | Telephone | +77779 | Fax | +71234

Scope of work Assembly of 100 modues. Testing of the modules. Packing and delivery to

CERN.

Starting date 15/1/199 | Completion date | 2/4/1999

Predecessor WPs WPL

Risks, Assumptions and

Reserves

Tota Cost of the WP | $$ Cost book 2XX

(USD) reference number

In-house manpower 4 Hired manpower 2

(months) months)

Input products Deliverer Receiver | Deliverer | Date Date Status*

Agree Agreet Needed Availablef
Module Frames WPL Y Y 15/2/1999 | 15/1/1999 | Agredd
Output products Receiver Receiver | Deliverer | Date Date Status*
Agreet Agree Needed* Available

Assembled Modues WP4 Y Y 15/3/1999 | 2/4/199 Date not

Agredd

Figure 4. An example on the contents of the work package data sheet.

cation is applied to maintain security
and prevent violation of vital informa-
tion. The systems scans for loose links
and work packages with deliveries with-
out receivers and vice versa, i.e. follow-
ing problems have been detected:

An interface between work pack-
ages has not been identified or has been
incorrectly identified, i.e. a work pack-
age lacks the required input, or is plan-
ning to deliver something that is not
needed, or the managers of the deliver-
ing and receiving work packages have
not been agreed on the deliverable.

A task is not feasible as planned
requiring changes not only to the work
package, but also to the entire work
breakdown structure.

A task is late delaying the
planned deliveries of the work package.

To prevent such conflicts or at

least to minimize their consequences
the work package managers need to
identify their interfaces between other
work packages. Secondly, the system
allows them to formalize their external
delivery commitments without limiting
their ability to modify their internal
schedules to best meet their delivery
commitments. Thirdly, the system alerts
the project management immediately if
a conflict arises. To accomplish an
agreement on the deliverable of a work
package and its delivery time, to which
both the deliverer and receiver commit
themselves, we adapt a so-called "Rec/
Del" system of the Customer-oriented
Management Information System
(CMIS, 1998). CMIS was developed in
Caltech's Jet Propulsion Laboratory for
managing NASA's Cassini project. The
purpose of the system is to provide us-

d

Work Package Managers

Detailed Schedules

Work package
y

Project Office & Subproject

k.

Management

Status Reports
Spending P rofiles
Schedules

Work Package
Management System
with WWW interface

Other Users

Work package
data

Special Reports

Schedules

MS Project

Coordination Schedules
Master Schedule

, Planning Office

Figure 5. Work package management system and its interfaces.
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ers with interactive capabilities of cre-

ating, monitoring and updating agree-

ments made on the work package de-
liverables and their delivery times. The
system relies on five simple conventions

(CMIS, 1998):

1. All project products have to be
one work package's output
product (deliverable) and anoth-
er's input product (receivable).

2. Once the work package managers
of a delivering work package
(deliverer) and receiving work
package (receiver) reach an
agreement on the need for, and
delivery date of a product, a
contract is formed.

3. Each contract is tracked and
stored in a database.

Contract ID: * Product:

000001 MODULE FRAMES

Current Due Date: * Delivered Date: Basdline Date: * Status: *

15/1/199 15/1/1999 Agread

DELIVERER RECEIVER

WP Code: Agree: | Date Available: WP Code: Agree: Date Needed:

WPL Y 15/1/199 WP2 Y 15/1/199

Contad: Phone: | Email: Contad: Phone: Email:

Jim Smith +77777 | jim.smith@cern.ch Ville Peltonen +77779 ville@hip.fi

Notes: 100 MODULE FRAMES Notes MUST BE ACCORDING TO
SPECIFICATIONS IN CMS-XX-1234.

Figure 6. The data of a product or deliverable form. The fields marked with an asterisk
are automatically filled in by the system. Also the contact information is automatically
copied from the work package data sheets when the work package codes are entered.

Output products Receiver Receiver | Deliverer | Date Date Status*
Agreet Agree Needed* Available

Module Frames WP2 Y Y 15/1/199 | 15/1/199 | Agred

Gas Pipes WP3 Y Y 30/1/199 | 30/1/199 | Agreed

Figure 7. The "input/output products" section of the work package WP1's work

package data sheet. The work package does not have any input products registered. The
output products are visible as input products in their receivers' work package data sheets

(see Figs. 4 and 8).

Input products Deliverer Receiver | Deliverer | Date Date Status*
Agree Agreet Needed Available

Gas Pipes WPL Y Y 30/1/199 | 30/1/199 | Agreed

Output products Receiver Receiver | Deliverer | Date Date Status*
Agreet Agree N eeded® Available

Ladders WP4 Y Y 1/3/1999 1/3/199 Agread

Figure 8. The input/output products of the work package WP3 as seen in its work
package data sheet. The WP1's output "Gas Pipes" is here visible as an input product.

Input products Deliverer Receiver | Deliverer | Date Date Status*
Agree Agreet Needed Avail abl e
Assembled Modules WP2 Y Y 2/4/199 15/3/199 | Date not
Agread
Ladders WP3 Y Y 1/3/1999 1/3/199 Agread
Output products Receiver Receiver | Deliverer | Date Date Status*
Agreet Agree Nesdedt Available
Assembled Ladders WPS N Y 15/5/1991 | Product
not Agread

Figure 9. The input/output products of WP4. The output products of WP2 and WP3
are here visible as input products. "Assembled Modules" are needed earlier than
suggested by their deliverer. The planned receiver of the "Assembled Ladders" (WP5)
has not agreed on the product, i.e. the work package managers have different ideas of
the product and thus they should discuss and find an agreement.
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4. Only the receiver can decide
whether a product delivery has
been successfully completed.

5. Any person of the project is able
to determine a product's (con-
tract's) status at any given time
through WWW.

The work package manager de-
fines the input and output products,
their deliverers and receivers, and the
proposed delivery dates by filling out the
respective fields of the work package
data sheet shown in Figure 4. The oth-
er party (the deliverer of an input prod-
uct or the receiver of an output prod-
uct) is then automatically notified of a
new product, which is then visible also
in his work package data sheet. He then
decides whether he agrees or not on the
proposed product and dates, and fills the
respective fields in his own work pack-
age data sheet. He can also jump to the
product form (Figure 6), which contains
the complete data of the product or
deliverable in general, and make the
modifications there. The receivers can
change only the receiver part of the
form while deliverers can change only
the deliverer part.

In Figure 4 the fields marked with
an asterisk are automatically retrieved
from the other party's work package
data and cannot be modified here. The
input/output product names contain
URL links to the corresponding prod-
uct forms. Similarly the work package
codes of the deliverers and receivers
contain URL links to their respective
work package data sheets.

A product may have one of the
following statuses:

- Product not agreed. Either the
receiver or deliverer disagrees
on a product's existence or
description

- Date not agreed. The receiver
and deliverer disagree on the
delivery date.

- Agreed. The receiver and
deliverer agree both on the
product and the delivery date.

Once the status is changed to
'Agreed' the product form is considered
as an agreement between the deliverer
and the receiver. If one party changes
an agreement the change must be re-
viewed and accepted by the other par-
ty. All changes to a once agreed deliv-
ery date are tracked by the system to
measure the performance of the plan.
Figures 7 - 9 show the input and output



fields of the imaginary work packages
presented in Figure 3. The correspond-
ing fields of the work package WP2 are
shown in the work package data sheet
in Figure 4.

The system generates automatic
messages to remind the users of the de-
liveries due in a specified time. When
the due date has passed, the receivers
are automatically contacted for con-
firming the reception of the planned
receivables. The completion status of
the product is thus one of the follow-
ings:

- Under work. The agreed
delivery date has not yet passed.

- Received. Product received and
the contract thus completed.

- Missing delivery. Product not
received or did not meet the
specifications.

- Missing status. The receiver
has failed to confirm the
delivery as "received" or "miss-
ing delivery".

The system will regularly produce
reports containing the list of products
with "Missing Status" or "Missing De-
livery" to give the project management
an immediate warning of possible prob-
lems. The system acts as a tool for dele-
gating decision making and responsibil-
ities to lower levels in the organization,
thus allowing management to focus on
monitoring and controlling of the in-
terfaces between work packages rather
than on individual work packages.
However, in the installation phase, the
system may prove less useful because the
different phases are much more coupled
and dependent on the same resources,
such as space, cranes and other tools.

Conclusions

The paper has described the structure
of the planning and scheduling system
for the CMS project. The system main-
ly relies on procedures generally used
in the management of large-scale
projects. However, it also contains some
recently developed and innovative, but
less known, features to distribute the
decision making and responsibilities to
lower levels in the organization. It pro-
vides effective tools for managing the
interfaces between the activities of a
large-scale distributed project, and thus
simplifies the planning and manage-
ment process and eliminates the need
for a large, centralized project manage-
ment system. The system is more appli-
cable to the construction phases of the
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subprojects than for the installation
phase of the project, which requires a
more centralized planning.

Final conclusions on the applica-
bility of the distributed work package
management approach are too early to
be documented as the prototype is
about to enter production use. Yet, the
results from the piloting have been en-
couraging and sets the future prospects
high. The intuitive nature of managing
work packages through their natural
links via the deliverables to be produced
has been accepted. As the underlying
project is globally distributed the natu-
ral medium to manage the information
is World Wide Web (WWW), which
makes the system accessibly through
various platforms. As the WWW is
based on links the basic routine to man-
age the work packages exists inherent-
ly in the system, yet the connection
with proper data bases have been built
to provide adequate storage and search
facilities.

From the industrial point of view
the case presented sets an interesting
approach for projects which have not
been repeated earlier, i.e. they are cus-
tomized, complex, large-scale, distrib-
uted and one-off. Apart from projects
aiming to construct massive and highly
sophisticated scientific instruments, the
major infrastructure works and new
product development projects are most
likely the ones that could benefit the
approach or parts of it. Also the applied
procedure with its self-organizing na-
ture to connect work packages provides
the management with a mean to ana-
lyze the interrelationships among vari-
ous partners and this way to improve
the lead-time of the project by pin-
pointing concurrent and parallel tasks
more easily.
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B CATEGORY: SUMMARY ON PROJECT BENCHMARKING

International Research Project

PM-Benchmarking:
Benchmarking of The PM-Process

Roland Gareis, University of Economics and Business Administration, Vienna, Austria
Martina Huemann, University of Economics and Business Administration, Vienna, Austria

If project management is perceived as core competence of the project-oriented company, project management-
competence (pm-competence) has to be continuously improved. Within the Research Program: Best PM-
Practice a process-oriented project management-approach is developed. Project management can be perceived
as a business process consisting of the sub-processes project start, project controlling, and project close-down.
The quality of these processes can be described and deliverables can be measured. Project management-bench-
marking is applied as an instrument of the further development of the pm-competence. This paper summarises
results of previous projects within the Research Program: Best PM-Practice and introduces the International
Research Project: PM-Benchmarking,

Introduction

Since April 1996 the Projektmanage-
ment Factory at the University of Eco-
nomics and Business Administration,
Vienna and Projekt Management Aus-
tria, the Austrian Project Management
Association representing Austria in the
International Project Management As-
sociation (IPMA) have performed the
Research Program: Best PM-Practice.

marking was performed in 1997 and
1998 with the following companies:
Asea Brown Boveri AG, Austrian En-
ergy GmbH, CA-IT GmbH, Digital
Equipment Osterreich AG, Fachhoch-
schul-Studienginge Vorarlberg, Inter-
unfall Versicherung AG, Trodat Werke
Walter Just GmbH & Co KG, Unisys
Osterreich GmbH, Voest-Alpine Indus-
trieanlagenbau GmbH.

Research Program:
Best PM Practice

|

I |

Benchmarking

Project: PM-
Benchmarking

Pilot Project: Project:
Project Start PM-Benchmarking

International Research
Book-Publication

Figure 1. Structure of the Research Program: Best PM Practice

The objective of this research
program is the development of a proc-
ess-oriented project management ap-
proach. In a pilot-project a model to
benchmark the project start process was
developed. Considering the experience
gained in this project, the project con-
trolling and the project close-down
process were developed. The bench-
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Objectives and Structures of the

International Research Project:
PM-Benchmarking

The objectives of the International Re-
search Project: PM-Benchmarking
which was launched in March 1998, are
the benchmarking of the pm-processes
of the benchmarking-partners, empha-

sising the project start, project control-
ling and the project close-down proc-
ess. The pm-competence of the bench-
marking-partners is compared with the
"Best PM Theory". This will contribute
to the further development of the pm-
competence of the benchmarking-part-
ners as the methods and tools applied
support organisational learning of
benchmarking-partners. Moreover the
process-oriented pm-approach is fur-
ther developed and an international
data-base of pm-competence is estab-
lished.

As benchmarking partners
project oriented companies or business
units from all industries and from pub-
lic administrations interested in the fur-
ther development of their pm-compe-
tence are invited. In order to make
benchmarking-results more evident,
systems with the greatest homogenous
pm-culture are defined. In the case of
huge enterprises only a restricted busi-
ness unit is considered. When dealing
with benchmarking-partners with a
homogenous pm-culture the whole en-
terprise is studied.

Benefits for the benchmarking-
partners are the improvement of the
competitive advantage by further devel-
oping the pm-process, learning about
the process-oriented pm-approach, the



2) How often does the project controlling process take place?
(Please complete all boxes.)

always = 1 often =2 sometimes = 3 seldom =4 never =5

medium
complexity

high
complexity

Every 3 weeks

(390/391)

Every 6 weeks

(392/393)

Every 8 weeks

(394/395)

If required

(396/397)

Other (please add: ..

..................... ) G40

(398/399)

Figure 3. Example of the benchmarking-questionnaire

"Best Theory" and application of the
systemic-constructivistic research ap-
proach. The benchmarking-partners
receive feedback to their pm-documen-
tation and can cooperate with leading
project-oriented companies in the
benchmarking-week.

The cooperation is organized in
different team structures as shown in
the project organization chart Figure 2.
The role of the project manager is the
overall project coordination and mod-
eration of the pm-benchmarking weeks.
The benchmarking-team is responsible
for the development of the pm-bench-
marking tool, the analysis of the pm-
documentations of the benchmarking-
partners, the evaluation of the bench-
marking results and the preparation of
benchmarking reports. Each bench-
marking-partner is represented by 2-4
pm-experts (owner of the pm process,

Roject Owner

project office manager, senior project
managet, ...). The benchmarking-part-
ners provide pm-documentation and
participate in the benchmarking-week
and reflect the benchmarking-results.

The project manager, the bench-
marking team and one coordinator of
each benchmarking-partner form the
project team to coordinate the overall
project. The communication in the
project team is organized in workshops
and is supported by e-mail and tele-con-
ferencing.

Research Approach, Working
Methods and Tools Applied

The research approach applied focus-
es on the perception of projects as so-
cial systems. The social system theory
implies the use of qualitative research
methods, such as documentation anal-
yses, self-assessments, workshops, and

Roject Manager

BM Partrer Z

Prgec Organizaion

reflecting team work. (Projektmanage-
ment Factory, 1997; Projektmanage-
ment Factory, 1998). The focus is on
the generation of hypotheses regarding
the performance of the pm-process and
their interpretation rather than on hy-
potheses testing. The validity criterion
for constructions of reality and there-
fore also for scientific models is "viabil-
ity". It can not be the extent up to which
the model matches reality as the latter
can not be perceived entirely. Viability
does not mean "true" or "false", but com-
prises the explanatory and prognostical
potential for the research question it-
self and the potential for further devel-
opment in the sense of new questions
or application in other research areas.
Viability itself is also a social construc-
tion. The validation of scientific mod-
els is a matter of consensus within the
scientific community. Research there-

Figure 2. Project organization chart of the International Research Project: PM-Benchmarking
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Internal project
assignment

Preparation
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communication
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Planning of
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Performance Follow Up
of start

communication

communication
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first work

packages

PM docu
: " Project Start"
distributed

Figure 4. Structure of the project start process

fore requires the exchange within the
scientific community.

While traditional benchmarking-
approaches tend to neglect the possi-
bility of an open mutual learning of or-
ganisations, the benchmarking-ap-
proach applied tries to support the or-
ganisational learning attempt by using
interactive methods and different team
structures (Huemann, Winkler 1998).
Only working forms that support com-
munication of the collective support
organisational learning. Senge (1994)
states "Unless teams can learn, organi-
sations cannot learn". For data collec-
tion and analysis qualitative research
methods are applied. Central tool is a
questionnaire, containing measurement
criteria for the results and the design of
the pm- processes.

The questionnaire serves as the
basis for the self-assessment of the
benchmarking-partners. The self-assess-
ment is observed by the researchers us-
ing the reflecting team method. Further
information is gained in analysis of
project management documentation
and participating observation. In work-
shops the pm-practices of all bench-
marking-partners are compared with
each other and reflected according to
the "Best Theory".

Process-oriented Project
Management
If project management is considered as
core competence of project-oriented
companies, it has to continuously im-
proved. Project management can be
perceived as a business process, consist-
ing of the sub-processes: project start,
project controlling, project close-down.
The quality of these pm-sub-processes
can be described, resulting outputs can
be identified. Thus pm-quality can be
measured! Further more project phase
transfer, project crises resolution may be
part of the pm-process.

Following the project start proc-
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ess is described as an example. The
project start has to be planned, start-
communication, such as kick-off meet-
ings, start workshops with the project
team and with the project owner, have
to be prepared and performed, the
project plans have to be documented
and distributed.

In the project start process follow-
ing objectives are pursued: The project
is established as a social system, a com-
mon "Big Project Picture" is construct-
ed. The know-how from the pre-project
phase has to be transferred to the
project. Adequate project plans and
adequate project organisation have to
be designed. The project team is estab-
lished and adequate project culture is
developed. Project objectives are agreed
on. A project management documen-
tation is drawn up. First project market-
ing activities are planned and per-
formed. Finally, an efficient perform-
ance of the project start process should
be ensured.

The design of the project start
process determines the results. Those
have an impact of the project results
and in further consequence the benefit
caused by the investment initiated by
the project. The design of the project
start process depends on the complexi-
ty of the project and not on the type of
the project or the industry of the con-
sidered project-oriented company.

The "Best Theory" in Project
Management

To make the project management of
different project types like contracting
projects, engineering projects, [T-
projects, organisational development
projects, marketing projects, compara-
ble, it was agreed to use complexity as
category. The benchmarking-partners
were asked to consider two categories
of complexity (medium and high com-
plexity). Criteria used for constructing
complexity from the researchers' point

of view are: strategic relevance, inter-
dependency and variety of work pack-
ages, dimensions (costs, duration),
openness of results, relations to envi-
ronment and risk of acceptance.

How a project is perceived in a
company, whether it bears medium
complexity or high complexity influ-
ences project management, for in-
stance, the use of project management
tools, the selection of the project man-
ager, communication forms of the start-
process. But as complexity is a matter
of construction, it might be perceived
differently from company to company.
In order to make evident how the vari-
ous benchmarking-partners preceive
complexity, they are asked to describe
typical external and internal projects of
their enterprises with medium and high
complexity and name their basic crite-
ria of complexity.

To offer the benchmarking-part-
ners a benchmark to compare with, the
"Best Theory" for performing project
management processes was developed.
The "Best Theory" is a construction cre-
ated in a communication process of the
participating researchers. On the one
hand findings from literature and on the
other hand project management and
consulting experience were considered.
Objects of consideration were all possi-
ble types of projects, a differentiation in
projects of medium and high complexi-
ty was made. The Best Theory distin-
guishes in must criteria, can criteria and
absolute no-no criteria.

Exemplary Results of the
Research Program: Best PM-
Practice

The International Research Project:
PM-Benchmarking can build up on re-
sults and experience gained in previous
benchmarking projects carried out
within the Research Program: Best PM-
Practice. The evaluation was carried
out following the structure of the
benchmarking-questionnaire. In the
evaluation of benchmarking results, in-
terpretations regarding each bench-
marking-partner as well as interpreta-
tions regarding the industry are made.
The interpretations according to indus-
try only consider the benchmarking-
partners and do not make a valid state-
ment about the whole industry.
Following the evaluation of three
questions considering projects of high
complexity are described briefly, (Pro-
jektmanagement Factory, 1997; Pro-
jektmanagement Factory, 1998).



Question: Which documents of the
project organisation are results of the
project start process?

- The internal project assignment
is almost always a result of the
project start process. The
frequency of preparing docu-
ments of the project organiza-
tion increases according to
project complexity.

fa
2
=
g
m

Project organization chart

Description of project roles

- Project organization chart,
description of project roles,

responsibility matrix are partly Projectrel. incentive systems
not drawn up in the start [Projectrel. personnel develop.
process, but standards written
down in the pm-guidelines are Average m:H
used. 191 24 15| 30 211 28] 36l 36| 26

- Benchmarking-partners from Practice Best Theory
the constructing and IT- ! dways (1) @wdom @ must
industry more often prepare often (2) never (5) can
documents of the project sometimes (3) no answer No-No | Ne

organization. The frequency of
preparing documents of the
project organization depends
primary on the pm-culture of

Figure 5. Exemplary result of the project start process (project organisation)
the enterprise.

Question: Which project planning
documents result from the start
process?

Which project planning documents result from the start-process?
- Considering projects of high

complexity the listed plans are Al ol <l ol of ol o g
on average often (2,3) results of sl sl 5| 5l 5l 5| 5| 5 =2 £
the project start process of the ElE| E| E| E| &l 5| & g g
benchmarking-partners. Consid- o I e e e el < i
ering projects of medium Project object structure
complexity the listed methods Work break down structure
are on average sometimes (2,8) Work package specifikations
used. Project mile stone list
- Some methods (project mile Project list of dates
stone list, project list of dates, Project gantt chart
project gantt chart, project cost CPM diagram
plan) are used "always" to Project ressource plan
"often" (1,5 - 2,0) by all compa- Project cost plan
nies where as other "softer" Project finance analysis
planning methods (project Project cost-benefit-analysis
scenario analysis, CPM dia- Project risk analysis
gram) are "sometimes" to Project environment analysis
"never" applied. COHSiderng Project scenario analysis
projects of high complexity
there are deficits in the applica- Average
tion of "soft" planning methods 1,3| 2.6| 2,1] 1,7] 2,2| 3.0] 3,5| 2,1
in comparison to the "Best
Theory". Practice Best Theory
- Benchmarking-partners from always (1) seldom (4) must
the constructing industry often (2) never (5) can
generally apply more methods sometimes (3) no answer No-No |NO

in comparison to other indus-
tries, especially in comparison

with service industry. Figure 6. Exemplary result project start process (planning documents)
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mendays

Partner 1

Partner 2

Best Theory

Figure 7. Exemplary result project controlling process

Question: How long does the project
controlling process take?

The differences to the "Best The-
ory" can be caused by a different under-
standing of the project controlling. It is
argued that there should be more team
work in the controlling process while
the benchmarking-partners do not have
such a high involvement of personnel
relying almost only on technical sup-
port possibilities.

Summary of Central Findings

Following summary of the most
significant findings provides an over-
view of the benchmarking-results of the
research (Projektmanagement Factory,
1997, Projektmanagement Factory
1998).

Findings Regarding the Project Start

Process

- Regarding project planning
methods, the benchmarking-
partners primary use methods for
project cost planning and project
time planning (gantt chart).
Project environment analysis and
scenario analyses are seldom used.
In projects with a high project
complexity there are partly deficits
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to the "Best Theory", which
recommends the use of "soft"
planning methods.

Regarding the project culture, the
benchmarking-partners concen-
trate on the use of a project name.
Social events and a project logo is
more often used in projects with
high complexity, but not often
enough compared to the require-
ments of the "Best Theory".
Explicit project marketing is only
very seldom performed by the
benchmarking-partners. The tools
are often limited to informal
communication or the use of
standardised communication
structures. "Creative" tools such as
project presentations or project
exhibitions are seldom used. The
project marketing activities are
primary addressed to internal
target groups and customers.

As forms of communication in the
project start process primary single
meetings and kick-off meetings are
organised. Workshops for develop-
ing a "Big Project Picture" are in
projects with medium complexity
rather exceptions.

Findings Regarding the Project

Controlling Process

- The benchmarking-partners
primary collect time and cost
related data for the project
controlling, while social data
(project culture or relations in the
project team) are seldom consid-
ered.

- The project owner is integrated in
the project controlling process.
Objectives are agreed on with him,
he entrusts the project team with
the project controlling process.
The role "project owner" will gain
further importance in the bench-
marking-partners' companies in
the near future.

- Documents concerning objective,
performance, time, resource and
cost planning are very often
adapted in the project controlling
process, while documents for
designing the project organisation
are rarely adapted in the project
controlling process. An exception
is the project handbook, which is
always adapted.

- The communication and the
collection of the data in the



project controlling process are
mainly organised in single work
forms. Team work enriches
communication only from time to
time.

Findings Regarding the Project Close-
down Process

- Assessment of the project team
members and the project owner is
mainly made by feedback of
hierarchically higher ranked
persons or it is not made at all.

- The emotional project close-down
is always performed as a social
event (e.g. close-down-dinner),
even in projects with medium
complexity.

- A final project report is always
drawn up and in most cases
adapted for different target groups.
The final project report is kept
short but enclosures and reports of
the project contents are often

added to.

Relationship between the Project
Management Sub-Processes

Based on the evaluation of the ques-
tionnaire following findings concerning
the relationship between the project
start, project controlling and project
close-down were perceived:

- Investments in the project start
process have to be perceived as
investments in the whole project!
A higher expense and use of
capital and resources in the
project start process to draw up
the documents for project plan-
ning and organisation create
benefits for an efficient perform-
ance of the other project manage-
ment processes. E.g. if a detailed
project environment analysis is
result of the project start process,
it can be well used in the project
controlling and the project close-
down process.

- The results of the project start
process are the basis for the
project controlling and the project
close-down process. The project
start process can therefore be
perceived as the most important
process concerning the impact on
the further performance of the
project.

- In the project start process a
conscious differentiation between
projects of medium and high
complexity is made. Here the

Project Management 1/98

differentiation is made by the
different use of the methods or the
use of different methods.

Conclusion

Within the Research Program: "Best
PM-Practice" the Projektmanagement
Factory of the University of Economics
and Business Administration Vienna
and Projekt Management Austria have
developed a process-oriented pm-ap-
proach. The pm-process consists of fol-
lowing sub-processes: Project start proc-
ess, project controlling and project
close-down process. These sub-process-
es are seen as interrelated, whereby the
start process can be perceived as the
most important one. By defining the
deliverables of the pm-process, pm be-
comes measurable and thus the pm-
competence of the benchmarking-part-
ners can be further developed.

Organizational learning of the
benchmarking-partners is supported by
using interactive methods, by building
win-win situations for the benchmark-
ing-partners to give mutual learning
chances and by providing a theoretical
input, which is called "Best Theory".

The difference to the "Best The-
ory" can be perceived clearest in the
project start process. The project con-
trolling process is often performed by
the benchmarking-partners following
the "Best Theory", in the project close-
down process again more differences are
visible.

Further benchmarking projects
are planned to further improve the
process-oriented pm-approach and to
develop a pm-competence model.
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The focus of project management is analysed. The basic lead is a principle of management by results. The
simple idea of managing the few basic results by updating forecasts is emphasised. The term technical result of
a project is defined in a novel way to conform to project product. The customer requirements specified in a
contract are a simple result-oriented notification of the basic goals for the project to aim at.

Project management should be a future-oriented and proactive way of planning, controlling and forecasting of
the technical results of the project and to deal with time and costs as framework and constraints within which
the technical result needs to be achieved.

A power plant project case is analysed where the presented principles of project management practices have

been used with good results.

Introduction

The purpose of this article is to analyse
and clarify what project management
should focus on. The basic lead is a prin-
ciple of management by results. The
simple idea of managing the few basic
results by updating forecasts is empha-
sised. Further, corresponding principles
with good results in case of a major
Finnish power plant project is intro-
duced, highlighting problems and de-
velopment needs with current project
management practices that are in ac-
cordance with the suggested line.

Over the about last ten years re-
markable progress in developing the
project management practice has been
made by producing quality guidelines
(ISO, IEC, BS), by elaborating relevant
knowledge areas by project manage-
ment organisations (PMI, AIPM,
[PMA, APM) and not the least by pro-
ducing vast number of articles in vari-
ous magazines specialised in both the-
ory and practical cases of project man-
agement.

The authors of this article don't
want to underestimate the potential
impact of many interesting extensions
and modifications of the project man-
agement discipline, but on the other
hand the authors require a search for a
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plain and simplified methodology stick-
ing to forecasting and managing the end
results of a project. On the background
of this suggestions is the authors' feel-
ing based on their experience that
project management standards (e.g.
PMBOK 1996, ISO 10006, 1997) or
project managers' certification bases
(e.g. PMAF 1997, APM 1996) repre-
sent a risk that:

- A newcomer faces a major
problem in trying to find the
clue in project management.
Processes emphasised from
various viewpoints seem to hide
the clue that only the results in
the end matter,

- A less experienced project
manager may also lose the clue
by managing his or her project
with a set of processes not
pertinent to the required
results. We have to remember
that a project always represents
a change in the organisational
structure despite whether the
structure of the originating
organisation was project
oriented or traditional line
organisation. A project manager
needs to find clarity in the
jungle of various organisational

views; management processes
and result requirements both
those of the originating and the
project organisation. Should the
project manager be unable to
guide his or her project onto the
right track in the very beginning
then it mostly turns out to be
fatal in respect of the outturn
results.

Another classic solution also ex-
ists to the above problem; to find the
right path in a jungle, find out what the
customer requirements are. Mostly, the
contract contains rather clear require-
ments to what needs to be accom-
plished; scope and the relevant specifi-
cation with quality and performance
requirements, allowable costs and time
frame. This applies also to company in-
ternal projects and makes also the point
that you should have a contract with
your internal customer although the
company tradition or current practice
did not require it. The contract is al-
ways a simple result-oriented notifica-
tion of the basic goals where to aim at.
Focusing on results by using the con-
tract as a yardstick enables laying a
glimpse to the future with a strong em-
phasis on customer orientation inher-
ent. The target defined by the contract



may then be used as a basis where con-
tinuously produced forecasts during the
project life cycle can be compared to.

A review is needed about the cur-
rent status of the management processes
and techniques in respect of whether
they overcome the hurdle; forecasting
the outturn result and management by
end results and are thereafter qualified
for long term use. Also ISO 10006
(1997) lack proper emphasis on this
requirement.

Focus on Results to be Achived

The new international standard ISO
10006 (1997), Quality Management -
Guidelines to Quality in Project Man-
agement, defines a project as an
"Unique process, consisting of a set of
co-ordinated activities with start and
finish dates, undertaken to achieve an
objective conforming to specific re-
quirements, including the constrains of
time, cost and resources". Further the
standard defines that "Project manage-
ment includes the planning organising,
monitoring and controlling of all as-
pects of the project in a continuous
process to achieve its objectives".

The project product is in the
standard defined as "That, which is de-
fined in the project product scope and
delivered to the customer". The scope-
related processes are:

- concept development

- scope development and control
- activity definition
- activity control

In ISO 10006 the ultimate result
of the project, i.e. the project product
is managed by procedures called devel-
opment and control of the scope. It is
said that "the characteristics of the
project product should be identified and
documented as completely as possible
in measurable terms for use as the basis
for design and development".

The standard presents ten groups
of project management processes that
corresponds to the knowledge areas of
other presentations of the overall con-
text of project management such as that
of Intercert International, Association
for Project Management APM in UK
and Project Management Institute PMI
in USA. Planning and controlling are
emphasised in the processes, all of
which, in general terms, focus on the
review on the present status of the
project and the conformity with the
plan in terms of time, cost and scope.
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In general, the project management lit-
erature describes the project manage-
ment in a similar way.

The authors' opinion - based on
practical experience in project manage-
ment - is that a key core process struc-
ture of project management should
rather be the more future-oriented and
proactive way of planning, controlling
and forecasting of the technical results
of the project and to deal with time and
costs as framework and constraints
within which the technical result needs
to be achieved.

TecHNICAL RESULT

Definition of a New Concept of
Technical Result

The importance of managing by the end
result or objectives related to the project
end product were emphasised above.
We define the term technical result of
a project to conform to project prod-
uct. The technical result is determined
by the scope of supply, the product qual-
ity and the product performance. The
quality includes the conformity of the
product with the requirements of envi-
ronment, safety, availability and main-
tainability.

Project Technical Result
Objective

The ultimate results of the project on
the finish date when time and cost are
known are covered by the objectives
within the technical result. These re-
quirements are (see Figure 1): scope of
supply, product quality and product
performance. The final quantitative
scope of supply is usually described in
the as-built documents. Product quali-
ty includes the conformity of the prod-
uct with the requirements of environ-
ment, safety, availability and maintain-
ability. The performance of the prod-
uct is usually of primary interest of the
customer. The performance will be

Quality Performance

Technical

Result

Scope

Figure 1. The technical result: scope,
quality and performance

measurable at the end of or after the fin-
ish date of the project. The ultimate
technical result should be of primary
importance in the project management
processes of planning controlling and
forecasting during the execution of the
project and the forecasting should be
emphasised.

As a new concept of technical
result was introduced and defined
above, it is obvious that the new con-
cept and related management proce-
dures may get intermixed with some
other resembling and well-known, but
still different concepts and methodolo-
gies. According to the authors' opinion
it is worth noting that the term config-
uration management should not be used
for planning, controlling and forecast-
ing the technical result. The use of con-
figuration management in this context
would be misleading, because the term
configuration management in general
refers to management practices related
to change control of technical or other
specifications combined with documen-
tation control practices. For definition
of configuration management, the in-
terested reader is advised to consult e.g.
Turner 1993, Archibald 1992, Cleland
1994, Dinsmore 1993, Kerzner 1995,
Kezsbom, Schilling, Edward 1988, Mor-
ris 1994 and the basic documents such
as US Air Force Systems Command
Manuals AFSCM 375-1 1965.

Project Constrained Objectives

The project management and the
project objectives to be achieved are il-
lustrated by the technical result of Fig-
ure 1 supplemented by another core tri-
angle: constrained objectives triangle,
Figure 2.

Resources

Constrained

Objectives

Cost

Figure 2. The constrained
objectives: time, cost and resources

The time, costs and resources
objectives are considered as constraints
in project management standards (e.g.
ISO 10006). The time objective is typ-

ically present as a time window, the start
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and finish dates of the project or even
as a target subjected to penalties. The
cost objective might also be present as
a maximum acceptable cost limit. Then
the forecasting tasks concerning the
constrained objectives - i.e., time, cost
and resources - will be to fulfil the
boundary conditions of time and cost
by using the right amounts and quality
of different resources. Essential for the
reliability of forecasting the constrained
objectives is the quality of the project
management processes.

The general empirical experience
and experienced cases of several real-
life projects are in the background of the
above-introduced concept of the objec-
tives and how they should be interpret-
ed and used in project management.
The proposed concepts and principles
are first analysed from a theoretical per-
spective in the following. Then, a case
project is later analysed to show the
applicability of the concept and to shed
light to the suggested principle of man-
aging the technical result. Further, the
aspect of simultaneously managing of
the constrained objectives is discussed.

Technical Result and
Constrained Objectives in
Relation to Existing Theory

The overall construction of project ob-
jectives introduced in Figures 1 and 2
are analysed in the following by com-
paring it to how project objectives are
outlined in existing basic literature.
Kertzner (1995, pp. 5-6) states
that project management is designed to
manage or control company resources
on a given activity, within time, within
cost, and within performance. Time,
cost, and performance are the con-
straints of the project. If the project is
to be accomplished for an outside cus-
tomet, then the project has a fourth
constraint: good customer relations.
Kertzner focuses on the control of the
company resources. The interesting
concept in Kertzner's terminology is
performance, which is not specified fur-
ther in the context of the discussion,
referred to. As Kertzner raises the term
'technology' while discussing perform-
ance, it is obvious that Kertzner might
include aspects of project end product
characteristics to what he calls 'per-
formance'. In such case, Kertzner's per-
formance might include some aspects
of our concept of technical result ana-
lysed in Figure 1. However, it is obvious
that Kertzner's performance includes
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aspects of efficacy of project work as
well. We would like to conclude that
the presentation is not clear in respect
to our framework of project objectives
in Figures 1 and 2. However, Kertzner's
way of defining constraints differently
brings the managerial focus on project
process - Or managing company resourc-
es - to a focal point, whereas our focus
in defining the project objectives and
project management rather emphasised
the technical result as the end state. In
our model own company's and partner's
resources are utilised by the project
along with the other constraints of cost
and time to achieve the final technical
result.

Turner (1993, p. 11) argues that
project management is based on man-
aging five project objectives. The five
objectives are scope, organisation, qual-
ity, cost and time. Turner states also that
the traditional approach focuses on the
quality, cost and time objectives, which
are traded against each other to achieve
the optimal outcome. Turner illustrates
the interrelation of the five objectives
with a pyramid with organisation as the
object which integrates the four other
objects of scope, quality, cost and time.
Turner (1993, p. 8) defines project as
"an endeavour in which human, mate-
rial and financial resources are organ-
ised in a novel way, to undertake the
unique scope of work, of given specifi-
cation, within constraints of cost and
time, so as to achieve beneficial change
defined by quantitative and qualitative
objectives". We agree with the defini-
tion of constraints of time and cost.
However, the interesting point to ana-
lyse is to compare Turner's definition of
the scope and quality objectives in re-
lation to our 'technical result'. Turner's
'scope’ clearly includes aspects of the
'scope of work' and 'technical scope de-
fined in the specification'. The latter
relates to our 'technical result' concept,
but our overall objectives model deter-
mined by Figures 1 and 2 assumes not
'scope of work' (project process) being
any separately defined objective. Turn-
er's 'quality' refers on the other hand to
technical scope (the quality of the
project product), which is included in
our technical result concept, but on the
other hand Turner's quality refers also
to scope of work (project process). Al-
though we consider project process of
how the work is done important, this
aspect of quality is not included as a
separate objective in the model of over-

all objectives. The project process with
all quality aspects inherent is assumed
to be included in the constrained ob-
jectives side.

Finally, Turner (1993, p. 11)
states that "the term performance is
sometimes used to cover scope and
quality" which refers to the fact that the
technical result and project work is in-
termixed and defined jointly under
same objectives without disseminating
apart these objectives that clearly are
of different nature. This controversy
could be noticed also from Kertzner's
definition discussed above. We argue
that the 'technical result' concept is jus-
tified as it is important to separate these
different end product and work related
concepts in project objectives. Our so-
lution is to present the work related
concept in the constrained objectives
side of project objectives. Further, with
the 'technical result' more result-orient-
ed implications can be conveyed to
project management practices than in
the scheme where the project work is
intermixed with the result.

The technical result oriented
project management is supported by the
recent studies of Jaafari (1998) and Jor-
danger (1998). Both authors criticise
managing the project by traditional ob-
jectives of time, cost, and quality. Jaa-
fari suggests a proactive project manage-
ment approach for today's commercial
environment. The approach is based on
having life cycle objective functions in
management. Examples of such objec-
tives are net present value and total life
cycle cost (LCC). Jaafari suggests an
application based on a managing of the
project scope or configuration by terms
of functions, properties, and interde-
pendencies. Jordanger's suggestion for
a project management practice also
emphasises life cycle perspective, sug-
gesting that net present value be used
as a yardstick. Further, Jordanger's study
puts customer's value chain in a cen-
tral position with a priority in the oper-
ation phase and life cycle cost of the
project product. The conclusion drawn
here is that both Jaafari's and Jordan-
ger's life cycle aspect and customer's
value chain aspect are reflections of the
technical result. The economic meas-
ures of life cycle cost (LCC) and net
present value reflect in economic terms
what can be gained with aiming at and
producing an appropriate technical re-
sult by the project.



ImrLICATIONS TO PROJECT

MANAGEMENT

It was suggested above that primarily
the technical result should dictate and
boost proactive and future-oriented
management principles and the con-
strained objectives should be considered
as framework in this scheme. The im-
plications and aspects of applying such
management principle are analysed in
the following.

Project Management Institute's
(PMI's) definition about project man-
agement knowledge areas describes
project management practice in terms
of its component processes (PMBOK
1996). These processes have been or-
ganised into nine knowledge areas. Also
the recent project management quality
guideline (ISO 10006, 1997) provides
ten project management processes sim-
ilar to that of PMI. The project scope
management and quality management
- or scope and quality related processes
- could be thought of to cover at least
some aspects of the management by re-
sults area intended in this article. How-
ever, description of these areas in ISO
and PMBOK still lack the focus and
implicated management practice intro-
duced here, which makes it difficult to
evaluate the position of this manage-
ment by results in the overall project
management discipline defined in those
standards.

Given several project manage-
ment knowledge areas and processes
introduced in standards such as e.g. ISO
and PMBOK, criticism exists that in
practice too much focus is put to espe-
cially time but also to cost management
area. Turner (1993) considers histori-
cal and other background factors that
might cause the phenomenon why
project managers may have heavy fo-
cus on time; According to Turner, the
reasons might be the following:

- The systems for controlling time

(networks) are the most

advanced

- Project managers have greater
control over time than cost or
quality

- Time is the most visible objec-
tive

- Time is inherent in the make-
up of people who make good
project managers.

Some projects are especially crit-
ical in terms of time. In such projects,
timely planning and time management
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becomes important. A good example of
time criticality is that many new prod-
uct development projects have intro-
duced time-to-market objectives. In
many traditional branches - e.g., in con-
struction - cost management and cost
engineering with low price solutions
come to the first place.

The authors suggest a key core
process structure of project manage-
ment should be the proactive way of
managing the technical end result of
the project. Implementing forecasting
results to responses which often means
that changes in design and planned
scope occur during the project imple-
mentation. Thus, change management
is a significant process related to the
management of the technical result.
Change management includes design
reviews and freezes and handling of
change requests.

MERI-PORI POWER PLANT
PrOJECT

The Project

Meri-Pori Power Plant project was im-
plemented during the years 1990-93.
Meri-Pori is a coal fired 565 MW pow-
er plant situated in the west coast of
Finland, Figure 3. The plant and the
project have in 1994 been honoured
with a power plant award "For evolu-
tionary improvements in conventional
steam-cycle technology with state-of-
the-art emissions control, and full re-
cycle of SO2-scrubber by-products into
other industries". The technical result
of the project was better than original-
ly required by the customer. The con-
strained objectives time and cost were

achieved and in case of cost even lower
than the original requirements of the
customer.

The power plant project was a
joint investment of the power compa-
nies Imatran Voima Oy (IVO) and Te-
ollisuuden Voima Oy (TVO). IVO is
state-owned and TVO is owned by the
Finnish industry, mainly the pulp and
paper industry. The project was super-
vised by the investors and governed by
contracts between IVO and TVO and
by contracts between the parties cus-
tomer and supplier within the compa-
ny IVO. The Engineering division of
IVO was the supplier, performed the
EPC-project, and the Energy division of
IVO the customer together with TVO.
The supplier acted with turnkey respon-
sibility. During the project the Engineer-
ing division was organised to become a
separate EPC-contractor company on
the international market.

A new power plant is a huge in-
vestment. The implementation time
must be short and the specific costs low
to get a feasible project. It should be
noted that according to the statistics of
Unipede/ Eurostat/ Sener the electrici-
ty prices in Finland have remained the
lowest or close to the lowest for a long
time.

Constrained objectives

Time

The master time schedule of the Meri-
Pori project was developed during the
feasibility phase and was fixed when the
main equipment was ordered and the
implementation phase started. The
time-related processes of the EPC-
project were straightforward: The mas-

Figure 3. Meri-Pori Power Plant
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ter time schedule with all the important
milestones was frozen and the detailed
schedules needed for the time manage-
ment were developed within the fixed
time frames of the master time sched-
ule. The schedule control 'activities on
schedule' and the forecasting how iden-
tified risks might influence on the
schedule were related to the milestones
of the master time schedule. Forecast-
ing was emphasised, which mainly was
the estimation of the duration of the
remaining activities to be able to
achieve the ultimate date: start of pro-
duction.

Cost

The specific costs of the power plant,
investments FIM/kW and production
FIM/kWh (Finnish currency FIM to the
power rate kW and to the energy rate
kWh) were basic requirements of the
customer for the project and input data
for the technical development of the
plant concept during the feasibility
phase. The requirements were trans-
ferred to the implementation phase and
to the original budget of the EPC-
project and subject for the forecasting.
The customer and the supplier handled
the costs as 'open book', so the savings
in the budget were not added to the
profit of the supplier, but improved the
profitability of the new plant for the
investors.

The Meri-Pori project established
a platform for the cost-related process-
es: implementation plan, WBS, list of
planned procurements and a time-
phased budget with a task structure cor-
responding to the previous items.

Forecasting future costs was one
key-issue of the monthly meetings of the
project team. The progress and the re-
maining works were evaluated in a way
similar to the earned value method, but
only by defining the interrelations be-
tween time, cost, and achievements by
reasoning. A practical tool was a graph-
ical project cost status report on differ-
ent levels of the WBS. The discussion,
mutual understanding and commit-
ment by the project team of the cost
status and forecast are important. The
cost status reports in time scale and in
combination with the evaluation of the
progress of the works and the risk re-
sponse development were the basic in-
formation and tools used by the project
team members for the forecasting of the
final costs. The specific investment cost
without interests of the Meri-Pori plant
was about 600 USD/kW, which was a
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low figure and 15% under budget (an
accurate figure is difficult to calculate,
because main parts of the costs were in
FIM, DEM and JPY). The result of the
objective cost confirms the importance
of forecasting in project management.
Costs are related to the techni-
cal result. The technical result will be
discussed in the next section. Two kinds
of costs shall be forecast: investment
cost and operational costs. The fuel
costs can be seen as input data for the
calculation of the specific costs and
then forecasting is focused on the per-
formance (efficiency) of the plant. The
other costs of operation and mainte-
nance (O&M), e.g. personnel needed,
are object to forecasting. The total staff
of the Meri-Pori plant is 37 people -
even the double would be a low figure.

Resources

The resources must be managed to be
able to run a project 'on schedule, un-
der budget'. Also here the forecasting
was important in the project. The work
within the company was executed ac-
cording to the implementation plan and
thus easier to predict than the works
executed by subsuppliers. The quality
of the work and management processes
of the own company and of the suppli-
ers and the skills of the persons are more
important issues than the quantities to
be considered in the forecasting. Com-
pared to the original budget the Meri-
Pori project used 20% less in-house
working hours.

Technical Result

Meri-Pori is a condensing power plant.
The product is electric energy supplied
to the 400 kV grid. Net power output,
efficiency and ability for efficient O&M
are the essential parameters of the
plant. In the Meri-Pori project the as-
sessment of savings and additional costs
in relation to the technical result was
based on Life Cycle Costs (LCC). Per-
formance and O&M related features
were taken into account cost wise.
The requirements for the techni-
cal result were developed in the feasi-
bility phase. Availability and maintain-
ability and environmental requirements
were included. The main technical pa-
rameters for the plant and for the main
equipment were specified in a brief doc-
ument named Technical Specification.
The figures of this key document were
confirmed by the customer and were
attached to the contracts between the
parties. An important issue was to have

a thorough discussion with the stake-
holders, to decide which are the driv-
ing parameters for the Meri-Pori project
in order to freeze the figures for imple-
mentation. For the forecasting of the
technical result it was necessary that
the design bases and LCC criteria were
decided on and keep unchanged. A
more detailed specification of the
equipment and plant processes was de-
scribed in the documents: plant descrip-
tion, technical specification for pur-
chases and in the implementation plan.

Forecasting of the Technical
Result

The realisation of the technical result
was achieved finally by deriving the re-
sults by design, procurement, construc-
tion, erection and commissioning activ-
ities. Similar activities were performed
both by the own organisation and by the
organisations of the subsuppliers. In the
frame of a tight time schedule it was
necessary to have overlapping activities.

The work of the feasibility phase
must be properly performed. The tech-
nical specification and the plant de-
scription presented above served as the
technical baseline for the project. The
key issues were identified, which had an
essential influence on the technical re-
sult. They were followed up and the fi-
nal result was forecast in reviews dur-
ing the project. Design reviews with
freezing and change management were
the main procedures to control the
works.

Scope

The scope was briefly a well function-
ing plant, which fulfils the requirement
developed in the feasibility phase, and
engineering, procurement, construc-
tion, erection and commissioning of the
plant. Essential tools for the forecast-
ing of the 'well functioning plant' are
the System Descriptions and the de-
scriptions of the Operating Require-
ments.

Quality

Quality is a large range of technical re-
quirements, but it will be only briefly
presented in this article. The quality of
the components and subsystems were
planned, controlled and forecast with
the target 'right level' to be in accord-
ance with the requirements of e.g. per-
formance and availability but also in-
vestment and O&M costs.



Performance

Deviations in the net power output
were in LCC calculations of the Meri-
Pori project valued four times higher
than the specific investment costs. This
means that 1% plus or minus in the per-
formance of the plant was a very big fig-
ure. The performance depended of the
quality and the proper design of the
processes, equipment, mechanical sys-
tems, electrical systems and the auto-
mation of equipment, systems and plant
level. There was simultaneous work on
different technical disciplines in sever-
al companies. The management of in-
terrelationships and interrelated tech-
nical systems and other entities was
emphasised.

Forecasting the performance is a
complex matter. To illustrate this, we
take the plant efficiency and the tur-
bine plant as an example. The plant ef-
ficiency is the electric power to the grid
divided by the fuel power input. In
Meri-Pori the turbine-generator set
with auxiliaries including a turbine driv-
en feedwater pump set was purchased
as a package. Thus the turbine plant was
a complete system, where the perform-
ance could be defined and measured
according to international standards.
The forecasting of the plant efficiency
and net power output could however
not be based on warranty figures only.
For example the uncertainty of the re-
sults of the performance warranty meas-
urement of the turbine plant could be
about 1%, which is a bigger figure than
required for the accuracy required for
the forecasting. The project team using
own calculation tools and information
of the state-of-the-art of steam turbine
technology evaluated the efficiencies of
main components of the turbine plant
delivery. In the same way the other main
processes were analysed and the final
performance forecast several times dur-
ing the project.

The measured performance of the
plant, even after three years operation
has been better than the original re-
quirements. The plant efficiency is 44%
when the original requirement was
43.5%. However the performance war-
ranty measurements of the individual
main equipment have shown figures
close to the unacceptable limits. We
must admit that the accurate forecast-
ing of the technical result was not an
easy task. Deep technical knowledge is
needed for the engineering judgement.
This was however successfully per-
formed in the Meri-Pori project.
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CONCLUSIONS

Analysis of project objectives is conduct-
ed by resulting to a decomposition of
project objectives where the technical
result plays a central role. The techni-
cal result is introduced as a novel con-
cept and its relation to constrained ob-
jectives is outlined. The technical re-
sult comprises scope of supply, product
quality and product performance and
the requirements of environment, safe-
ty, availability and maintainability. It is
stated that the technical result is of pri-
mary importance and the constrained
objectives of time, cost, and resources
should be considered as framework ob-
jectives. The motivation for this sugges-
tion is based on the fact that the tech-
nical result is the key issue of the cus-
tomer. Project management should fo-
cus on the forecasting of the technical
result. The constrained objectives of
time, cost, and resources are also impor-
tant and should be managed by profes-
sional planning, control and corrective
actions.

Suggested 'project management
by technical result' implicates customer
orientation and strong orientation to
proactive project management with the
aspect of managing the future outcome
rather than reviewing current state or
past achievements. Thus, the impor-
tance of forecasting the result is empha-
sised in the suggested project manage-
ment practices.

The Finnish Meri-Pori power
plant project case was analysed. The
case provided empirical evidence that
the suggested project management
scheme could be implemented with suc-
cessful results.
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The aim of this case study' is to find out reasons for projects' timetable failures and difficulties. For this purpo-
se, disturbances were analysed during a specific new product development project and its production ramp-up
stage. The project was analysed retrospectively by group and individual interviews. The study shows the pro-
cess' critical incidents. The acknowledged problems in the project are classified as 1) disturbances in the pro-
ject process and as 2) intergroup boundary problems between development and production teams. Although
the approach of the study is purely descriptive the connections of empirical findings to theoretical constructs
are also discussed. A method for product development audit to analyse and model strengths and weaknesses of

realised projects is recommended.

Introduction to the field of
study

The speed and flexibility of product
development and its implementation
have been regarded as important fac-
tors contributing to the economical suc-
cess of the new product. Decreasing the
time spent for introducing new products
requires the management of several dif-
ferent functions (e.g. product design
and production) simultaneously to the
same direction. Very often product de-
sign projects, however, fail to keep their
timetables and achieve the speed want-
ed. It seems that much of the delay in
product development comes from the
difficulty in co-ordinating the efforts of
various groups. In a study of boundary
activities (Ancona & Caldwell 1990),
it was found out that high-performing
product teams interacted more fre-
quently than low performers with man-
ufacturing, marketing, R&D, and top
division management during all phases
of product development. Another study

U"This study is a part of the research project
“Teamwork and reward systems in R&D” at the
TAI Research Centre, Helsinki University of
Technology. The project is co-financed by Technology
Development Center Finland (TEKES) and
participating companies. The project aims at the
enhancement of the product development process by
improving teamwork, process mandgement and
compensdtion systems.
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(Nihtild 1996) reviewing eatlier stud-
ies on successful and unsuccessful new
product design projects highlights the
importance of integration between
R&D and customers, between R&D
and marketing as well as between R&D
and manufacturing. Other factors men-
tioned in earlier studies were: under-
standing customer needs and adequate
bi-directional communication channels
both within the project team and be-
tween the team and rest of the organi-
sation. The overlap between the differ-
ent development phases and the cross-
functional team approach were regard-
ed as two fundamental and intertwined
elements of integrated new product
design (Nihtild 1996).

Large R&D departments are typ-
ically matrix organisations, hybrids of
functional and project organisations -
such is also the case under scrutiny.
Each individual is linked to others ac-
cording to both the project they work
on and their function. Hayes et al.
(1988) call two variants of the matrix
organisation the heavyweight project
organisation and lightweight project
organisation. A heavyweight project
organisation contains strong project
links, and the project manager has a
high authority, for example over the
budget. A lightweight project organisa-
tion contains stronger functional links,

and the project manager is more a co-
ordinator. The project reviewed here
can be characterised as a heavyweight
organisation.

Projects consist of teams. A team
is a small number of people with com-
plementary skills who are committed to
a common purpose, set of performance
goals and approach which they hold
themselves mutually accountable
(Katzenbach & Smith 1993). By bring-
ing people with diverse skills together,
product managers hope to increase ef-
fectiveness and adaptability in projects.
Numbers of factors are necessary for
team level innovations. Training is im-
portant; putting contrasting personali-
ties in the same group without adequate
training causes easily conflicts. The
clearly defined objective enhances
teams' functionality. Equally important,
however, is that team members partici-
pate in the setting of those objectives.
High participation, i.e., a lot of inter-
action amongst team members, open
information sharing and shared influ-
ence over decisions, enhances innova-
tion. Task orientation or preparedness
of teams to engage in constructive con-
troversy and conflicts is also underlined.
(West & Altink 1996)

The larger the project the more
there are teams responsible for achiev-
ing sub-goals of their own. The teams



and people supporting them form the or-
ganisational context around the product
development process. Teams should work
together and co-operate their activities
to achieve the common goal, i.e., the
project completion in time. Co-operation
and communication between teams and
among their members, however, often fail.
(Vartiainen et al. 1996)

The case and orienting approach

About 200 employees designing power
electronics are working in the field of
product development in the company.
Over 30 employees worked in the stud-
ied project. The aim of the project was to
realise a new generation product utilis-
ing new technologies, a new platform
product. The two year project was offi-
cially finished one year before the analy-
sis.

The project was organised into sev-
eral functional teams headed by team
managers who themselves formed the
management team. The project used and
followed an internal product develop-
ment model. The model consisted of typ-
ical product development phases: con-
cept definition, product definition, design
completion, verification, field trial and
lessons learned, all of them tailored for
the company's internal use. Functional
project teams proceeded simultaneously
in their own areas of engineering. The
progress of the project was monitored in
management reviews after each phase.
Design reviews were the official co-oper-
ation form between development and
production teams.

Several employees from product
design and production were responsible
for the ramp-up phase. Part manufactur-
ing was made by several subcontractors
worldwide while the factory's own pro-
duction line was for assembly. A new as-
sembly and testing line was simultaneous-
ly built for the product. In this paper, pro-
duction is used as a synonym with assem-
bly. The factory itself had a history of pro-
ducing customised products with low vol-
umes. The new product was the first rep-
resentative of high volume standard prod-
ucts in the factory.

After the project, it was found out
that the product design phase was one
year late and the ramp-up phase turned
out to be painful with a very low volume
compared to the target. So, there were
great needs to understand reasons for the
timetable failure and difficulties during
the ramp-up. This descriptive analysis
focuses on two important problem areas:
The delays during the design were in a
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great deal caused by unexpected tech-
nical difficulties and their management,
i.e. the process. In the case a situation
where the product is handed over from
one team to another is investigated.
There were reasons to presume that the
main reason for difficulties during the
ramp-up can be found in the co-ordi-
nation and communication processes,
i.e. the intergroup boundaries. Thus,
the objects of the analysis are also the
border between the product develop-
ment process and the production proc-
ess, i.e. the ramp-up phase, and the dis-
turbances between the production and
development teams.

In this study the researcher came
from outside of the studied process and
the company but had earlier studied the
company's product development man-
agement.

Methods

The development process was analysed
retrospectively by examining the real-
ised project. The analysis was support-
ed by a product design process chart
that was used in group and individual
interviews. The process chart was
shown to the group or a person discuss-
ing about its validity. Then each per-
son was asked to write down five prob-
lems or conflicts during the develop-
ment process that caused problems for
the ramp-up phase: what happened and
in which phase? Then each problem
was placed in the specific stage of the
process where the source of the prob-
lem existed. Each person then ex-
plained his statement and the research-
ers had the possibility to ask for clarifi-
cation.

The analysis started with a group
interview (n=3) of production repre-
sentatives. The group was asked to men-
tion as well five successful factors at the
project.

The individual interviews (n==6)
of both development team and produc-
tion team representatives dealt with the
following additional questions:

- Why? What was the reason for
the problems?

- What could be done? Develop-
ment proposals?

- What were the strengths of the
project!

After interviews the researchers
made a literal description of the project
and the interviewees checked it. The
problems found were grouped into four
categories: 1) manufacturability and

quick ramp-up, 2) responsibilities, 3) pro-
cedural justice, and 4) intergroup bound-
aries. In addition, the development pro-
posals were collected.

Results

Manufacturability and quick ramp-up

The project ended up with several prob-
lems as a result of technical problems to-
gether with insufficient management
(Fig. 1). The relationship between caus-
es and consequences in the stories of sub-
jects interviewed were not always clear.
However the 'mother of all problems'
seemed to lie in rushing. The informa-
tion of the product and project timeta-
ble reached the selling companies early.
The purpose of this was to get as much
information from the customers as possi-
ble for the definition phase. This turned
out to be a problem because the infor-
mation spread could not be controlled,
and the selling started early. After that
the project met technical difficulties, and
because of early selling to customers, was
forced to launch an incomplete product.
When selling had started, the incomplete
product was brought into production.
Pilot programme and 0-series production
were left out and the first products were
delivered to the customer. The feedback
from the field came late resulting chang-
es to the design while the production had
already been started. The disturbances
followed and were strengthened by sev-
eral other problems.

The company's core competencies
are software and hardware design. The
project had some lack of knowledge in
mechanical design. Assembly line speci-
fications were late. Manufacturability was
not considered as important and there-
fore manufacturability analysis was late.
As a result the product was difficult to
assemble with many different parts and
tools.

The assembly line was specified
and designed according to the original
product specifications. Design and pro-
duction teams were separate and not
enough information from the design
changes went to the production team.
The product and assembly line compati-
bility was not checked. As a result the
decision on the assembly line layout did
not correspond to the final product.

The core technologies were not
ready for the ramp-up and a lot of re-
sources were needed for further develop-
ment. As a result was changes in design.
The project was not sufficiently prepared
for EMC requirements which caused oth-
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Changes in product definition.
Not enough information from the
changeswent to the production team.
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0-series production was left out

»

Product
Definition

Concept
Definition

Design
Completion

Verification

Field Trial Lessons
Learned

/.

The coretechond ogies

were not ready Manufacturability was not

considered as important
Production was not invited
to construction meetings

T AT

Changesin design.
Not enough information from the
design changeswent to the production team.

Figure 1. Factors of product development process that caused problems for
the production ramp-up in the case.

er changes in design in a late phase.
Only a few information if any of the
design changes went to the production.
Because the product design was not
completed at one go, the construction
and parts were continually changing
during the ramp-up.
Responsibilities
Unclarity in responsibilities and work
distribution caused misunderstandings,
and some of the tasks were left undone.
This unclarity was especially trouble-
some in designing and building the test-
ing line where no one had the main re-
sponsibility of co-ordination. In addi-
tion, all the literal agreements with test-
ing equipment subcontractors were
missing. Other essential unclarities
mentioned were following:

- It was not clear who - develop-
ment team or production team - is
responsible for organising the
design reviews.

- For some parts supply responsibili-
ties were not clear - development
team or production team?

- After the design change iterations
it was not clear inside the devel-
opment team who is responsible
for bringing the whole product
into the production. In the
beginning each functional team
was bringing its own design
changes to the production. This
caused some extra work for the
production.

Procedural justice

The concept 'procedural justice' can be
defined here as the subjective evalua-
tions of fairness in decision making or
resource allocation procedures as con-
trasted with the experienced fairness
of outcomes in these encounters. The
basic principle is that all actors should
have voice - i.e. they should be given
opportunity to influence - in decisions
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and allocations in which their interests
are involved (see Lind & Tyler 1988 and
Leventhal 1980).

While the development team
representatives mentioned only single
experiences of injustice, especially the
accounts of the production representa-
tives can be examined as violations of
procedural justice principles as follows:
- The production was not asked for

delivery times when the selling
was started.

- The reviews were accepted too
easily even if some of the design
problems were not solved. This
gave the marketing organisation a
picture that the project had
proceeded further than it actually
was. "In the end the production is
always in trouble".

- The production representatives
were not invited to the construc-
tion meetings.

Intergroup boundaries

There was a shared understanding of
production and development teams'
high intergroup boundaries as a prob-
lem. Production and development had
separate or even opposite targets as well.
Production team's target was to have a
high volume for the old product while
the new product with all its difficulties
was rather a nuisance. Development
team's target was to solve, as well as
possible, the technical problems oc-
curred in the new product, like EMC
requirements. The boundaries were
highlighted as follows:

- The official language of reviews
and documentation was English.
All the production representatives
mentioned this as a problem in a
way or another. "In the reviews,
the English language made the
'quiet’ production even more
quiet."

- The design reviews between the
production team and the develop-
ment team had a destructive spirit.
Design team members described it as
an occasion of pointing mistakes in
product design. Production felt that
the reviews were the last chance to
delay the uncompleted product's
coming to production.

- Since production representatives
did not participate in the design
meetings information was not
distributed sufficiently. This point is
linked to the procedural justice
viewpoint as well.

Development proposals

The most common development proposal
concerned production representatives'
participation in design process. Other
proposals were rare compared to the pre-
sented problems and no common view
seemed to be for developing the process.
When one was calling for a stronger man-
agement, the other for participative ap-
proach and the third for a proper proto-
typing and pilot programme.

Discussion

Reasons for timetable failures

The main reasons for the one year time-
table delay and painful rump-up period
seem to be many-sidedly linked to the
responsible social system and its teams.
The social system's ability to use reviews
after each phase and correct operations
respectively failed. Somehow a shared
knowledge of the present problems and
procedures to overcome them did not
arise. Were the design teams too function-
al? Could they not therefore understand
the needs of the production team? This
would not be a new conclusion. It is well-
known since the start of Taylorism that
too specified jobs lead to difficulties first
between employees and management and
then, in the age of teamwork, between
teams that do not see and comprehend
the benefit of the whole process.

The situation in the studied project
was highly sensitive to intergroup distur-
bances and conflicts. There were two
functionally separate teams - design and
production - working for the same objec-
tive. However, the project did not form
one unity but the organisational setting
highlighted differences between the two
teams. First, there was a clear power dif-
ference/distance between the teams in
which development team had the domi-
nance. This was illustrated in the stories
of production team members about com-



mon meetings and decision making pro-
cedures. For example, the language used
in the meetings was often English so
that production staff did not understand
as mainly Finnish speaking what was
going on. They also felt that they had
no real voice in the important decisions.
This, in turn, created experiences of
procedural injustice (see Leventhal
1980, Cohen 1986). The symbolic
boundary between the teams was
stressed leading to clear in-group ver-
sus outgroup categorisations. The liter-
ature on group dynamics (Brown 1988,
Hogg & Abrams 1988) clearly demon-
strates that the situation of design and
production teams described above al-
most certainly generates in-group fa-
vouritism and outgroup hostility result-
ing in conflicts.

On one hand, innovations usu-
ally occur through disturbances and
conflicts in the social system; it is pos-
sible to learn from experiences gathered
during past and more or less succeeded
projects. On the other hand, it can be
argued that high intergroup boundaries
and antagonistic setting tend to direct
conflicts to nonconstructive issues. It is
also essential how the conflicts are man-
aged. Dominance and avoidance in
conflict situations are certainly not the
best ways in teamwork. How teams
manage their boundaries affect projects'
performance. Boundary management
refers to interactions teams must under-
take in dealing with other groups and
up in the division upon whom they are
dependent for information or resourc-
es or with whom they co-ordinate to
complete the assignment. The conflict
management strategies impede co-op-
eration that is vital in project organisa-
tions. (see e.g. Thomas 1976, Raven and
Kruglanski 1970.) Resulting distortions
and disruptions in the development
process cause delays during later phas-
es of the product implementation and
manufacturing.

Comments on the method

The process chart provided a firm basis
for individual restructuring of the proc-
ess' critical incidents retrospectively. It
can be recommended to build such a
chart when analysing past events in
projects. A lesson learned is that it is
very beneficial to analyse carefully the
strengths and weaknesses of the past
projects. The open questions in the in-
terviews also worked well. A criterion
for this was that after certain amount
of interviews no more themes and prob-
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lems came out. A problem of the ques-
tions was their 'negative' emphasis, bias
on problems and disturbances. This re-
sulted only few development proposals
from subjects although these were asked
during the interviews. Altogether, the
method used to reconstruct and model
a finished project worked relatively well.
Still, it has some shortcomings in sci-
entific precision and needs further de-
velopment and reflection. Our aim is,
however, to collect more data on real-
ised projects. It seems fruitful to collect
more cases by using our approach.

The development dimension of
this study will be to use the lessons
learned in creating discussion and dia-
logue between development and pro-
duction in future projects. This is sup-
posed to increase understanding of
mutual problems and common goals
and interests of the development and
production teams. Bringing the two
teams closer to each other should low-
er boundaries between teams involved
and facilitate the vital co-operation of
project units (Brown 1988). The
boundary management is necessary for
the speed and flexibility of new prod-
uct development.
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B CATEGORY: NOTION ON HUMAN RESOURCE MANAGEMENT AND TQM

Customer Satisfaction Through
Employee Satisfaction

Dick Sharad, Gaithersburg, USA

The basic tenets of total quality management (TQM), as we all know, are: customer satisfaction, continuous
improvement and a quality culture through training/development. These are also central to human resources
management (HRM). TQM further promotes the concept of internal and external customers. This covers the
interaction among individual employees, among functional groups, and also between workers and manage-

ment, as customers and suppliers.

Introduction

Management, which has commitment
to quality, considers the employees as
primary customers, while serving as a
supplier of jobs and job satisfaction. It
keeps them well-supplied with oppor-
tunities and training to grow, in addi-
tion to equitable pay and benefits. Most
importantly, it facilitates their working
together to a better than satisfactory
level, with business guidelines, policies
and procedures. If this really happens,
the collective day-to-day performance
is bound to produce quality results and
satisfy the external customers. This has
relevance in management of projects as
much as in company organization man-
agement. While the project sponsor is
the project manager's client, his team
members are his suppliers. Examining
the aspect of mutual satisfaction in the
management of human relations might
be of interest to project managers.

Customer satisfaction is going to
be of paramount importance for con-
ducting business and running projects
in the coming years. This article is an
attempt to identify a strategy to meet
this inescapable reality, by examining
the potential TQM-HRM partnership,
based on practical experience. It con-
siders as a major factor the manage-
ment's dependence on the human tal-
ent, which must be carefully searched,
nurtured, encouraged, challenged, and
above all, satisfied.

People, the Foundation of
Quality Management

Emerging Role for HRM

We have witnessed so far a transition
from personnel administration to per-
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sonnel management to employee rela-
tions to human resources development
(HRD), with varying shift in the focus
in each case. Further transition from
HRD to HRM is also almost complete.
Such transition, often not too clear,
gradual and overlapping with a previ-
ous one, invariably incorporates chang-
es in social attitudes towards work,
worker needs and demands, and the re-
alities of the business world. It reflects
the overwhelming realization that peo-
ple are the foundation on which organ-
izations are built. The quality of people
determines the quality of management
and the effectiveness of company busi-
ness.

The emerging new transforma-
tion for HRM is with the value-added
dimension of TQM and Business Proc-
ess Re-Engineering (BPR). We could
perhaps call it: Total Quality HRM
(TQ/HRM). BPR and TQM both have
the same focus on quality, and on im-
provement of products, processes, pro-
cedures and services. Since only peo-
ple can bring about such improvement,
the people-biased HRM function is a
natural contender to cover TQM/BPR
as its integral part. HRM's emphasis on
developing, training, and managing
people has to be reinforced with a TQM
outlook, which makes them natural
partners.

TQMization, that is, introducing
and implementing TQM, may begin
with potential improvements in the
HRM function itself.

In order to meet the TQM chal-
lenge, human resources (HR) manag-
ers need to implement an integrated
organizational strategy, one that enables
staff to achieve the required perform-

ance standards and fulfill personal de-
velopment objectives in the process.
They, indeed, have to launch TQMiza-
tion as a project. Organizations need to
add value to current HRM approaches
and better prepare the organizations,
work groups, and individuals for sustain-
able survival and development in the
increasingly competitive global envi-
ronment.

TQM brings a new meaning to
the human resource function. Increas-
ing complexity of today's business brings
an escalating pressure on human re-
source professionals to either play
proactive, strategic partnership roles or
be left behind as marginal contributors.
The imminent challenge to develop a
world-class work culture that integrates
quality HR and strategic business plan
has to be met. Organizations that do not
succeed in the integration of strategic
management, TQM and HRM will
eventually face extinction.

It is essential to develop a power-
ful HR methodology such that we can
start from the process of individual
change for better, and build outward to
better relationships among functional
groups to make the total organization a
homogeneous and harmonious entity.
HR managers who can act as change
agents, facilitators and coordinators for
quality improvement efforts on com-
panywide basis best accomplish this
process. They have to assist manage-
ment in strengthening the linkage be-
tween business strategies and manage-
ment practices. Today's management is
experimenting with new approaches
already, such as, TQM, boundaryless or
flatter organization through BPR, self-
directed work teams, and so on. HR, as



a spokesman for all people, can act as
an internal management consultant for
such innovations.

TOM Finds a Home in HRM

The main stumbling block for
TQM implementation is to find a place
for it in the organization. Every organi-
zation may have its own idea about
whom the TQM manager should report
to. TQM does support Quality Assur-
ance/Quality Control (QA/QC) for
process improvement to produce final
genuine product. However, its focus is
not on the product but rather on the
management of the entire business or-
ganization. There is a tendency to let it
be a direct report to the CEQ, but that
makes it too distant from where the ac-
tion is. A case may be made to place
TOM within QA/QC, or Marketing/
Business Development, due to its cus-
tomer orientation. Or, maybe even in
Information Systems, due to its role in
integrating functional databases. Expe-
rience has shown that Human Resourc-
es is the ideal candidate to provide a
home for TQM within the corporate
organization.

If we value and trust our employ-
ees, treat them well, empower them,
and make them feel important, they can
achieve the seemingly impossible. Com-
bining TQM with HR provides the op-
portunity from day one to impart the
company's quality culture to the em-
ployees. Through proper selection of
personnel in the recruitment process,
and training them to improve their skills
and develop a career for them, it is en-
sured that the organization has a moti-
vated and energetic workforce. HRM
and TQM prove to be natural partners
in creating the quality culture and in
building an effective organization.

HRM has always been a key staff
function in any organization, being in-
volved with people from their entry
through exit. The line functions need
HRM's support, and HRM needs inputs
from them to help them in turn. This is
a situation where the internal custom-
er-supplier concept inherent in TQM
application comes into play in a most
profound way.

TQ/HRM, the TQMized HR
function, extends beyond the tradition-
al role. It links itself with overall man-
agement of the business, including set-
ting up the goals of the organization in
order to proactively and systematically
respond to current/future internal and
external customer needs. Management
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realizes now that developing the com-
pany business depends upon the devel-
opment of HR. The organization's suc-
cess is not possible unless improvement
in people management practices takes
place, and good employee relations re-
main a number one priority with man-
agement. The new role of the TQ/HRM
function is to build a quality culture
within the organization focused on
complete satisfaction of every employ-
ee. Among the added responsibilities of
HR professionals are:

- Participation in developing

business plans

- Upkeep of policies and procedures

- Formation and coordination of
quality improvement teams

- Evaluation of individual/function-
al/company performance and
similar TQM related activities,
which culminate in employee
satisfaction

- Ensuring that employees get
appropriate recognition from
management for improvements
made.

The rationale for attaining TQM
by its partnership with HRM includes
common elements of concern, such as:
(1) mutuality of people relations, (2)
creating corporate culture, (3) training
and development, (4) company policies
and functional procedures, (5) attain-
ment of quality through personal/per-
sonnel indulgence, (6) continuous im-
provement in the company's products,
processes, procedures and services, and
(7) customer satisfaction through em-
ployee satisfaction.

Quality in Management as a
Motivator

Commitment of employees is always
expected in any organization. But it is
not automatic, and cannot be taken for
granted. A broader emphasis on em-
ployee motivation must be considered
if we want to have a committed quality
organization. Involvement of employ-
ees in the management of their respec-
tive work processes plays a major role
in their motivation level. This translates
into the success of the TQM program.
If we believe that more satisfied employ-
ees are more motivated, and hence
more productive, then the responsibil-
ity to make that happen rests with the
HRM function. This means that the
responsibility and pressure on the T(Q/
HRM function start from the selection
of the individual in the organization up

to the time of his departure. It requires
cooperation from all functional manag-
ers.

A major ingredient for TQ/
HRM's success is the involvement of top
management. It is essential that the
CEO leads the whole organization to-
wards the goal of quality. Failure of com-
panies to implement TQM is almost
invariably attributable to the lack of top
management involvement, and lack of
direction to steer the organizations with
a clear vision and necessary support.

TQM will never be accomplished
and implemented successfully if the top
people in the organizations do not adopt
it from the beginning and monitor its
progress closely. Their interest in TQM
must be genuine, and their support
wholehearted. The employees must be
assured that top management is really
serious about TQM. It should be active -
ly demonstrated by managers and super-
visors at all levels that they are not just
interested but are actually enthused
about the ideas presented by their em-
ployees for improvement of things.

Quality in management's attitude
and actions must become so obvious
that everyone within the organization
begins to react to it positively. This is
reflected in the promptness of decisions
and fairness in dealing with employees'
needs as persons and professionals, in
celebrating when work teams or indi-
viduals show results in meeting/exceed-
ing expectations, and rewarding good
performance without any bias or pref-
erential treatment. Good management
is quality management, and that is what
serves as a real motivator for employees
and the supervisory staff. If at any later
stage, people discover that the initial
rha-rha and hoopla have only generat-
ed a TQM rhapsody, and that it has
degenerated into a mere lip service, they
are frustrated and demotivated. Hypoc-
risy, favoritism, nepotism and discrimi-
nation are an antithesis to TQM. They
are also the greatest demotivators. Re-
member: No Quality Without Equali-
ty!

An executive steering committee
consisting of senior staff and chaired by
the CEO may be formed to establish
long term TQM objectives and lead the
organization towards achieving them. It
should: (1) develop the philosophy and
methodology for quality, (2) launch in-
itial and periodic, in-house TQM cam-
paigns, (3) focus on establishing a qual-
ity culture based on equality, (4) sup-
port training activities, and (5) over-
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come any obstacles that stand against
smooth implementation of the program.
Once the employees are con-
vinced that their own managers are
honestly, consistently and zealously pur-
suing TQM, they will be highly moti-
vated. They will enjoy coming to work
under quality management of the com-
pany, and give their best. Next, let us
see how realignment of the HR func-
tion itself can better support the rea-
lighment of people management prac-
tices, and of the business strategy.

The TQ/HRM Phenomenon

Traditional HRM

The international Society of HRM
(SHRM) in USA has implicitly reserved
a place for TQM already within the
HRM module called "Management
Practices"! The SHRM Learning Sys-
tem, an educational program developed
by the Society, incorporates following
modules, and attaches relative weight-
ages for testing in the "Professional in
HR (PHR)" and "Senior Professional in
HR (SPHR)" examinations conducted
by its HR Certification Institute. The
increase in emphasis on items 1 and 5
for the Senior Professional is worth not-
ing.

The traditional role of HRM is
understood to involve: (1) Recruit-
ment, (2) Benefits, (3) Training & De-
velopment, (4) Office Administration,
(5) Public/Labor/Industrial/Govern-
ment Relations, and (6) Other Servic-
es (Travel, etc.). Traditional HRM,
through the transitions it has gone
through in past 2-3 decades, has ex-
panded its role such that the HRM pro-
fessional is, indeed, becoming a change
agent or a facilitator of changes at-
tempted companywide. TQM and BPR
call for fundamental changes in the or-
ganization culture and company oper-
ations. HRM has already been playing
a part in this. [t s, in effect, best poised
now to be the most natural candidate
for partnership in TQMization.

TQ/HRM as a System

If business management can be looked
upon as an open system to manage all

resources (time, money, manpower, and
materials), the TQ/HRM System be-
comes an essential component of it.
Typically, a system model calls for pre-
determined inputs, a known procedure
or process to utilize these inputs, and
desired end results or outputs. A sim-
plified, self-explanatory view of a typi-
cal TQ/HRM system may be shown in
Figure 1.

defined/identified and their interrela-
tions established.

While actual TQ/HRM activities
may be the responsi-bilities of a TQ/
HRM Manager and his staff, the T(Q/
HRM outlook has to be cultivated by
functional heads of all management ar-
eas, without exception. This outlook
entails the ability to understand, appre-
ciate, explain, inform, generate and

monitor the wishes-

Input ——> Process > Output desires-aspirations
’

o . - * Inckui ; .. ce
PollcylStrateg}l Program Execgn.on,lH RM Individual Effecnveness op1n1ons~cr1t1c1sm5,

* Mgm't Commitment * Employee Participation * Group Effectiveness . . . .
CTOMRM Pl + Furctionsl Cparations « Orgnz! Effectiveness abilities-limitations-

* Orgnz| Condderations * Monitoring/Eval uation
* Job Market Conditions * Continuous |mprovement

New Requirements Adjusments as
Necessary

motivations, actual
performance, com-
promises and sacri-
, fices of every human

* Improved Processes
* Customer Satisfaction

I Feedback

Figure 1. A typical TQ/HRM system

Note:

(1) Policy/Strategy: Company vision
and mission, TQ/HRM philosophy
& guidelines, criteria for effective-
ness.

(2) Individual Effectiveness: Personal/
creative output, loyalty/commit-
ment/dedication, personal growth,
motivation, influence on others.

(3) Group Effectiveness: Group
productivity, morale, team spirit,
adaptiveness to changes.

(4) Organizational Effectiveness:
Overall productivity, responsive-
ness to environment, values-
beliefs-attitudes of managers,
employee/union relations, employ-
ee empowerment, turnover.

The TQ/HRM Plan must incor-
porate the most essential provisions for
a Training and Development Program
and a plan to prepare, implement and
audit Policies and Procedures for all
functional groups. Since there are no
easy tangible items (as in Engineering,
Construction, or Manufacturing) asso-
ciated with TQ/HRM inputs and out-
puts, one has to contend with subjec-
tive and quali-tative rather than quan-
titative considerations.

The TQ/HRM System, to be ef-
fective, has to address the total organi-
zational needs, functions, and ultimate

success of the business.

being in the organi-
zation.

Everyone in the organization, by
virtue of merely being there, has a com-
mon stake in the organization's well-be -
ing. He or she has to contribute by par-
ticipating in decision-making/executing
in a manner relevant to his/her position.
By incorporating TQM into the HRM
system, the need to improve all servic-
es performed by the HRM group, and
to set an example for others in TQMi-
zation, is experienced readily. Success-
ful operation of the TQ/HRM will be
reflected in effectiveness output of the
individual, group and overall organiza-
tion as mentioned above.

Special Focus Under TQ/HRM
Policies & Procedures (P&Ps)

This is a major area of activity not al-
ways made a part of HRM. Adding the
policies and procedures activity along
with TQM related training to the re-
sponsibility of HR has proved to be a
major advantage to the success of TQM.
Once developed, P&Ps need to be con-
tinuously reviewed for practicality and
relevance in light of ongoing changes
in organizational structure, business
strategies and priorities, and work proc-
esses. A periodic (annual) audit for
compliance with procedures and poten-
tial improvements is called for in the
TQMized HRM. TQ/HRM could easi-
ly provide coordination for preparation
and upkeep of P&Ps of all functions.

By its very nature, the -

PHR — SPHR system outlook leads one Typically, the TQ/HRM system
L. Management Practices 2% 29% - hation of May include the following areas of ac-
2. Seclection & Placement 20 % 15% Into an examination o tivity. or subsystems. for which prepa-
3. Training & Development 12 % 12 % its internal and external R ¥ Y ) prep
4. Compensation & Benefits 21% 18 % environments in their r?lthFl of relevant P&Ps are worth con-
5. Employee & Labor Relations 18 % 19 % entirety so that the sys- sidering:
6. Health, Safety & Security 7% 7% -Benefits

0% 100% | tem components can be Recruitment
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-Employee Relations

-Training & Development.

-Safety & Security

-General Services

-TQM Plan

TQMization, with its inherent
requirement of P&Ps provides an excel-
lent basis for pursuing [SO 9000 Certi-
fication for internationally accepted
quality standards. It may be noted that
the essence of ISO 9000 is to have a
companywide quality management sys-
tem implemented by adequately de-
tailed P&Ps and work instructions. ISO
9000 Certification is available only af-
ter independent audits to verify proper
documentation of work processes such
that "You do what you say, and you say
what you do!". ISO standards are being
applied now in service industries as
much as in manufacturing or construc-
tion industry.

Fitness Reviews and Improvement
Teams

It is important that the organization
monitors the progress and success of the
TQ program thoroughly on a regular
basis. The effectiveness of such a pro-
gram can be assessed through what may
be called total quality fitness review.
Like a personal clean bill of health fol-
lowing a physical fitness program, this
provides an indicator of corporate fit-
ness or well-being. It is a TQM aware-
ness survey generally conducted each
year by interviewing a randomly select-
ed cross-section of employees to iden-
tify and provide their inputs on various
key areas (or, "conditions of excel-
lence") such as: human resources, cus-
tomer satisfaction, and communication.

Upon completion of all inter-
views, a final score can be quantified
with an established weightage for every
area that was discussed. Based on that,
determination is made of the organiza-
tion's strengths and weaknesses (i.e.,
opportunities for improvement!) as per-
ceived by the interviewees. This is for-
mally presented to top management for
necessary consideration. An action plan
to improve weaknesses is then formed
with quality improvement teams (QITs)
representing concerned departments in
the organization. Projects for potential
improvements are identified, and mul-
tifunctional QITs are formed to address
selected issues. No QITs are considered
for issues that fall within normal respon-
sibilities of the responsible functional
groups.

Issues of lasting interest, such as,
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procedures improvements or effective
statistical process control, may require
permanent, on-going QI Ts. Team mem-
bers and leaders in such cases may be
changed annually with a view to get
maximum employee involvement, to
generate overall team spirit, and also
bring in a fresh perspective of processes
and problem issues. Special leadership
training is organized for assigned team
leaders. It includes indoctrination to
the tools and techniques employed in
TOM projects.

TQ/HRM Training

Emphasis on developing, training and
managing people is of real importance
to both HRM and TQM. Training and
development (T&D) is the essential
process to ensure employee motivation
as well as satisfaction. A total systems
approach for a T&D program would
consider the craft skills, technological
skills, techniques/procedural skills, hu-
man relations/communication skills
and conceptual-analytical- decision-
making skills, to be acquired by person-
nel at appropriate levels of operation.

The philosophy and practice of
TQM and HRM are amply defined, re-
fined, tested and proven separately so
far. Combining the two entities into one
operation or undertaking is the essence
of the transition to TQ/ HRM. Train-
ing becomes a part of the TQMization
project. To give a real TQ/HRM orien-
tation to that, the program developer/
expert has to have lived in the TQM
world in some capacity or another, and
has to possess a thorough knowledge of
its uniqueness, the underlying philoso-
phy and practices.

The uniqueness of TQMization-
al training is that the training program
typically goes on continuously with
growing awareness and preparedness of
the organization to embrace TQM as a
way of corporate life. Another key as-
pect of this is the learn-as-you-do and
do-as-you-learn approach, and the
trainer's role as a consultant such that
TQOM training continues as TQM is
being implemented, in phases. To be
truly comprehensive and effective,
training programs have to cover all
technical staff, and also offer appropri-
ately modified version for other func-
tional groups, such as, purchasing and
contracting, personnel administration,
computer services, finance/accounting,
etc. This helps develop a common
knowledge base and a shared set of val-
ues.

Conclusions

People are the greatest asset for any or-
ganization. However, it is probably too
obvious to be recognized in practice. It
is a most cherished concept among HR
professionals, and the least fulfilled in
reality. People satisfied with their own
performance and mutual support, and
their interaction with management, are
more likely to lead to customer satis-
faction by producing quality goods and
providing quality services.

Quality management means good
management, and can be a provider of
motivation and job satisfaction in ex-
change of dedication and performance
with satisfactory results. As a corporate
function, HRM is a natural contender
to lead and coordinate the company-
wide TQM project. The emerging new
role for TQ/HRM, that is, HRM pro-
viding a home for TQM, calls for HR's
participation in establishing corporate
strategy, policies and procedures, and in
TOM related activities like quality fit-
ness reviews and improvement teams.

Such correlation between HRM
and TOM has come to the fore in re-
cent times, which upgrades HRM's role
in the organization and enhances its
value to management. Organizational
transition to the new TQ/HRM entity
is quite imminent. The HRM function
will have to restructure itself by incul-
cating the TQM ideology and expertise.
This may have to be linked with com-
pany's strategic business planning for
total effectiveness. HRM is most suita-
bly poised at this time to provide the
leadership in the TQMization project,
and to ensure customer satisfaction
through employee satisfaction.

Dick Sharad
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Gaithersburg, MD 20878, USA
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This paper discusses processes to follow and techniques to use while performing the risk management function
in the small and medium sized projects with low and medium complexity levels. The first part deals with the
relations between project characteristics and the project risk management process. Then a simplified eight
phases risk management process is proposed in case of small and medium sized projects with low and medium
complexity levels, establishing the possible risk analysis techniques to use in relation to the project size and
complexity. Finally, an example of simple project risk management process for cases of small sized projects is
suggested. This process is also recommendable for any kind of project sizes and complexity levels when it is the
first time the company applies project risk management ("zero" situations). The paper includes various practi-

cal rules and recommendations in relation to all the aspects covered in it.

Classifying the project. Relations
between project characteristics
and the project risk management
process.

The ways of distinguishing between
small, medium and large projects are
diverse, and the limits between sizes are
vague. Table 1 is an example of classifi-
cation of construction projects accord-
ing to their size in man-hours, included
in the internal documentation of a com-
pany for a purpose different from project
risk management. Table 2 shows a sim-
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Table 1. An example of classification of
construction projects according to the
project size in man-hours (*)
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ple and interesting classification of con-
struction projects established by
Brown&Root Inc. (1993). The reader
can find other suggestions to classify
construction projects by size, as the ones
proposed by Bent (1990), which classi-
fication limits can be quite different to
the proposed in Tables 1 and 2.

We consider that two different
size aspects must be taken into account
when establishing the processes and
techniques to deal with risk in projects.
The relative size of the project is the
first one. The relative size of a project
is the relation between the project
budget and the capitalisation of the
company that undertakes the project
(Turner and Payne, 1997). For exam-
ple, we can say that a project has a large
relative size if the budget is of the order
of the company capitalisation, a medi-
um relative size if the budget is of the
order of 1/10 of the company capitali-
sation, and a small relative size if the
budget is of the order of 1/100 of the
company capitalisation. This relative
size establishes the importance of the
project for the company, and so the
need to use complete project risk man-

agement processes as the one proposed
by Chapman and Ward (1997). Short-
cuts can be accomplished over a com-
plete project risk management process
when the relative size is small or medi-
um.

The second aspect is the absolute
size of the project. The absolute size of
a project is related to the project budg-
et. For example, we can say that a
project is small sized if the budget is
under US$ 25 millions, medium sized if
the budget is between US$ 25 and 100
millions, and large if the budget is over
US$ 100 millions. There is a relation
between the absolute size of a project
and the techniques to use in the risk
analysis process. When the size is large
the budget allows to use even the more
sophisticated quantitative analysis
techniques from the broad variety ex-
istent. Decision trees, combined or not
with other probabilistic techniques (as
can be Bayesian theory or semi-Mark-
ov processes) (Chapman, 1979; Coop-
er and Chapman, 1987), probabilistic
influence diagrams (Huseby and Sko-
gen, 1992), system dynamics (Cooper,
1997; Forrester, 1961; Rodrigues, 1994;



cated quantitative

Criteria/Size Small Medium Large .
analysis  tech-
10° engineering man-hours <15 15-50 >50 niques exist.
Dealing
Cost in 10° US$ (1993) <25 25-100 >100 with complexity
Time span in months <9 9-18 >18 and the definition

Table 2. Classification of construction projects according to

different criteria (Brown&Root Inc., 1993)

Rodrigues and Bowers, 1996), process
simulation (Ahuja et al, 1994; Carrol,
1987; Mesterton-Gibbons, 1995), risk
mapping (Al-Bahar and Crandall,
1990), analytic hierarchy process (Ali-
di, 1996; Badiru and Pulat, 1995; Saaty,
1980), or combinations of these tech-
niques can be used when the budget is
medium-large and large. Even Control-
led Interval and Memory theory (Chap-
man, 1990; Chapman and Ward; 1997
Cooper and Chapman, 1987) or fuzzy
logic (Coffin and Taylor, 1996; del
Cafio, 1992; Gazdik, 1983; Kangary and
Boyer, 1987; Kangary and Leland, 1989;
McCahon, 1993; Nguyen, 1985;
Schuyler, 1996; Tah, 1997; Wu and
Hadipriono, 1994; Ward, 1985), with-
out available commercial software,
could be used in special cases of large
projects. On the contrary, only qualita-
tive assessment or even only checklists
to identify and assess risks and respons-
es can be used when the budget is ex-
tremely reduced.

On the other hand, the process-
es and techniques used to deal with risk
in projects are also related to the project
complexity. A project can have two dif-
ferent kinds of complexity. We will re-
fer to "direct" complexity to the one
related to differentiation and interde-
pendence between the elements or sub-
systems of a project. This is the com-
plexity in the sense expressed by Bac-
carini (1996) and that is called struc-
tural complexity by Williams (1997).
We will call "indirect" the other kind of
complexity, that is related to aspects
different from differentiation and inter-
dependence. That aspects are more in
the line of "complication" and use to
have the consequence of generating
more interrelations between the subsys-
tems of the project (Williams, 1997).
Uncertainty is one of the main sources
of indirect complexity. Finally, the need
to use complete project risk manage-
ment processes increases with project
complexity (direct plus indirect com-
plexity); shortcuts can be accomplished
when complexity level is small or me-
dium. And also the more complex is a
project, the more need to use sophisti-
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of project risk
management
processes and
techniques, let's note that an aspect
related to project complexity is the kind
of project in the sense referred to by

Turner and Cochrane (1993). The de-

gree of definition of project objectives

and the degree of definition of the
methods to achieve those objectives are
the two criteria proposed by Turner and

Cochrane to classify projects in order

to define the launching process. As Wil-

liams (1997) indicates, those aspects are

a source of complexity (indirect com-

plexity) because, in case of poor defini-

tion of methods and/or objectives, more
feedback loops will be developed to un-

dertake the project. It's obvious that a

poor definition of objectives and/or

methods is a source of risk, meaning
that the probability of rework will be
high. Turner and Cochrane establish
four types of projects, as a function of
objectives definition (poor defined, well
defined) and methods definition (poor
defined, well defined). And then they
suggest different ways of launching the
project in relation to the type of project.

That four types of projects are:

- Type 1 (earth): engineering
projects. Normally in these
projects the objectives and
methods can be well defined.

- Type 2 (water): product develop-
ment projects. Normally in these
projects the objectives can be well
defined, but not the methods.

- Type 3 (fire): systems development
projects. Normally in these
projects the methods can be well
defined, but not the objectives.

- Type 4 (air): research and organi-
zational change projects. Normally
in these projects neither the
objectives nor the methods can be

well defined.

Besides that, a capital program
may include several projects with dif-
ferent size and type (Turner and Payne,
1997). In that case the program risk
manager must take into account the
more problematic project within the
program to establish the general ap-
proach for the global process, and the
individual risk management for each

project will be influenced by the project
characteristics and also by the program
needs.

In general terms the aspects re-
lated by Turner and Cochrane (1993)
imply an added indirect complexity to
the project. If the risk management is
to apply to a normal construction
project those aspects are not applica-
ble, and we are in a typical engineering
(earth) project. If the risk management
is to apply to a capital program, those
aspects must be taken into account.

So the definition of possible short-
cuts to a complete risk management
process is influenced by the complexity
and the relative size of the project. And
the kind of risk analysis techniques to
use is influenced by the complexity and
the absolute size of the project.

Taking that into account, the
problem is to define possible simplified
processes and possible analysis tech-
niques to use in small and medium sized
projects with low and medium complex-
ity levels, that are the most frequent
projects.

The project risk management
process in case of small and
medium sized projects with low
and medium complexity levels

The phases of a risk management proc-
ess in case of small and medium sized
projects with low and medium complex-
ity levels can be the following eight:

1. Project.

. Process.
. Identification.
. Analysis.

. Evaluation.

o Lt W N

. Planning and immediate
actions.

7. Monitoring and control.
8. Post-process learning.

This eight phases process is a sim-
plification of a complete project risk
management process for large projects
developed by the authors as part of a
research project funded by the Univer-
sity of La Corufia (Spain). The com-
plete process (de la Cruz, 1998) in-
cludes a total of twelve phases and will
be a matter of forthcoming publications.

This complete process is based on
an analysis of the previously published
project risk management processes and
on the professional experience of the
authors (in positions of project engineer,
control engineer, project manager and
Operations Manager at construction
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project management companies, work-
ing on the conception, design and man-
agement of small, medium and large
construction, environmental and ur-
ban-planning projects) combined with
aset of interviews to professionals in the
construction sector with experience in
domestic and international construc-
tion projects.

References that have been taken
into account are Al-Bahar and Cran-
dall (1990), Archibald and Lichtenberg
(1992), Chapman (1979, 1997), Chap-
man and Ward (1997), Clark et al
(1990), Down et al (1994), Grey
(1995), Klakegg (1997), MoD(PE)-
DPP(PM) (1991), Project Management
Institute (1996), Reitan and Hauge
(1997), Simon et al (1997) and Wide-
man (1992).

The professional experience of
the authors (in positions of project en-
gineer, control engineer, project man-
ager and Operations Manager at con-
struction project management compa-
nies, working on the conception, design
and management of small, medium and
large construction, environmental and
urban-planning projects) combined
with a set of interviews to professionals
in the construction sector with experi-
ence in domestic and international con-
struction projects.

Figure 1 includes the basic flow
diagram for the simplified project risk
management process, only including
the basic feed-back loops. The first
phase (project) is directed to gather and
summarize the existing information
about the project, and then to identify
and generate other risk related neces-
sary info. For that purpose it's impor-
tant to consider the six basic questions
(the six W's: Who?, Why?, What?,
Which way?, Wherewithal?, When?)
referred to by Chapman and Ward
(1997). It's also very important for the
other process phases to define now the
hierarchy for the several project objec-
tives. Finally this phase must establish
the project success measure factors, the
objective related limits that will define
the success or failure of the project and
other non quantifiable project success
aspects.

The second phase (process) is
first-of-all directed to define:

- the stakeholders in the project risk
management process, beginning
with the process clients identifica-
tion,

- the several motivations to develop
the process,
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- the process scope (methodology
and techniques),

- the time and cost objectives for
the process,

- and the hierarchy for the several
process objectives.

After that, the second phase must

plan the process in the same way that a

project is planned. In case of small and

medium projects, and specially in case
of small and very small projects, the
scope or even all the aspects in this
phase can be covered by a standard cor-
porate procedure to reduce the risk
management work to do by the project
team.

The third phase (identification)
must:

- Identify all the risks and opportu-
nities for the project. A practical
rule on the number of risks to
concentrate the risk management
process in normal cases can be to
establish the 5-15 main risks, in
case of small projects, or the 10-20
main risks in case of medium
projects. This doesn't implies to
forget the other risks. It's a ques-
tion of prioritize. A simple way to
prioritize risks in this phase can be
a qualitative estimation (for
example, insignificant, low,
medium, high, catastrophic) of the
expected value (probability times
impact) for each risk. Any way,
let's note the bi-dimensionality of
risk (Williams, 1996). Using only
the expected value can lead to
deceive oneself. Not only expected
value is important, but also the
probability and the impact. So if
the project has a minimum of
importance a better way of
prioritize is to establish a qualita-
tive estimation for probability and
impact (for example, 5=insignifi-
cant, 4=low, 3=medium, 2=high,
1 =catastrophic), and to prioritize
by probability, by impact and by
the product of probability and
impact.

- Identify the several alternative sets
of responses to the identified risks
and opportunities.

- It's obvious that a specific response
can be the source of a new risk.
For example, to compress the
schedule can cause a decreased
product quality, can cause a cost
overrun, and can influence over
the human resources motivation if
the introduced stress is excessive,

among other consequences. So
now it's necessary to identify the
"secondary" risks following to each
response. And after that, the
responses to the secondary risks
must be identified too. In special
cases of medium complexity levels
can be necessary another loop to
deal with a third level of risks. In
case of very small sized and low
complexity level projects a simple
risk-response identification can be
enough.

- Finally, the alarm signals or trigger
events must be identified, as
signals driven to establish the
moment to implement corrective
actions.

This is the moment to use exist-
ing corporate risk databases, standard
check-lists, risk and response lists from
other projects and final review reports
from past projects (generic or specifi-
cally related to risk management). In
case of small and medium projects is
more than recommendable to generate
corporate databases and check-lists for
the purpose of this phase, in order to
reduce the work to do by the project
management team.

On the other hand, it's highly rec-
ommendable to verify the results of this
phase with the help of other sources
outside the project management team,
inside or even outside the company.
This can be achieved through individ-
ual interviews (using or not the Delphi
technique) and/or through panel dis-
cussions (that can be traditional struc-
tured or brainstorming meetings).

The fourth phase (analysis) is in-
tended to establish one (or more) risk
model(s) for the project. This is the
moment to deeply analyse risks and re-
sponses to build the base for the next
phase. The first step in this phase is to
formulate the problem, establishing the
purpose and the boundary conditions
for this phase and, then, deciding the
risks that will be taken into account in
the model and the risks that will be ex-
cluded (insignificant risks) by the mo-
ment. The second step is to build the
risk model(s) for the project. The mod-
el can be as simple as a table summariz-
ing activities, risks, responses and the
main interrelations. If considered nec-
essary, this is the moment to establish a
mathematical model taking into ac-
count the software that will be used to
run the model. This software will be
normally a commercial package or a
small set of packages, in the cases we



deal. Below is included more informa-

tion related to this kind of software.

Standard models can be used in cases

of projects with many historical infor-

mation and/or in cases of medium or
small projects with low complexity. Fi-
nally, the last step in this phase is to
contrast the established model check-
ing it with the identification phase re-
sults and with the project planning.

The fifth (evaluation) phase
must:

- Estimate the uncertainty related
to the several model (models)
parameters. This will lead to a
definitive prioritization of risks.

- And, finally, introduce the
parameter estimations in the
model to evaluate the general risk
situation by project objectives
(scope, time, cost, quality) and
even the general situation at the
project level (profitability).

In case of low complexity levels
these phases can be reduced by a cor-
porate procedure including a check-list
that the project team and the other risk
management participants must follow
and fill. An example of this will be ex-
plained below (Table 3).

In case of medium sized medium
complexity level projects a complete
analysis phase can be developed, using
non sophisticated modeling techniques.
For example, range estimation (triple
estimation adjusted to a distribution
function) can be developed for the
project activities duration, and then a
Monte Carlo simulation (Willis, 1986)
can be developed on the project sched-
ule. Several software add-on tools are
available for that purpose, as can be
Opera for Open Plan (Wellcome Soft-
ware, USA), Monte Carlo for Primav-
era P3 (Primavera Systems, USA),
@Risk (Palisade, USA) for Microsoft
Project or Risk+ (Project Gear, USA)
for Microsoft Project. Some of these
packages also perform Monte Carlo sim-
ulation for the project budget purpose.

Anyway, simple all-purpose soft-
ware packages like @Risk (Palisade,
USA) or Definitive Scenario (Defini-
tive Software, USA) can perform range
cost estimating (or other project man-
agement functions risk analysis), Mon-
te Catlo simulation and sensitivity anal-
ysis. @Risk (Grey, 1995) is an add-on
to Excel or Lotus 1-2-3 with specific risk
functions that automates Monte Carlo
simulation and sensitivity analysis. De-
finitive Scenario (Huseby and Skogen,
1992) (Definitive Scenario is product
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based on DynRisk by TerraMar, Nor-

way), is based on probabilistic influence

diagrams. It's not an add-on to an elec-
tronic sheet, but any model build on

Definitive Scenario can include links to

existing Excel files to build a mixed

model in order to reduce the work to
do. It's not necessary much training to
develop feasibility, cost estimating, or
schedule influence diagram models for

a project. Using Definitive Scenario

each influence diagram node can in-

clude a deterministic or probabilistic
parameter, or a computation (+, *, /,

Max, Min, etc.) to calculate an output

as a function of the several inputs (ar-

rows). And each arrow can include a

function, with available functions very

similar to the financial, mathematical,
trigonometric or logic functions avail-
able on the typical electronic sheet
packages. After estimating parameters
and building the model, the software
develops a Monte Carlo simulation.

And sensitivity analysis can also be de-

veloped to have several subsequent

Monte Carlo simulation processes in

order to compare the initial situation

with the potential situations after sev-
eral alternative sets of responses are
implemented. PrecisionTree (Palisade,

USA) is an add-on to Excel and Lotus

1-2-3 to create decision trees and in-

fluence diagrams. Combined with

(@Risk, it adds the Monte Carlo simu-

lation and sensitivity analysis perform-

ance to develop the same kind of anal-
ysis as Definitive Scenario.

The sixth phase (planning and
immediate actions) includes:

- Defining the risk allocation
internally and externally to the
organization that undertakes the
project. This implies to define the
risk allocation policies, distin-
guishing between the persons or
companies that manages a risk and
the persons or companies that will
support the risk impact. It also
includes the contractual type and
clauses definition.

- Planning (re-planning) the project
and planning (re-planning) the
risk aspects of the project in the
proactive (response planning) and
in the reactive sense (contingency
planning).

- Planning the subsequent risk
monitoring.

The seventh phase (monitoring
and control) includes:

- Risk monitoring. The team must

monitor the project and its
objectives, the evolution of risks,
responses and alarm signals and
the general risk function.

- Reviews. The team must review,
periodically and when necessary,
the risk and response identifica-
tion, the analysis, the evaluation
and the planning.

- Crisis management. When crisis
arises (many times a consequence
of a bad project risk management)
the team must:

- analyse the crisis,

- implement planned corrective
actions

- and develop and implement
urgent and non previously
planned responses or worka-
rounds (Project Management
Institute, 1996; Wideman,
1992).

- As aresult of the previous steps in
this phase, periodical and excep-
tion risk reports will be issued, to
be included in periodical and
exception project reports.

An eighth and last phase is need-
ed to learn from the current project at
the end of it and to update the corpo-
rate risk databases and check-lists. It's
recommendable to issue a specific final
risk report to be included in the final
project report.

An example of simple project
risk management process for
cases of small sized projects or
"zero" situations

In case of small sized projects a very sim-
ple project risk management process
can be undertaken. It's also recom-
mendable for any kind of project sizes
and complexity levels when it's the first
time for the company (de la Cruz, del
Cafio, Dominguez, 1996) to apply
project risk management ("zero" situa-
tion).

The project risk is the possibility
of system non-compliance with some of
the project objectives, and it's associat-
ed to the probability of the non-com-
pliance event and to the potential loss
(severity or impact: scope or quality
underruns, time or cost overruns), many
times translated into monetary terms.

In this way, the risk management
will try:

- To identify the risks before they
can cause any problem.

- To evaluate those risks paying
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special attention to the more
important ones, in terms of
probability, severity and expected
value.

- To analyse the more suitable
strategies to reduce (if possible, to
a zero level) the probability and/or
the impact.

The process is a simplification of
the previously explained eight-phase
approach (Figure 1). Some of the short-
cuts for this case have already been de-
fined in the previous paragraph. Other
aspects will be explained here. First of
all, in case of "zero" situations it's high-
ly recommendable to make use of the
first time risk management is used to
develop a simple, short, formal corpo-
rate procedure covering the process. A
global view must be considered, relat-
ing the project risk management pro-
cedure to every other project aspects
and functions: general management,
planning, scope, quality, time, cost, in-
formation, communications, human
resources, procurement and project
environment (client characteristics,
stake-holders, etc.). In this way, a med-
itation about the main problem causes
and solutions must be made, classifying
the several project risks and including
all that risks in a database, and all the
possible responses in another database.
These databases must be comprehen-
sive in relation to the current project,
but not so much in relation to the com-
pany. An amount of, let's say, 50 risks
and 200 responses can be identified in
the database zero revision, including
external (predictable and unpredicta-
ble), internal-non technical, technical
and legal risks. Each risk factor can nor-
mally have a number between 5 and 15
associated responses. A specific action
or strategy can be a response for more
than one risk factor. And there can be
several alternative sets of complemen-
tary responses. Both databases (found-
ed on the existent internal and exter-
nal experience) must be incorporated
to the formal procedure, to conform a
first documentation to make easier the
identification, analysis, evaluation and
planning phases for the project team.
The software support for databases can
be as simple as any DBase, Microsoft
Access or even any normal electronic
sheet or word processing.

The first process phase (project)
must be developed at its complete scope
in any case. In this case the second
phase (process) can be included in the
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formal procedure, establishing the scope
here explained as the standard scope for
this kind of projects. Several typical
stakeholders and motivations can be
included in the procedure, to reduce
the team work. The time and cost ob-
jectives can also be more or less defined
in the procedure.

As mentioned above, the proce-
dure will include the two databases to
help the team in identifying risks and
responses (third phase). Tables 3 and 4
include an example of that databases
configuration. A secondary identifica-
tion loop can be established as option-
al.

The first database will also serve
as a check-list for the analysis and eval-
uation purpose (phases forth and fifth).
Considering the case (small sized
projects), the analysis phase is obviated
including in the formal procedure the
standard "model", defined by the iden-
tification-assessment database (Table 3)
and common to all projects of this kind.
The evaluation phase is a qualitative
one, where the project leader, leaning
on the project team, evaluates each risk
factor as a low, medium or high risk level
factor. The identification-assessment
database serves to this purpose and is
designed to make this phase easier for
the project team. When it's possible, the
database directly establishes the risk lev-
el (low, medium or high) as a function
of some accountable factor, for exam-
ple, one of the risk levels related to the
project volume is assessed as a function
of the total estimated necessary man-
hours, being 3.000 and 15.000 man-
hours the corresponding limits. So the
evaluation is sometimes based in quan-
titative aspects (e. g. the estimated nec-
essary man-hours to complete the
project, the estimated completion time,
the number of project personnel or the
number of organizations involved), but
finally the assessment of the risk level
is qualitative, because the complete
subjectivity to determine the limits, in
man-hours, for a low, medium or high
risk related to the project volume.

The planning work to do for the
sixth phase (planning and immediate
actions) can also be reduced using the
second database (Table 4). The seventh
phase (monitoring and control) must be
developed at its complete scope using
the results of previous phases and also
the two databases to review the identi-
fication, evaluation and planning. The
final post-process learning phase will
consist, as a minimum, in updating the

databases. And it's recommendable to
document the results of previous phas-
es.

The procedure and the databas-
es implies a risk management concept
applicable to the owner and the con-
tractor. A minimum process must be-
gin when the owner is conceiving the
project or when the contractor is invit-
ed to bid, trying to avoid unfavorable
project conceptions or unfavorable con-
tracts.

The simplified process and the
formal procedure are very simple and
low time consuming for the project
leader and for his/her team. There is an
initial hard work while studying the
project. Then a very reduced work
while performing the second phase.
And a certain work of meditation, then,
while reading, completing (if necessary)
and evaluating the risk factors con-
tained in the database. This can be
based in a project team "brain-storm-
ing". At the end of the evaluation phase,
the project manager will write a report
(in one or two pages) summarizing the
results of phases one to five, and add-
ing the filled check-list related to the
first database.

Once the risk factors and levels
are established, the planning for the risk
response is performed by the project
team at the same meeting and with the
help of the second database. The for-
mal procedure must make the project
manager know that a specific response
can improve the situation related to a
risk factor, but in parallel can increase
the risk level in other project areas. A
better way of reflecting that reality in
the procedure is to include in the sec-
ond database the possible secondary ef-
fects for each response. Finally the re-
sponse plan is built as a part of project
plan (writing the project team a report
in 2-5 pages), and both are implement-
ed. The corresponding report is com-
municated to the General or Opera-
tions Manager.

To begin as soon as possible and
to make a continuous process are two
key aspects. The later the risk is identi-
fied, the bigger the impact may be and
the bigger the difficulty to respond. In
that sense, the identification, the eval-
uation and the planning phases will be
revisited. So the procedure must estab-
lish a feed-back iteration always when
an important event occurs, and also pe-
riodically all along the project life cy-
cle. For example, a minimum of one it-
eration for projects shorter than 4



months can be established. In case of
longer projects the review can take
place, for example, every two months.
When a new risk factor is identified, the
project manager, according to the for-
mal procedure, must increase the data-
base with it, and with the correspond-
ing assessment "formulas" and respons-
es.

After a continuous minimum use
of, let's say, 10-15 projects or 1-2 years,
the process could be increased in its
scope, including more sophisticated risk
analysis tools. But this will not be ad-
visable if the initial implementation was
difficult, or its utilization costs were
higher than expected or profitless than
expected, or the increased risk manage-
ment system will be much more expen-
sive than this simple version. It's also
important to achieve a "fun" perspec-
tive of risk management.

So, after that period of system
testing and assimilation by the compa-
ny culture (depending on the actual
acceptance and effectiveness), it is pos-
sible to more or less (as a function of
project complexity and of project abso-
lute and relative size) increase the sys-

tem scope in the ways already referred
to in paragraph 3. As mentioned, the
only conditions will be easy to use tools
and low time consuming.

Benefits of using this kind of
processes

There are many benefits that can be
obtained from using this kind of proc-
esses in a correct way. Some of that ben-
efits can be:

- All project aspects and objectives
can be better understood from the
early project phases and, so, a
more realistic project planning can
be achieved.

- The uncertainty assessment is
more realistic and the project
objectives definition can be
improved.

- There will be an improved com-
munication flow between the
project team members and be-
tween the project team and the
other stakeholders, in a context of
data exchange that will stimulate
the reflection and cooperation
between the project participants.
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A more detailed information is
available to plan the project and,
in general, to make decisions.

The reasons to make decisions are
adequately documented, so there
will be a learning process for future
projects.

The contingencies planning and
the contingencies budget and
reserves will be better documented
and supported.

Corporate experiences and
knowledge are documented for
future projects using data bases
and procedure manuals. After a
transitional period, that documen-
tation will allow easier and
quicker actions. Besides that, all
the company personnel will share
the experiences and the knowl-
edge.

In certain circumstances, the
company can achieve cost reduc-
tions when contracting specific
insurance policies.

In general, cost reductions can be
achieved. Nielsen and Galloway
(1992) say that an adequate
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Table 3. An example of project risk identification

and assessment database
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Table 4. An example of project risk response database
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project risk management can
achieve a minimum of 5% of cost
reduction. That aspect will be a
competitive advantage to sell the
product or to win contracts.

- Documenting the risk aspects will
also allow the company to bid in
less time and at a less cost.

- An adequate risk management
will facilitate the definition of the
most suitable contract type for
every procurement to undertake
in the project.

- An adequate risk management
will allow to take advantage of the
project opportunities, and that
will facilitate to achieve or even to
exceed the project objectives.

- The project management will be
more proactive (less reactive),
anticipating and controlling the
possible future events.

- The confidence, calm environ-
ment that can be achieved when
the project team know that the
real implications of uncertainty
and risk have been analysed and
included in the project plan.

- The project manager will acquire a
feeling of really being leading the
project, instead of the frequent
feeling of being led by the project.

- A reduction of the probability of
sub-optimal project execution
and, so, higher opportunities of
success for the project.

The reader can find more achiev-
able benefits of using this kind of proc-
esses in Association of Project Manag-
ers (1992), Chapman and Ward (1997),
Clark et al (1990), Nielsen and Gallo-
way (1992), Reitan and Hauge (1997),
Simon et al (1997), Ward and Chap-
man (1997) or Wideman (1992),
among others. And all that benefits can
be achieved by all the project partici-
pants (owner, contractors, sub-contrac-
tors) in any type of contract (tradition-
al, turn key, BOT).

Conclusions

In a very competitive environment, as
the construction market is, it's neces-
sary to develop a correct project man-
agement culture and to use adequate
project management techniques, and
that also includes the project risk man-
agement functions.

The definition of possible short-
cuts to a complete risk management
process is influenced by the complexity
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and the relative size of the project. And
the kind of risk analysis techniques to
use is influenced by the complexity and
the absolute size of the project.

Even in the large construction
projects the management solutions for
the risk response should be simple. In
case of small and medium sized projects
with low and medium complexity lev-
els, the process here suggested (summa-
rized in Figure 1) avoids the use of so-
phisticated computer systems and
mathematical methods, which cost, in
addition, can be difficult to support in
that kind of projects. It is a simplified
eight-phases risk management process
with the following phases:

1. Project, to study the current
project and the possible aspects
that are sources of uncertainty.

2. Process, to define the project risk
management process stakeholders,
motivations and characteristics.

3. Identification of primary and
secondary risks and responses, and
also of project opportunities.

4. Analysis, to establish a model (or
models) for the risk evaluation
purpose.

5. Evaluation, to quantify parameters
and model(s) uncertainty. This
phase can be reduced to a qualita-
tive evaluation in cases of small
sized projects.

6. Planning for risk (proactive and
contingency planning) and
immediate actions, including risk
allocation, contractual type and
clauses definition and the plan-
ning of the subsequent risk
monitoring.

7. Monitoring and control. Including
monitoring the project, its objec-
tives, the risks, the responses, the
alarm signals and the general risk
function. It also includes the
necessary feed-back loops to
previous phases and the crisis
management. As a result of
previous steps in this phase,
periodical and exception reports
will be issued.

8. Post-process learning, and updat-
ing corporate risk databases and
check-lists.

The paper also suggests possible
risk analysis techniques to use in rela-
tion to the project size and complexity.
Range estimation, decision trees and
probabilistic influence diagrams com-

bined with Monte Carlo simulation and
sensitivity analysis are suggested to use for
feasibility, scheduling, budgeting and
quality purposes. And several alternatives
of commercial software packages to be
used are commented.

It's also suggested an extra-simpli-
fied process and a formal procedure in
case of small sized projects and/or envi-
ronments where this is the first time a for-
mal procedure to manage project risks is
used. This process is based on standard
corporate check-list databases (Tables 3
and 4) to help the team to identify, assess
and respond to risks.
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Measurement

The article provides a framework of three important approaches for managing the business in a project compa-
ny in profitable manner. First, deriving company income statemgnts from project data is discussed. Second,
timing principles of recording costs and income are considered, aiming at an implication that rather future
than past income statements and future profitability are derived from project data. Deriving forecasts of future
profitability instead of sticking to past or current status enables proactive management in the company. Third,
principles of applying budgets and estimates as well as using the data associated with bids and not just that of
order book projects are discussed. Such project related organized budget, estimate, and bid data allows deriving
future income statements as forecasts of future profitability. As the principle of how the company and its
projects are organized as a whole is the basic important aspect in this context, organizational and management
accounting frameworks are first elaborated as the basic important structures and management practices enab-

ling the suggested features.

Introduction

Basic management accounting princi-
ples are introduced for managing prof-
itability of the overall business consist-
ing of the project flow in a project com-
pany. Management accounting princi-
ples applied in project companies such
as large engineering companies and
major process plant turnkey supplier
organizations forms the empirical back-
ground of the discussion.

The organizational and manage-
ment accounting framework and calcu-
lation principles introduced allows de-
riving company income statement from
project data. Principles of arranging the
organizational structures allow appro-
priate calculation. The important prin-
ciples include accounting practices as-
sociated with borrowed and lent re-
sources, income recognition, project
budgets, updating project estimates,
deriving committed costs from purchase
orders, and taking into account bid in-
formation that will contribute to future
profits.

The aim is to provide a concrete
tool for managing future profit accumu-
lation not only at the level of single
projects, but at project portfolio level

Page 62

as well. Applying budgets and continu-
ous estimate updating enables report-
ing of estimated profit accumulation -
at all levels from company income state-
ment level to business units and further
down to projects, sub-projects, and sep-
arate sub-project items. The aim is to
enable proactive management practic-
es that support precautional corrective
actions.

The article first introduces impor-
tant basic principles of establishing or-
ganizational structures and related
management procedures in a project-
oriented company. After elaborating
this basic important organizational and
management basis, deriving of compa-
ny income statements from project data
is discussed. Early timing principles of
recording costs and income enable de-
riving future income statements as fore-
casts of future profitability. Principles of
applying budgets, estimates as well as
organizing the data associated with pur-
chase orders and bids are discussed as
means of recording costs in an early
stage. Income statements of future pe-
riods ca be derived from such project
related data.

Research Methodology and
Introduction to Existing
Research

The analysis conducted results to a con-
ceptual framework for managing and
organizing a project company. The re-
search methodology for constructing
such a conceptual framework is basical-
ly decision-oriented - or management
science oriented (Neilimo, Nisi 1980,
Kasanen et. al. 1993). The article in-
cludes theoretical reasoning of a frame-
work suggested for managing project
companies. The empirical organization-
al model and management practice de-
velopment occurred in large process
plant turnkey supplier organizations
forms the empirical background of the
framework presented. The reasoning is
partly based on the author's experience
and insight obtained when developing
the field empirically when working for
a major turnkey supplier of power
plants, power transmission lines and
other energy systems. The article could
be thought of as a first basic theoretical
construction of the framework, and in
the future there will be empirical case
and other studies that will build on this
framework study.



There are not many studies that
provide theory of project business.
Projects and the management of single
projects are important vehicles in the
management of a project company.
However, within the company manage-
ment context such company manage-
ment oriented areas as strategic and
operative management and problems of
organizing for project sales and market-
ing, easily overrule the problem of just
concentrating on executing a row of
single projects successfully.

The existing project management
standards concentrate on providing
definition and content for project man-
agement in the context of managing sin-
gle projects (see PMBOK 1996, ISO
10006, 1997). In the project company
side, a project company model is derived
and project business is outlined by Art-
to et. al. (1998). The other few existing
studies that can be thought of being
closer to the project company field con-
centrate on the 'management by
projects' principle, the specific areas of
project sales and marketing and systems
selling, and specific aspects in the
project company business context as a
whole.

'Management by projects' intro-
duced in more detail by Turner (1993)
and Gareis (1994, 1996) refers to an
organization's way of conducting its
work and tasks in a project form. In such
an organization, projects cross the or-
ganizational department boundaries
and may get their resources, say, from
the hierarchical functional organiza-
tion. Management by projects means
applying project management to the
management of organization's ongoing
operations. Applying this approach
means that planning and executing
projects and applying project manage-

Company

ment are important parts of the overall
management effort. Also Cleland
(1994) discusses projects as tools in an
organization that should be used to con-
tribute to execution of organizational
strategies, objectives, goals and mission.
The project sales and marketing aspect
is discussed in Ahmed (1993), Cova et.
al. (1993), Gunter, Bonacorsi (1996)
and Holstius (1989). Business aspects
of a project company from a wider con-
text are discussed in Kosonen (1991)
and Robinson (1988).

The article discusses the econom-
ic and management accounting side of
the new paradigm concerning manage -
ment of a project company and project-
oriented business. The important basic
organizational aspects and management
practices of a project company are dis-
cussed by Vilimiki (1996). Séderholm
(1997) introduced notions on manage-
ment accounting and accounting sys-
tems approach in project-oriented com-
panies. The discussion in this article is
to a large extent based on Artto's
(1998a) discussion of management ac-
counting in a multi-project environ-
ment. The article elaborates further the
project company model and project
business theory by illustrating an organ-
izational model and developing a man-
agement approach in the area discussed
previously by Artto et. al. (1998),
Vilimiki (1996), Séderholm (1997)
and Artto (1998a).

An Organizational and A
Management Accounting
Framework

Company and Project Structures in
the Organizational Context of
Business Processes

In the following, basic elements of the

Level 0: Company

o

Level 1: Business Unit

Level 2: Product/Project Type

Project

()

)

Level 3: Customer Clusters

Level 4: -

Level O: Project
Level 1: Sub-project
Level 2: (Component, Task)

Level 3: -

Figure 1. Company Structure and Project Structure
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organizational framework are illustrat-
ed in order to provide a foundation for
appropriate management practices and
management accounting in a project
company. Company structures and
project structures are shown in Figure
1. The company organization is subdi-
vided into business units (or resource
units respectively, c.f. the later discus-
sion about resource pools). Business
unit subdivisions and further subdivi-
sion of the organization are often based
on criteria about product or project
type, customer, and geographical area.
Project structures represent descrip-
tions of the work to be done in the
project; project structures are formed by
subdivisions based on a mixture of com-
ponents and products as deliverables of
the project, and tasks as description of
work and activities to be conducted.
Projects are first subdivided into sub-
projects, and then further to lower lev-
el items.

The content of the project struc-
tures depicted in Figure 1 can be un-
derstood by analysing the business proc-
esses in a project company. Project proc-
esses generally can be subdivided into
project management processes and
product-oriented processes (PMBOK
1996). Product-oriented prosesses con-
ducted in projects include engineering
and manufacturing. From a structural -
and management accounting - point of
view, projects are depicted by hierarchi-
cal Work Breakdown Structures (WBS)
that define project management, engi-
neering, and manufacturing tasks.

In a project company, a project
business management process is a proc-
ess comprising management of the
whole company and its projects (Artto
1998b). From a structural viewpoint
project business management relates to
company level management rather than
management of single delivery projects.
Project business management can be
thought of being situated in a leading
role above project management, engi-
neering, and manufacturing, as it pro-
vides guidelines and instructions about
general business practices in projects,
and further, balances resources as well
as profit and risk aspects across projects
(meaning a company level project port-
folio aspect in e.g. risk taking). Project
business management includes admin-
istrative components such as:

- General administration

- Sales and marketing

- New product development
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- Development, i.e., organization-
al and process development,
research, training and education

Although at least some parts of
administrative activities are permanent
in nature, it is suggested that the costs
and resources of such administrative
efforts are recorded to a project struc-
ture, too. The term administrative
project is in the following used to indi-
cate to company's internal efforts such
as general administration, sales and
marketing, and development. Some of
the administrative efforts are real
unique project-wise efforts that may be
managed as projects (see e.g. discussion
of organizing project sales and market-
ing in Vilimaki 1996). However, al-
though some part of the administrative
work is not of project nature, it is sug-
gested that uniform management prac-
tices are applied by constructing anal-
ogous project structures for administra-
tive projects as in case of e.g. external
delivery projects. Actual costs, budgets
and estimates of administrative efforts
in the whole company are then suggest-
ed to be recorded to project like struc-
tures. However, the difference between
administrative and delivery project ac-
counting is in recording income: admin-
istrative projects are not invoiced from
customers but only costs and not sales
income is recorded to them.

The hierarchical structure of an
administrative project could be the fol-
lowing (see Figure 1). Level zero will be
titled according to the owner organiza-
tion unit (see Figure 2 illustrating the
organization units as owners of project
structures), e.g. administrative project
of the resource unit 'Electric Engineer-
ing Services'. First level of the adminis-
trative projects defines standard items
such as general administration, sales
and marketing, and development. Sec-
ond level then, may be a standard sub-
division of items, or may include cer-
tain project like efforts with a specific
start and end date, e.g., a customer spe-
cific marketing effort, or a product spe-
cific development task.

Company and Project Structure
Interaction - Projects in a Company

The project company organization with
project and resource interaction is il-
lustrated in Figure 2. The organization
in the figure is subdivided into a re-
source pool side a project pool side. In
the figure, there are two business units
in the project pool side that own exter-
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Figure 2. Projects and Resources in the Company - the Ownership Aspect

nal delivery projects, and there is one
resource unit in the resource pool side.
In general, the subdivision into project
pools and resource pools is not so clear.
Usually there are several project and
resource clusters in different levels of
the organization. For example, in mod-
ern organizations there are competence
centers situated to different parts and
different levels of the organization. The
principle of a competence center cor-
responds to what is discussed here con-
cerning the resource pool part of an or-
ganization. However, although there
may be several project pools and re-
source pools at different levels of the
company organization, for clarity rea-
sons, our discussion is based on the il-
lustration in Figure 2. The figure pro-
vides us a platform of clear distinction
between the project pool and the re-
source pool at the very top of the or-
ganization.

As we discuss resources and re-
source usages, we make here an assump-
tion - again for clarity reasons - that we
refer to individuals and their man-
hours. However, the principles dis-
cussed in the following can be general-
ized i.e., they are applicable also with
other resources types. Figure 2 illus-
trates the feature that resources are
owned by company organization units.
The majority of resources are owned by
the resource pool, but there are certain
amount of employees that are owned by
organization units in the project pool
side as well (e.g. project managers,
project sales and marketing staff). Ex-
ternal delivery projects are owned by
organization units in the project pool
side. The ownership of projects is
marked in the figure by arrows (dotted
line). The arrows indicate the organi-
zation unit where the project (or lower
level item in the project hierarchy) be-

longs to. The arrows also indicate simul-
taneously the organization unit where
the project profit is accumulated to.
Note that it is not necessary that the
whole project is owned by one single
organization unit. The ownerships can
be defined at sub-project level, or at
even lower levels as illustrated in the
figure. If the ownership of a project is
shared e.g. by two organization units -
say the other being responsible for the
civil works sub-project, and the other
for electrification sub-project - the sales
income invoiced from the customer
should be shared and recorded internal-
ly at least down to the sub-project lev-
el. This way, sales income is accumu-
lated in both sub-projects, and balanc-
es the cost incurred in the sub-projects,
enabling that both sub-projects are prof-
itable. The income from both sub-
projects are then summed up to both
owner organization units. However, in
any case, the project remains as one
entity, of which the project manager is
responsible for. The arrangement to
share the responsibility and profit as
described above, will remain as a com-
pany internal scheme only; The exter-
nal customer will see only one well co-
ordinated delivery project, not two in-
ternal construction and electrification
subprojects delivered by two internal
suppliers.

It is suggested that in a project
company costs of resource usages are
always recorded to project structures
only - not to any organizational unit
directly. The principle of recording costs
to project structures applies also in case
of external costs. External (‘'material’)
costs are allocated to project structures
by recording the costs to projects from
purchase invoices (usually in the com-
pany's accounts payable system, to be
then transferred to management ac-



counting). However, from the manage-
ment accounting perspective, the case
with costs of internal resources is much
more complicated than what is the case
with external material costs. This is be-
cause of other (internal) organization
units lending the resources to borrow-
ing projects owned by other organiza-
tion units. Lending and borrowing re-
sources across organization units raises
up the problem of pricing resource us-
ages in order to compensate the re-
source loans to lenders. The manage-
ment accounting problems and solu-
tions with lending and borrowing re-
sources are discussed in the following.

Enabling Efficient Use of Resources -
Resources Lent and Borrowed

Organization units belonging to the re-
source pool side of the organization
maintain special skills of their resourc-
es. The 'business idea' of those resource
units is to provide internal services by
lending resources to projects. It is re-
quired that resource units remain com-
petitive in their field of offering special
services internally. A sign of competi-
tiveness could be e.g. that there is
enough demand for their services. The
management accounting solution of the
internal supply and demand relation-
ship would be to arrange compensations
to the lender party, and on the other
hand, allocation of the costs to the bor-
rower party accordingly.

As far as the compensation ar-
rangement is concerned, the principle
might be e.g. that the lending resource
organization unit gets, say $100 per
man-hour as internal compensation
(internal income). Accordingly, the
project as the borrowing party must let
the employee record a man-hour cost
of $100 to its project structure. The fol-
low-up of internal income and cost
transactions may be based on weekly,
bi-monthly, or monthly resource time
reports of man-hours allocated to
projects.

Naturally the internal transac-
tion cost must be agreed upon. The in-
ternal compensation arrangement
should be understood as a management
vehicle increasing the willingness of the
resource organization unit to develop
and hire its resources, and aim at effi-
cient use of resources. Also, the inter-
nal man-hour cost should be reasona-
ble from the borrower's point of view.
This way, the arrangement promotes
efficient use of resources.

This discussion about internally

Project Management 1/98

pricing man-hours means that not only
raw costs equal to the employee's direct
wage or salary per man-hour is record-
ed to the project, but in addition to the
raw costs, also burdened costs per man-
hour are used to adjust the price of a
man-hour to an appropriate level. Lev-
eling man-hour costs by using appropri-
ate level of burdened costs could also
be thought of applying cost levels that
covers also overhead costs allocated to
man-hours. The use of 'pricing' man-
hour costs with burdens is applicable
and useful especially to situations where
the lender organization unit is different
from the borrower's (project's owner)
organization unit. In situations where
an employee works for a project owned
by his own organization unit, allocat-
ing just raw costs to the project is ap-
propriate.

One principle might be to define
the burdened cost per man-hour (or
compensation per man-hour) to repre-
sent a cost level that will at an aggre-
gate level compensate internally all di-
rect costs for the resource unit at a cer-
tain demand. This principle would
probably motivate the resource unit to
target at full compensation for its direct
costs, by aiming at desired man-hour
lending magnitudes. Further, if the ag-
gregated compensation matches with
aggregated direct costs of resource units,
the burdened costs allocated to projects
represent a realistic level of what the
man-hours cost for the company. Using
such burdened costs then at the project
level reveals how each project contrib-
utes to the operating income of the
whole company.

The problem of internally pricing
of burdens is very complicated in prac-
tice, being related to the problem of al-
locating overhead costs to external (or
internal) projects and to organization
units as project owners. Application of
burdened cost per man-hour brings the
overhead costs to the project level as
burdened costs are recorded to project
structures. Whereas aggregating just
raw costs to upper levels in the organi-
zation is rather straightforward, aggre-
gation of burdened costs becomes rath-
er complicated. Major problem with
aggregation of burdened costs to upper
organizational levels is related to the
fact that burdened costs usually cover
in a complicated manner overhead
costs. Thus, burdened costs could be
thought of to cover at least some (raw)
costs recorded to administrative

projects of our framework. Consequent-
ly, aggregation must be conducted by
avoiding that costs are not taken into
account twice when summing up costs.
This is done by eliminating carefully in
the calculation those costs already tak-
en into account, as same costs record-
ed to administrative projects might al-
ready be covered by burdened costs.
Further, another and more straightfor-
ward problem area is to always elimi-
nate pairwise burdens and correspond-
ing internal compensations (internal
incomes) as opposite to costs in the ag-
gregation procedure.

Deriving Company Income
Statement from Project Data

Deriving Income Statements for
Current and Future Periods from
Project Data

Figure 2 isillustrated in a way as if there
were no administrative projects at all.
However, we may say that some of the
projects illustrated in the figure might
be administrative. As far as the figure is
concerned, at least one controversy
exist: The organization units of the re-
source pool side own administrative
projects that are left out of the illustra-
tion of the figure. As all organization
units must conduct administrative work
at least to some extent, each organiza-
tion unit must own at least one admin-
istrative project where administrative
costs are recorded. As the rule was pre-
sented above that the use of resources
and respective cost will be recorded only
to project structures - and not organi-
zation units directly, the resources must
have the possibility to record their man-
hours also to administrative projects
owned by the resource pool side units.
This occurs e.g. when there is need to
record costs and man-hours used for
training and education organized by the
resource unit.

The established organizational
framework above allows a standard pro-
cedure to plan and monitor work and
operations in a company by applying
analogous project structures for what-
ever effort performed by the organiza-
tion: All activities are seen as a part of
some project structure, and costs are
always recorded to a project structure
(owned by an organization unit).

It was suggested above that
projects are the basic structural build-
ing blocks for recording both costs and
sales income. External delivery projects
are profit-making vehicles. Costs and
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sales income are recorded to projects,
and project specific cost and income
reports are used for management of prof-
itability. Company income statements
(and also balance sheet information)
and business unit or other organization
unit specific income statements can
then be derived by aggregating project
income and cost information to organ-
ization units.

Applying raw cost applied in de-
livery projects and delivery project re-
ports means that gross income is moni-
tored at the project level. Raw cost of
man-hours correspond to the wages and
salaries paid to the employee. The gross
income of the company level income
statement is got by aggregating the gross
income from projects. The interrelation
between company income statement
and cost data recorded to hierarchical
project structures is depicted in Figure
3. The income statement of the com-
pany is illustrated at the left side of the
figure, and at the right there is an illus-
tration of a hierarchical report with
sales income, raw cost and gross income
paragraphs, the format of which allows
reporting of project structures (and any
other organization unit item above the
project, or subproject item below the
project level). Figure 3 illustrates that
from sales income data and variable cost
data of a company income statement it
is possible to drill down along the hier-
archy to organization units and single
delivery projects, and from single
projects further down to lower levels.
This occurs due to the fact that sales
income is aggregated from delivery
projects, and variable cost in an income
statement is aggregated from raw costs
recorded to delivery projects.

Further down in the income
statement, costs incurred in administra-
tive projects represent fixed costs in the

company income statement. Thus,
fixed costs in the income statement are
aggregated from raw costs recorded to
administrative projects. Deducting fixed
costs from gross income gives the com-
pany level operating income as a result.
The hierarchical approach again allows
analysis of fixed costs by drilling down
from the company level back to organ-
ization units and administrative projects
along the hierarchies (see Figure 3).

The structural and hierarchical
approach described above allows a
steady reporting possibility with the
same report format at different levels
and enables management of a compa-
ny and its projects where the manage-
ment at different levels is based on same
principles. The advantage of the above
described arrangement is that the re-
porting formats are standardized and the
profit target set to a project contributes
directly to the profit of upper levels and
the whole company. And vice versa, the
drilling down to lower levels from the
company income statement level allows
focusing on how targets set to projects
are achieved and what is the contribu-
tion of a project to the overall result of
a company.

Using burdened costs instead of
raw costs at the project level then al-
lows calculating a project specific prof-
it based on different cost assumptions.
Burdened cost refers in case of man-
hour cost to use of man-hour cost that
is higher than the raw cost. For exam-
ple, full cost accounting could be ap-
plied if appropriate cost level for the
burdened cost is chosen accordingly.
The use of burdens is related to the
problem of pricing lent and borrowed
resources. If costs are burdened, consol-
idations become complicated as dis-
cussed in the previous section: When
aggregating the income and cost up to
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Figure 3. Deriving Company Income Statement from Project Data
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organization levels, burdens must be
purified in relation to administrative
overhead costs, and internal transaction
costs and their pairwise compensations
(opposite to cost) must be eliminated
in the aggregation procedure.

burdens caused by transactions
across organization items below must be
purified.

The structure and related man-
agement accounting principles suggest-
ed above enable judgements of project
and business unit profitability, and how
different projects and business units
contribute to overall profitability of the
company. Further, if project income and
cost estimates are updated in a frequent
manner, and income recognition calcu-
lation is applied as discussed in the fol-
lowing, it is possible to automatically
derive income statement estimate con-
cerning any future time period. Proac-
tive management practices are thus
supported by enabling corrective meas-
ures that can be taken in advance.

Income Recognition Principles for
Matching Income and Cost for
Profitability Calculation

Income recognition is of importance in
order to enable in a systematic way and
automatically calculate the profit
earned at any period of time. The basic
idea why income recognition calcula-
tion is needed is the fact that invoicing
for the work performed is not synchro-
nized with when the income is earned.
The incoming and outgoing money flow
is recorded to projects with no synchro-
nization with an implication that the
income statement for any period can-
not be derived from projects by just ag-
gregating the invoiced income and paid
costs. Basically, the income is earned
when the work is performed - whether
it is invoiced immediately or not. For
example, in fixed price delivery projects,
the terms of payment for the customer
- and revenues invoiced by the project
- do not necessarily correspond to the
actual work performed and income
earned. Thus, to obtain the profit, the
income that match the cost and work
performed must be calculated in a peri-
odwise manner regardless of the invoic-
ing status.

For simplicity, we divide project
company's external delivery projects
into two categories:

- Time and material type projects.
Income is based on applying
agreed man-hour price lists on
work performed (time); The



customer is invoiced in certain
periodical increments as agreed
with the customer, say on a
monthly basis or so; Further,
purchase costs from sub-
suppliers (material costs), and
in addition, certain percent of
material costs as material
handling fee is invoiced.

- Fixed price type of projects.
Income is based on fixed price,
and invoicing is performed
according to the terms of
payment agreed with the
customer.

When we are in a situation to
calculate the accumulated income from
the beginning of the project until say
e.g. timenow period, its is clear that in
both time and material and fixed price
projects the cost incurred is obtained
directly from the company cost ac-
counting system where costs have been
recorded. However, an important fac-
tor to consider here is the potential de-
lay in recording costs in company sys-
tems. If man-hours are recorded to the
cost accounting system from time re-
ports frequently, say e.g. on a weekly
basis, the man-hour costs are probably
rather up-to-date. If - and often when -
suppliers' costs are recorded from sup-
pliers' invoices to accounts payable and
then transferred to cost accounting,
there usually are delays between the
time of performing the work and the
time of recording costs. Delays might be
significant from the moment when the
supplier has performed and handed over
the work, to the point of time when the
supplier's invoice arrives as a purchase
invoice and is then recorded to a com-
pany accounting system.

However, despite the discussion
above, we make here an assumption
that the man-hour and cost data in the
accounting system is made on accrual
basis, i.e., costs are accumulated as work
progresses. Thus, it is obvious that we
have costs available in the system that
are in accordance with the (work) re-
alization principle.

Now, in case of time and materi-
al type project, the income recognition
means that income for the timenow
period is calculated by applying the
man-hour price list and material per-
centage price list for deriving the in-
come earned so far. The price lists are
those that are agreed with the custom-
er; The same price lists are used for cus-
tomer invoicing. In fixed price type
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projects the income recognition is con-
ducted in the following way:
- Income is calculated by apply-
ing percent complete.

- Percent complete is calculated
by dividing costs accrued by the
latest updated cost estimate of
the total project.

- The earned income is obtained
by then multiplying the latest
income estimate of the total
project by percent complete.

If time-phased estimates are ap-
plied, earned income can be calculated
for any given point of time in the fu-
ture. This occurs if the principles ex-
plained above are used by replacing the
actual man-hours and costs until time-
now by latest cost estimate based man-
hours and costs at that point of time in
the future. The inherent logic is that
the timenow point of time is shifted to
a future point of time, and as actual
costs are not available in the future, lat-
est estimates of that point of time must
be used instead. This way, also future
profitability of projects, and when ag-
gregated, future income statements for
the whole company and its organization
units can be calculated in advance by
using the project estimate data availa-

ble.

About Timing Principles:
Recording Future Costs Rather
than Actual Costs

It was described above how company
income statement could be derived
from project data. As far as the actual
income and cost are concerned, it is
important to calculate income state-
ments of actual data on a monthly ba-
sis or so in order to be able to compare
the actual accomplishment with the
plan. However, it is suggested here that
forecasts of future income statements
are calculated well in advance in order
to enable corrective measures. When
calculating future profit from project
data, we face the question of timing
principle of when to record costs and
income to projects. The obvious solu-
tion to the timing problem is to record
costs and income as early as possible.
For early recording of costs and
income, three concrete aspects of cost
and income of different early time
points are introduced in the following.
The first aspect is to record budgets and
estimates to project structures that re-
flect forthcoming actual costs. We can
establish the first estimate in the begin-

ning of the project and update it any
time when we obtain information that
allows us to provide a more accurate
estimate. Budgets and estimates can be
recorded to projects even years in ad-
vance which enables calculating of
company profit from the project port-
folio in a very early stage. Second, re-
cording committed costs to projects as-
sociated with purchase orders also ena-
bles rather accurate follow-up of costs
well in advance.

The early estimate updates can be
made more accurate by using commit-
ted costs. A committed cost occurs
when a purchase order is signed or a
purchase order is sent to a supplier.
Committed cost refers to costs that we
are bound to use as we have ordered the
job, signed a purchase contract, or oth-
erwise agreed upon the delivery. We
have practically used the committed
money already although the related ac-
tual costs will not incur until much lat-
er.

The different timing principles of
costs recorded to projects is illustrated
by a graphical cost status report in Fig-
ure 4. The figure shows that actual in-
come and costs up to the time now pe-
riod enables calculation only of the prof-
it earned in the project so far if income
is matched with the cost by some in-
come recognition principle. However,
the latest updated time-phased income
and cost estimate of the project can be
used to calculate the contribution of the
project to the company profit for any
future period until the end of the
project. The committed cost (the steep-
est curve showing the committed costs
up-to-date) in turn reflects future costs
rather accurately as far as the purchase
orders and contracts are concerned, and
it can be used to define future costs in a
more accurate manner. For example,
committed costs can be derived from
the company's materials management
system where purchase orders are reg-
istered to project structures with infor-
mation about their monetary values.
Project specific time-phased costs for fu-
ture periods can then be estimated from
the terms of payment data recorded to
purchase orders.

The permanent type internal ad-
ministrative efforts of no considerable
actual project nature should be treated
in the accounting system as hypotheti-
cal projects with a limited duration, the
duration of which match to the yearly
corporate planning cycles. This way,
budgets and estimate updates could be
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Figure 4. Project Cost Status Report

applied also to administrative work in
a natural way that is analogous to all
(other) projects. When subdivided into
twelve periodical increments if needed,
the yearly budgets for fixed costs would
in this way be treated as time-phased
monthly project budgets.

The third - and most far-reach-
ing - future oriented aspect of calculat-
ing income statements from project data
is that of deriving expected income and
cost from bids. As we have so far dis-
cussed projects as work items included
in company's order books, bids repre-
sent project prospects in a pre-project
phase that have not reached the status
of a project yet. The mechanism of bids
turning into projects in a project com-
pany is illustrated in Figure 5. The fig-
ure shows that in a certain point of time
there is certain magnitude of bids and
ongoing projects. After certain period
has elapsed, some projects have been
closed and handed over to customers.
Others are still ongoing, and in addi-
tion, some of the bids have turned into
new projects and will now after project
start be given a status of ongoing
projects. Each bid does not lead to a

contract but the bids each have certain
probability of becoming an executable
project. The 'hit ratio' indicates the av-
erage proportion of bids turning into
projects. When bids are used to fore-
cast the forthcoming profit of a compa-
ny, it is important to develop an algo-
rithm that takes into account the bid
portfolio as a whole by considering the
probabilities of individual bids as hypo-
thetical projects of turning into con-
tracts and executable projects if agreed
with the customer.

Conclusions

There are not many studies that pro-
vide theory for project business and the
management of a project company. The
article elaborates further the few stud-
ies of management of a project compa-
ny and project-oriented business by il-
lustrating an organizational model and
developing a management approach
supported by appropriate management
accounting principles. The solution in-
troduced can be thought of as the basic
framework for an overall organization-
al model to support efficient project
flow in a project company.
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Figure 5. Mechanism of Bids Turning into Projects within a Period of Time
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The analysis conducted repre-
sents theoretical decision-oriented - or
management science oriented - reason-
ing of a framework suggested for man-
aging project companies. The empiri-
cal organizational model and manage-
ment practice development occurred in
large process plant turnkey supplier or-
ganizations forms the empirical back-
ground of the framework presented.
The article could be thought of as a first
basic theoretical construction of the
framework, and in the future there will
be empirical case and other studies that
will build on this framework study.

The article provides a framework
of important approaches for managing
the business in a project company in
profitable manner. A management ac-
counting framework was introduced for
project companies for managing future
profit accumulation. Deriving of com-
pany income statements from project
data is discussed. As the principle of
how the company and its projects are
organized as a whole is the basic impor-
tant aspect in this context, an organi-
zational framework is elaborated as the
basic important structure that enables
the suggested features. The organiza-
tional and management accounting
framework, and calculation principles
introduced, allows deriving company
income statement from project data.
The interaction between project struc-
tures and the organizational aspect is
important. An ownership relation was
suggested where external delivery
projects are owned by organization units
in the company. Establishment of ad-
ministrative projects - or project struc-
tures - was suggested for e.g. general
administration, sales and marketing,
and development efforts. Costs and rev-
enues are recorded to projects, and
project specific cost and income reports
are used for company management.
Company income statements can then
be derived by aggregating income and
cost information from projects to organ-
ization units.

The management accounting
applied must enable allocation of re-
sources to the borrowing projects or
sub-projects across business units. From
a management accounting perspective,
the company-wide use of resources oc-
curs when business units get compen-
sation for resources lent to projects that
are owned by other business units. Ac-
counting principles are introduced that
promote efficient use of resources in the
project company.



Deriving of company income
statements from project data is dis-
cussed. The structural and hierarchical
approach described allows a steady re-
porting possibility with the same report
format at different levels and enables
management of a company and its
projects where the management at dif-
ferent levels is based on same principles.
The established organizational frame-
work allows a standard procedure to
plan and monitor work and operations
in a company by applying analogous
project structures for whatever effort
performed by the organization: All ac-
tivities are seen as a part of some project
structure, and costs are always record-
ed to a project structure. The advan-
tage of the arrangement is that the re-
porting formats are standardized and the
profit target set to a project contributes
directly to the profit of upper levels and
the whole company. And vice versa, the
drilling down to lower levels from the
company income statement level allows
focusing on how targets set to projects
are achieved and what is the contribu-
tion of a project to the overall result of
a company.

Income recognition is of impor-
tance in order to enable matching in-
come and cost for automatical calcula-
tion of the profit earned at any period
of time. The basic idea why income rec-
ognition calculation is needed is the fact
that invoicing for the work performed
is not synchronized with when the in-
come is earned. The income recogni-
tion calculation principles introduced
are used for calculating income that
match the work performed regardless of
the invoicing status.

The article considered timing
principles of recording costs and in-
come, aiming at an implication that fu-
ture income statements and future prof-
itability should be derived from project
data. Deriving forecasts of future prof-
itability instead of sticking to reporting
of just past or current status enables
proactive management in the compa-
ny. When calculating future profit from
project data, we face the question of
timing principle of when to record costs
and income to projects. The obvious
solution to the timing problem is to
record costs and income as early as pos-
sible. Three concrete aspects of record-
ing cost and income in different early
points of time to project structures were
introduced. The aspects were to record
budgets, estimates or committed costs
to project structures in advance that all
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reflect forthcoming actual costs. Budg-
ets and estimates can be recorded to
projects even years in advance which
enables calculating of company profit
in terms of the income statement from
the project portfolio very early. The
even more far-reaching future oriented
aspect of calculating income statements
from project data is that of calculating
expected income and cost from bids.
When bids as potential project pros-
pects are used to forecast the forthcom-
ing profit of a company, it is important
to develop an algorithm that takes into
account the bid portfolio as a whole by
considering the probabilities of bids as
hypothetical projects of turning into a
contract and an executable project if
agreed with the customer.
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Projects for Shareholder Value:

The Influence of Project Performance
Parameters at Different Financial Ratios

J Rodney Turner, Erasmus University, Rotterdam

Projects are undertaken to add value to the sponsoring organisation. In the private sector, this ultimately
means increasing the value of shares to the holders of equity in the company. Traditionally it has been said that
projects are successful if they are completed on time, to budget and to quality. Certainly, all else being equal,
the earlier a project is completed, the more cheaply and the greater the functionality, the greater will be its
contribution to shareholder value. However, it is often not known what the relative impacts of time, cost and
functionality will be. This paper uses shareholder value analysis to assess the impact of projects on the sponso-
ring organisation, and the relative impacts of time, cost and functionality. First it is necessary to enhance the
traditional model of shareholder value analysis to make it more appropriate for the analysis of projects. It is
shown that the impact of projects on their parent organisation can be predicted from seven financial ratios or
value drivers, and that the nature of the impact is different for different industries with different ratios. The
different impacts are analysed for ten of the UK's top 100 companies

Introduction

Research has shown that many people
judge project success by whether or not
the project contributes value to the
sponsoring organisation, (Wateridge
1995, 1996, 1998). Further, if the
project team co-ordinate their efforts to
deliver value to the sponsor, it increas-
es the chance of achieving a successful
outcome. This may require individual
project team members to sub-optimise
the parameter that most interests them,
(time, cost or functionality), in order
to achieve an overall optimum for the
project.

A modern technique for invest-
ment appraisal of projects analyses the
project's contribution to the value of
equity of a company, called sharehold-
er value, (Mills 1994, Mills and Turner
1995). Shareholder Value Analysis cal-
culates the value of a company as the
net present value of future dividends,
paid out of free cash flow after profit has
been used to pay tax and reinvest in the
business. It estimates future free cash
flow from eight value drivers, (listed on
the next page). The contribution of any
new project is the net present value of
the project.

The eight value drivers alone
cannot be used to determine the net
present value of a project. However, the
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value drivers can be calculated from
seven traditional financial ratios, which
can in turn be used to predict the net
present value of projects. In this paper,
I introduce the financial ratios, and
show how they can be used to predict
the shareholder value of a company and
to determine the net present value of a
generic project undertaken by an organ-
isation. [ use the model for net present
value of a generic project to analyse the
impact of changes in time, cost and
functionality on the net present value,
and hence the shareholder value of the
organisation. I use ten of the UK's top
100 companies as examples to show
how the impact varies between compa-
nies with different ratios. I then do a
more detailed analysis on two of the
companies to provide a basis for extrap-
olating the data for the other compa-
nies. The two organisations, Zeneca and
ICI, were the same company until their
demerger five years ago.

Shareholder Value Analysis

Shareholder Value Analysis calculates
the value of shares in a company as the
net present value of future dividends.
Future dividends are paid out of free
cash flow, which is profit, less tax, less
money reinvested in the business, (Mills
4, Mills and Turner 5):

Dividends = Free cash flow
= Profit - tax - capital
invested in the business
In traditional shareholder value
analysis, future free cash flow is calcu-
lated from eight value drivers. There are
three operational drivers used to esti-
mate future cash generated by the busi-
ness:
- sales growth rate
- operating profit margin
(= 1 - operating costs/sales)
- cash tax rate

and five investment drivers used
to calculate the amount of cash invest-
ed in the business, and at what cost, and
over what planning period:

- replacement fixed capital
investment, (assumed equal to
depreciation)

- incremental fixed capital
investment, (required to
generate sales growth)

- incremental working capital
investment, (also required to
generate sales growth)

- cost of capital
- planning period

There is no replacement working
capital investment: that is treated as
revenue and paid out of operating costs.



The contribution of a project to share-
holder value is the net present value,
(plus a very small allowance for new
debt required to invest in the project).
In a previous paper, [ analysed the im-
pact of a fictional project on the share-
holder value of a fictional company,
looking at the impact of variations of
time, cost and functionality on the val-
ue of the project, (Turner 6). In that
paper, | identified that changes to func-
tionality, measured through changes in
sales, had a greater impact than either
time or cost. | also identified that the
influence would be dependent on the
different nature of organisations, and
that it was not possible to measure the
influence of projects directly through
the traditional eight value drivers. In
order to properly analyse projects, it is
necessary to split costs into direct costs,
indirect costs and depreciation. Thus,
it is possible to calculate the value driv-
ers and the impact of projects from the
following financial ratios:

The direct costs include costs of
sales, materials and labour where in-
cluded. They also include attributable
duties for liquor sales and oil and gas
products, and research and develop-
ment costs.. It is usual to treat research
and development as a sunk, and there-
fore indirect cost. However, this distorts
the investment appraisal process, fa-
vouring products with high research
and low production costs over products
with low research and high production
costs. Some firms make R&D a direct
cost by charging an internal royalty.
However, it can be argued that as part
of the investment appraisal process that
the research cost should be treated as a
direct cost if the comparison is between
making the product as opposed to li-
censing its production elsewhere.

The Generic Project

We can calculate Net Present Value,
NPV, for a generic project from each
company using the ratios. Table 3 con-

|, dimect coat b tumover

2. inelirect cost to tumover

5. deprecintion toe turmover

4. rate of depreciation

. fixed capital employed o tumeeer

5. working capital emploved to turmover
7. debt equity o

dinect comts/turnoyver

iralirect costfturnawer
depreciation/turnover
depreciation/fixed capital employed
fixed capital employed/turnover
working copital employed/tumover

or I\.II\.I'\II L2x] .'|1|:li|.|'|. ..'II'||:II.'\"L'\. I\.I

(Ratio 3 can in fact be calculated
from 4 and 5).

The value drivers can be calcu-
lated from ratios 1 to 6. Ratio 7 is used
to calculate the impact of new debt,
(which is small). Shareholder Value
Analysis takes the turnover in a base
year, and an assumed rate of growth, to
calculate shareholder value. Table 1
shows the calculation for a UK compa-
ny from the pharmaceutical industry,
Zeneca, using numbers obtained from
the 1997 annual report. This calcula-
tion is done assuming constant debt
equity ratio. It was also done assuming
constant debt. The latter gives an an-
swer about 3% smaller. Table 2 contains
the ratios for ten of the UK's top 100
companies, using figures obtained from
their annual reports for 1996 or 1997.
This Table also includes the calculated
shareholder value for each of these
companies using a six year planning
period. The final column shows the
amount the companies are currently
trading above or below the calculated
figure.
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tains the calculation for Zeneca. Start-
ing with an initial fixed capital invest-
ment of 100 units, all other figures are
determined using the ratios. Table 4
contains the NPV for the generic
project for each company in Table 2 for
a project with initial investment of 100
units. Using the generic project, it is
possible to calculate the effect of chang-
es in time, cost and functionality on the
outturn of the project. The following
assumptions are made.

Functionality

Loss of functionality either reduces sales
volume, or sales price or both. Both re-
sult in a loss in turnover. If there is a
loss in sales volume, then presumable it
will be possible to achieve some savings
in direct costs, and hence direct costs
might be treated as variable. If there is
a loss in sales price, then there will be
no reduction in costs, and so they will
need to be treated as fixed. The two
extremes of treating direct costs as fixed
and variable were considered. In any
given case it is expected that the actual
outcome will be somewhere in between.

Cost

[ assumed overspend of fixed capital
only. Overspend can be paid by equity
or new debt. [ investigated equity only,
debt only and both. The difference in
shareholder value was around 1% of the
amount of new debt, which can be ig-
nored. All figures assume the overspend
is paid for by equity. Paying for the over-
spend out of debt reduces its impact on
shareholder value, but by about 1% of
the overspend.
Time
I made one of three possible assump-
tions when considering a delay to a
project:
1. The start of the project is delayed,
but the cost is spent in the original
period, with no overspend.

2. The start of the project is delayed,
and the expenditure is spread over
the extended time period, but
there is no overspend, that is the
same amount of money is spent
over a longer period.

3. The start of the project is delayed,
the expenditure is spread over the
longer period and there are some
time dependent costs. I assumed
that 25% of the costs were time
dependent. The resulting over-
spend could be paid for out of a
mixture of debt and equity. Again
that impact is very slight, and so is
ignored.

Assumption 3 causes the greatest
reduction in net present value and as-
sumption 2 the least. [ give below ex-
amples of the impact of 2 and 3. How-
ever, in considering all ten companies,
[ only considered assumption 3.

Impact of Project Performance

Table 4 shows the impact of underper-
formance of functionality, cost and time
on the generic projects from the ten
companies. The first column, as I said
above, is the net present value of the
generic project, given a fixed capital
investment of 100 units, with all other
figures calculated using the financial
ratios in Table 2. In all cases, except
Sainsburys, I have assumed that the
project has a six year life. In high cost,
high capital companies, a longer project
life may be more appropriate. For Sains-
burys I had to assume a ten year project
life to obtain positive net present val-
ue. The second and third columns con-
tain the percentage reduction in net
present value resulting from a 10% re-
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Year Data
Sales Growth Rate 12.0%
Sales

Direct Costs 50.5%
Indirect Costs 24.5%
Interest

Depreciation 10.0%
Operating Profit

Cash Tax Rate 35.0%
Profit After Tax

Add back Depr’n

Operating Cash Fl
Less RFCI

Less IFCI

Less IWCI

Free Cash Flow

Cost of Capital 6.0%
Discount Factor

PV Free Cash Flow
Cummulative PV

Residual Free Cash
Residual Value

PV of Residual Val
Cummulative PV

Value of Company

CAPITALISATION

Year

Fixed Capital 41.5%
Incremental FCE

IFCE from Equity 46.0%
Working Capital 9.0%
Incremental WCE

IWCE from Equity 46.0%

Total Capital

Debt 54.0%
Equity 46.0%
Interest 5.5%

0 1 2 3 4 5 6
120  12%  12% 12% 12%  12%
100.00 112.00 12544 14049 157.35 176.23 197.38
(50.50) (56.56) (63.35) (70.95) (79.46) (89.00) (99.68)
(24.50) (27.44) (30.73) (34.42) (38.55) (43.18) (48.36)
(L50) (168) (1.88) (2.11) (2.36) (2.64) (2.96)
(415) (465) (521) (5.83) (653) (7.31) (8.19)
1935 2167 2427 2719 3045 3410 38.19
677 759 850 951 1066 1194 1337
1258 1409 1578 17.67 1979 2217 24.83
415 465 521 583 653 731 819
1673 1873 2098 2350 2632 29.48 33.02
(415) (465) (521) (5.83) (653) (7.31) (8.19)
(229) (257) (287) (322) (360) (4.04) (452
(0.50) (0.56) (0.62) (0.70) (0.78) (0.88) (0.98)
979 1096 1228 1375 1540 1725 19.32
60% 60% 60% 60% 60% 60% 6.0%
100 094 089 084 079 075 070
1034 1093 1155 1220 12.89 1362
1034 2127 3282 4502 57.92 7154
24.83
413.77
309.19
71.54
380.73

0 1 2 3 4 5 6
4150 4648 5206 5830 6530 73.14 8191
498 558 625 700 784 878 983
229 257 287 322 360 404 452
9.00 1008 1129 1264 1416 1586 17.76
108 121 135 152 170 190 214
050 056 062 070 078 08 098
5050 5656 63.35 7095 79.46 89.00 99.68
2727 3054 3421 3831 4291 4806 53.83
2323 2602 2914 3264 3655 4094 4585
150 168 188 211 236 264 296

Table 1. Shareholder Value Analysis for Zeneca



Sector Name  Direct Indirect Depr'n  FCE/ WCE/ Debt/ SVAGY SVA/ pared to the generic project for

Costs  Costs Sales  Sales CE Capit'n their organisation.

%T  %T %FCE %T %T % %T %
Pham  Glaxo 330% 27.0% 105% 455% 55% 49.0% 680% 11.9% 4. When undertaking investment
Brewery Guiness 400% 285% 50% 935% 5L0% 350% 310% 24.7% appraisal, and comparing compet-
Media ReedElsevier 385% 345% 30% 855% 180% 77.5% 394% -17.6% ing projects in a portfolio, research
Pham  Zeneca 505% 245% 10.0% 415% 90% 54.0% 380% 21.7% Ithoueh sunk. should b
Stores  Marks& Sp 765% 85%  45% 460% 250% 18.0% 190% 11.4% costs, although sunk;, should be
Chemicdl BOCGroup  595% 20.0% 85% 90.0% 125% 37.0% 13%% -13.9% treated as direct costs, because:
Electrical GEC 66.0% 225% 225% 160% 80% -83.0% 148% 21.7% ~ ~ ~
Engining B Acrospace  84.0%  6.5%  8.0% 325%  7.5% 400% 104% 2050 ~ .oordertostayin the business,
Stores  Sainsbury's  915% 20% 0.0% 44.0% 7.5% 46.0%  74% -34.60  the company needs to conduct
Chemical ICI 72.0% 19.0% 6.0% 54.0% 155% 71.0%  40% 61.9% ongoing research

Table 2. Ratios and Shareholder Value for ten UK FTSE100 companies,
(data obtained from company reports)

duction in sales, the second column as-
suming all sales costs are fixed and the
third column all variable. The fourth
column shows the reduction in net
present value resulting from a 10% over-
spend and the fifth from a one month
delay on a year long project. You will
see:

1. Loss of sales, (functionality),
always has a greater impact than
time or cost. As would be expect-
ed, the impact is more severe if the
sales costs are fixed. The higher
the cost to sales ratio and the
higher the capital to turnover
ratio the more severe the impact.

2. In low capital companies, (low
capital to turnover ratio), time has
a greater impact on net present
value than cost. I have not shown
it here, but as the delay is in-
creased, the loss of sales has an
increasing effect, so that eventual-
ly time had a more severe impact
than loss of sales alone.

3. In high cost, high capital compa-
nies, a 10% overspend has an
impact on net present value
almost as severe as loss of sales,
and greater than the impact of a
delay.

All these results suggest that it is
more important to obtain the correct
functionality for a project than to fin-
ish rigidly on cost and time.

Comparison of Zeneca and ICI

Zeneca and ICI are two companies
which split about five years ago from the
then one company ICI. Table 5 contains
a more extensive list of variations of
project performance to compare the
impact on the value of each company.
It can be seen the impacts are quite di-
verse. This raises the question of how
was it possible to make rational com-
parisons of projects from different parts
of the business when they were the same
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company. The assumption must be that
projects from the part of the business
that is now Zeneca will have always won
out in competition for scarce resourc-
es. The part of the business that is now
ICI was being milked to invest in Zene-
ca, meaning it would have been gradu-
ally run down if the two businesses had
not been split. In the mid 1980s I was
employed by ICI to do investment ap-
praisal of projects from the petrochem-
ical industry. I found that my projects,
with high operating costs but low indi-
rect costs could not compete against
projects from less profitable parts of the
business with high indirect costs but low
operating costs.

Conclusions

The following conclusions can be drawn

from the research:

1. Itis important for project manag-
ers to understand the impact of
loss of functionality on the
performance of their projects, and
to balance the need to obtain the
appropriate functionality against a
desire to finish rigorously on cost
and time.

2. Project managers should be judged
in their annual performance
appraisal not just on how many of
their project were finished on cost
and time, but also on the ability of
their projects to generate sales.
Given the results of this paper,
greater weighting should be given
to sales potential than cost or time
performance.

3. Understanding the impact of
financial ratios on the perform-
ance of their project will help
project managers weigh up
conflicting demands for perform-
ance on cost, time and functional-
ity on their projects. Perhaps
project managers could be judged
against their performance com-

- without conducting future
research the company will lose
shareholder value

- the research cost should be
treated as a lost royalty payment
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Project Management Maturity

Francis Hartman, The University of Calgary, Canada
Greg Skulmoski, The University of Calgary, Canada

The issue of what makes some project managers and some organizations better at what they do in delivering
projects than others has been a question that has been studied for many years. These studies have looked at
critical success factors, key result areas and project manager skills and personalities. All have contributed in
their own way. Recently, however, the question of maturity of project management has been raised. Driven
largely by the work of the Software Engineering Institute (SEI) and its Capability Maturity Model (CMM), a
number of more generally applicable models for project management have been developed. This paper addres-
ses the issue of project management maturity and how it may be modeled. Starting with the published models,
it develops a framework for a more powerful maturity model that challenges our current body of knowledge.

Introduction

Project Management has traditionally
dealt with the work that takes an idea
from funding to delivery. There are,
however several other parts to this proc-
ess that impinge on its success, starting
with the original idea, its business con-
text and how it was funded. Maturity
of project management helps us under-
stand several things. First it tackles the
competence of the practitioner and tries
to measure it on a generalized scale.
Second it helps us understand the work-
ing environment of the practitioner, if
it also assesses the business for which
the project is being done. It also creates
an opportunity to study and understand
the growth of excellent project manag-
ers and could help us understand the
mechanism that underlies this growth.

The debate on how to certify
project managers continues, with differ-
ent views on this from different nation-
al professional associations. The Project
Management Institute (PMI) in North
America has a knowledge -based model
for its PMP (Project Management Pro-
fessional) designation. Experience and
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project management competencies are
the basis of other models favored in
some European countries. The link be-
tween maturity models and certification
within the profession of project manage-
ment is a natural one. In this paper this
and other links, with growth of the body
of knowledge, moving beyond the tra-
ditional bounds of project management
and the changing work environment are
considered and presented.

The paper also presents a frame-
work for development of a more univer-
sally applicable model for assessing and
developing project management matu-
rity. This framework is presented as a
starting point for discussion rather than
a final or even interim product or pro-
posal. The paper concludes with some
suggestions for areas of study or debate,
which would help us understand the
phenomenon of project management
maturity. The principal author devel-
oped the initial SMART model. Much
of the background work on current
models was undertaken by the co-au-
thor as part of his preparation for stud-
ies into project management maturity
in the software induustry.

Maturity Concepts

The models for project management
that have appeared in the last short
while have started the process of build-
ing this concept. The published mod-
els are briefly described below. Starting
with the one that got this idea going:
the SEI CMM model (Paulk et al.,
1997).

SEI Capability Maturity Model

This model includes five levels. The In-
itial level is based on no stable environ-
ment existing in the organization for
development of software. Often com-
mitments are made and not met. It is
difficult to achieve a methodical proc-
ess that results in any consistency in
project delivery. The objective is sim-
ply to produce software.

At the Repeatable level, the goals
have shifted to delivering projects in a
controlled fashion. This usually takes
the form of schedules that drive the
project. At this level, the organization
will also control cost and functionality
and will have developed policies and
procedures around the process it needs
to achieve these objectives.



The third level is the Defined lev-
el. At this level there is a coherent and
consistent approach to project delivery
with organization-wide training to en-
sure that the participants in the proc-
ess have the skills needed to fill their
project roles. The organizations stand-
ard practices are now modified on each
project to suit the specific needs and
demands of the situation. At this level
the focus is not on managing the
project, but managing the product.

At the fourth, or Managed level,
the focus shifts to managing the proc-
ess to ensure that customer needs are
properly met and balanced with cost
and other standard measures. Quanti-
tative quality measures are set. There
is an organization-wide quality and pro-
ductivity measurement process. The ob-
jective is to achieve improved consist-
ency and predictability of outcomes.

At the fifth level we have
achieved the Optimized process. What
sets this level apart is that the organi-
zation is now continuing to improve on
what it has done to grow from level one
to four. And it is doing so in a struc-
tured way.

Although this model has been
widely accepted and adopted, it has
been the target of some criticism. The
three primary criticisms have been that
it increases corporate bureaucracy and
rigidity, it causes organizations to focus
on CMM issues at the expense of oth-
ers that are important to its business and
finally, organizations will tend to avoid
risky projects in order to get better
CMM ratings. All of these have been
disproven by studies to investigate these
phenomena (Herbsleb et al., 1997).
Brooks (1987) sought a "silver bullet"
for software development. CMM is not
that bullet. Nor is any of the other mod-
els for project management maturity.

The next models reflect a strong
basis in PMI's Project Management
Body of Knowledge (PMBOK). As such
they may all be open to criticism in that
they are limited to more traditional ap-
proaches to project management. This
means they look specifically at the
project execution phase only.

Project Management Maturity Model
(PMMM)

Fincher and Levin (1997) proposed
their PMMM on the basis of goals that
an organization may use to to assess
their maturity level. By focussing on the
weak areas identified in a comparison
to the suggested goals, it is possible to
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identify where improvements may be
made to improve project management
performance. All nine of the PMBOK
areas of knowledge are included at each
level in this model. It is a fairly close
adaptation of the SEI CMM, so it too
has five levels and their definitions re-
flect the same types of goals as the
CMM. An analysis of these levels by
Skulmoski (1997) suggests that there
are inconsistencies between the differ-
ent levels in the model. There is no ev-
idence that it has been empirically test-
ed. Mastery of the PMBOK effectively
constitutes level 4, so it does not chal-
lenge the status quo in any significant
way.

CMM/Project Management Maturity
Model

This PMBOK-based model was devel-
oped by Goldsmith (1997). This model
is specific to software projects. Gold-
smith's focus was on accelerating devel-
opment time. The process includes steps
such as learning about project manage-
ment and then becoming certified by
PMI as a PMP, This model simply brings
together SEI's CMM and PMBOK. It
adds nothing new beyond this.

Project Management Process

Maturity Model (PM?)

This is the last of the PMBOK-based
models. It was developed by Ibbs and
Kwak (1997) and is reported in a PMI
publication. This is the most compre-
hensive of the PMBOK-based models.
It is based on a study that was intended
to identify the organizational and finan-
cial benefits of Project Management.
The authors looked at 38 organizations
and assessed their maturity, using a sim-
ple and prescriptive model. This model
was developed to help project manag-
ers assess maturity and return on invest-
ment that might accrue from this proc-
ess. The model is loosely based on SEI's
CMM. It starts with an ad hoc approach
to project management at level one and
grows to continuous improvement at
level five. Atlevel 2 some informal pro-
cedures and plans are in place. At level
3 organizations have partially developed
procedures and practices, and trend
data is collected and shared between
teams. Systematic and structured
project management occurs at this lev-
el. At level 4 integration across the en-
tire organization occurs. At this level,
too, project management is document-
ed and well understood.

The authors of this model point

out that previous studies and models
trying to identify the benefits to project
management have been unsubstantiat-
ed and anecdotal.

The next two models (one pub-
lished, the other under development)
are not based directly on PMBOK.

The Project Management Matunrity
Model (PM?)

This model was developed and trade
marked by Remy (1997). This model,
like the others is loosely based on the
one by SEL It has five levels. The crea-
tor of this model does not advocate try-
ing to get all of the organization to the
top level. Instead, he suggests that the
organization achieve a balance that best
suits its business objectives. This model
differs significantly in that it is based on
the domain of Modern Project Manage-
ment as defined by Kerzner (1996). It is
similar to Ibbs and Kwak's model in that
an organization can have several differ-
ent levels of maturity, and still be effec-
tive.

One of the prime differences in
this model is that it recognizes that "Ef-
fective project management is the
evolving interaction of process, systems
and culture. Addressing one aspect
without considering the others produc-
es little more than expensive frustra-
tion". This model is, however, not
backed by any empirical research. It is
anecdotal and from a consulting com-
pany that makes a living in this busi-
ness.

SMART Project Management

This early concept of a maturity model
is also loosely based on the SEI model.
It is the result of three years of empiri-
cal study in the application of derived
best performance studies, described be-
low. It challenges many of the standard
practices in project management by
pushing the envelope of accepted ex-
pertise and processes.

The SMART model is based on
the following elements:

- Projects are Strategically
Managed and integrated with
the corporate objectives.

- Teams and objectives are
properly Aligned and this
alignment is tested and validat-

ed.

- The project is performed in a
Regenerative culture that
encourages and supports high
performance teams
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- The project id defined, planned
and managed in the context of a
continuously changing (Transi-
tional) environment with
corresponding shifts in demands
on the project and its assigned
resources.

These models, when applied to
projects in organizations, consistently
yielded significantly better project per-
formance in terms of customer satisfac-
tion, cost and time required. However,
it had proven to be unsustainable when
implemented in an environment that
was at level 1, 2 or even 3 on most of
the maturity models previously defined.
In order to understand what the cause
of this might be, further study was un-
dertaken, based generally on the prin-
ciples of identifying best practices.

Best Performance Issues

We were not interested in the quality
of practices in industry, but rather in the
results obtained. We therefore looked
at projects that were perceived to be
successful and then we looked at the
project manager and tried to under-
stand the skills, knowledge and other
attributes that these highly successful
project managers had. As the source of
information was diverse, the results of
this study are questionable. As sources,
published cases, documentaries and
docu-dramas (such as the story of the
Avro Arrow by the Canadian Broad-
casting Corporation) were considered.
Also looked at were cases that were not
in the public domain, but were known
to the author through personal contacts
and through consulting work. As a con-
sequence, these latter sources cannot
be published, further weakening the
case for the model for maturity that is
about to be presented in this paper. Fi-
nally, a number of studies and mono-
graphs were considered in formulating
the model. These studies, papers and
monographs are extensive and cover a
multitude of industries and a broad
spectrum of companies, cultures and
socio-economic situations.

A significant amount of informa-
tion synthesis has led to the develop-
ment of a model for project manage-
ment maturity that is based on setting
level four at "world class" performance.
The other readily definable levels are
level one - the entry level and level five
- the level at which structured and log-
ical continuous improvement on per-
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formance at level four occurs. Howev-
er, to put some meat on the bones of this
skeletal definition of a maturity model,
we need to consider the elements that
constitute performance at entry level
and at "world class" level, and we need
to define these terms more clearly. That
done, the next step in developing a ra-
tional maturity model is to determine
the building blocks required to go from
level 1 to level 4. The final step is to
find the right sequence for assembly of
these blocks to allow individuals and
organizations to develop their project
management skills in a sustainable way.

Elements of Maturity

As a starting point, we defined levels
one and four in the proposed model as
follows.

Level One:

At this level we see the typical
first-time project manager with little or
no formal training but a mandate to de-
liver a project. From an organizational
point of view, this level would be de-
fined as one where there is no formal
career path for project managers, the
title "project manager" may be assigned
without any recognition in terms of pro-
motion, training, pay increase or added
authority to do the work.

Level Two:

This level is the one at which
three elements need to be in place. The
first is a formal training program with
an appropriate certification, diploma or
other qualification associated with suc-
cessful completion. This is needed to
allow the individual project manager to
obtain two important requirements: ba-
sic knowledge in accepted project man-
agement practices and credibility in the
organization and with the team. The
credibility of the project manager will
also depend on a number of other - and
often more important - elements. Some
of these elements include technical
competence in the content of the
project, experience and reputation for
success in some form. The second ele-
ment needed is acceptance at the or-
ganizational level of formal project man-
agement. Specifically, this means that
the organization expects projects to be
managed, rather than just happen.
Symptoms of this include formal recog-
nition of the title "Project Manager"
perhaps with differing levels from As-
sistant to Senior or Executive. The un-
derlying organizational commitment is

important, not lip service to a process
and to job titles. The third element at
this level is that the organization per-
mits its project managers to do what
they need to in order to manage their
projects properly.

For the organization, this level re-
quires a formal and effective training
programme in project management to
be in place. It typically needs project
management standards to be in place
and a career part for project managers
is in place within the organization.

Level Three:

The third level of project man-
agement maturity is the one at which
the definition of project management
in the organization has been broadened
to include all of the steps in the project
life cycle. This goes from when the idea
is first thought of through to final clo-
seout of the project or its product at the
end of its useful life. This is a much larg-
er mandate. [t does NOT mean that the
same person is managing every step of
the process. At this level, we expect
project managers to consider the tech-
nical elements (classical project man-
agement) as well as the business con-
text in which the project takes place
(modern project management). Finally
we would expect the project manager
to consider social and societal issues
(SMART project management).

The organization needs to reflect
these additional factors as well. This
means that a number of additional is-
sues need to be addressed. First, the
project selection process should consid-
er how well aligned each project is with
corporate strategy. It also needs to con-
sider where the project fits in a risked
portfolio of projects that the company
must chose from in order to achieve its
objectives. Currently, most organiza-
tions that do this risked selection will
include in the evaluation a risk factor
for technical and commercial success of
the project. They will not consider the
risk in project delivery. This latter risk
can have a profound impact on the out-
come of the project, and helps to ex-
plain the significant difference between
the expected return on investment
when the project is approved and the
actual return on completion that is
commonly reported.

At level three, the project is de-
veloped as part of the corporate strate-
gy. It is also routinely and predictably
delivered at or below a stretch budget



and schedule, with little or no rework
and with a satisfied customer.

Level Four:

This is the level at which high
performance is achieved. In looking for
the differentiation between good and
world class project managers, one char-
acteristic stood out in particular. That
was the ability to make and maintain
all the connectivity between disparate
elements of the project and its success-
ful management. For example, What
impact will approval of this project have
on others in the organization and vice
versa. What does selection of one con-
tracting strategy over another have on
schedule, team effectiveness, the effort
required to maintain effective commu-
nications, cost, administrative process-
es and so on. No decision is made in
isolation. The project manager finds so-
lutions to the disease, not the symptom.

At the organizational level,
steams cooperate between projects. Pri-
orities are set to suit corporate goals,
rather than those of the project with the
strongest manager or sponsor. It is not
just acceptable practice, but good prac-
tice to cancel your own project if that
is the right thing to do. Currently it is a
career limiting move to do so in many
organizations.

Essentially, at this level, the
project manager, with the conscious
support of the organization, is working
beyond corporate guidelines, proce-
dures and processes, adapting or chang-
ing them to suit the needs of the situa-
tion. The result of this final set of skills
and competencies is that projects at this
level are scheduled and budgeted ag-
gressively to perform at up to 30% fast-
er and more cost effectively than
projects at level two. Projects at this lev-
el consistently come in on time and
within expected cost, scope , safety and
quality expectations.

Level Five:

This level, like that in the SEI
CMM is one at which controlled and
organized process improvement is
achieved.

It is not enough to define these
elements. Several other things need to
be done. First we need to develop ways
to perform at level four. By the defini-
tion in the model above, this has been
done with SMART project manage-
ment, but has not been done yet in a
sustainable way. Three pilot projects in
organizations are currently under way
to test the concept to this maturity

Project Management 1/98

model. Results will take several years to
develop. Faster approaches need to be
found.

Next, we need to detail what
knowledge, experience, competencies
and other skills or attributes are need-
ed at each level for both the individual
and the organization. The different lev-
els can co-exist within an organization.
Career paths for project managers, com-
pany standards and other infrastructure
elements need to be defined for each
organization so that the framework for
growth in this increasingly important
area of management is in place.

A Framework for Development
of a Universal Model for PM
Maturity

The model outlined in this paper is pre-
sented as a framework for discussion.
The authors welcome input, advice and
suggestions from researchers and prac-
titioners on how this framework might
be developed. Ideally, with internation-
al cooperation, we will be able to de-
velop a truly useful model for project
management maturity that will help us
all understand the real drivers for
project management effectiveness, to-
gether with the myriad of peripheral
factors that contribute to such success.
The intent behind this framework
is to develop a platform for future study
of project management. If of use, this
platform will help us understand the el-
ements that are required to develop tru-
ly competitive project delivery. Such el-
ements will include technical, business
and social issues. Some of these may be
as follows.
- Technical Issues:

- More effective resource-based
scheduling techniques

- Better tools for scope and
change management

- Ways of measuring team
alignment

- Simplified tools for earned
value, risk analysis and more, to
make them more accessible and
user-friendly

- Tools to plan for and manage
communication

- Business Issues:

- Multi project management to
include inter-project communi-
cation and priority setting

- Planning that helps align
projects with, and support,

corporate strategy

- Risk plans for projects that are
consistent with the risk-taking
and investment policy of the
sponsor organization

- Social and Societal Issues:

- Ensuring legal and regulatory
compliance

- Understanding the impact of
the project long term on the
community and on the team

- Developing good working
environments for the WHOLE
project team and stakeholders

- Ensuring a sustainable social
infrastructure to support the
project during implementation
and in the operating phase

- Understanding and mitigating
social, environmental and
economic damage to third
parties.

There is still much to be learned
about effective project management.
The wider we cast the net, the sooner
we will find the most critical factors that
will positively influence the outcomes
of future projects.

Conclusions

This paper reports the general structure
of an evolving model for understand-
ing and improving project management.
A model based on the concept of ma-
turity in capabilities offers a new oppor-
tunity to revisit what we know of project
management. Perhaps just as important,
if set correctly it will challenge how we
think of the profession and the skills
needed for success.

No maturity model will ever be
correct or complete. This is because
project management will continue to
evolve and will affect the model as a re-
sult. The Organization for Project Ad-
vancement and Leadership (OPAL)
will host and support this particular ma-
turity model and will cooperate with an-
yone who wishes to participate in col-
laborative or independent work in de-
veloping it as a basis for future study,
certification, training development and
other action that will support fast
growth in the profession. OPAL is
housed at the University of Calgary and
is supported by a growing number of
member corporations from around the
world, including Computing Devices
Canada, Imperial Oil, KPMG, Nortel,
PanCanadian Petroleum and Shell.
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Project management suffers from numerous problems due to static and dynamic complexities inherent in pro-
jects. In this paper, the authors infer the necessity of project model building by analyzing project intrinsic
elements and their relationship over time. A process-oriented project model is built on purpose to describe and
handle various project complexities. Because of the disadvantages with existing project management methods
and techniques, a set of methods is conceived by combining them together with IDEFO, Petri Nets, and fuzzy
logic. This method set is constructed especially for fulfilling the requirement of project process modeling.

Introduction

Project management - "the application
of knowledge, skills, tools, and tech-
niques to project activities in order to
meet or exceed stakeholder needs and
expectations" (PMI Standards Commit-
tee, 1996) - suffers from numerous prob-
lems due to static and dynamic com-
plexity of projects. The static complex-
ity of a project results from its intrinsic
elements, i.e. project scope, time, cost,
and resource and their mutual-restrict-
ed relationships. The scale of a project
serves as a multiplier that determines
how complicated these scope-time-
cost-resources relationships can be.
Static complexity can be described as:

Static complexity of a

project = scale x

(scope N time N cost N resources)
where “n” is the symbol
‘Intersection’, mapping
mutual-restricted relationships
among project scope, time, cost,
and resources.

The dynamic complexity of a
project is the result of project changes
during the project life cycle. These
changes include alterations of project
scope, time, cost, and resources. They
are invoked by a number of potential
environmental factors (Lientz et al.,
1995) that can be classified into follow-
ing two types:
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- social factors: regulation, parent
company and subsidiary rela-
tionship, labor union and
organization relationship,
political elements

- nature-related factors: technol-
ogy, development of technology,
competition, market globaliza-
tion, escalation of customer's
expectation

Compared to nature-related fac-
tors, social factors are relative stable.
They are easy to detect but difficult to
be forecasted. Nature-related factors are
more objective than social factors, but
they change more frequently. Environ-
mental factors influence each other in
every phase of a project. For example,
the alteration of political elements can
seriously affect the utilization of current
technology and the development of
technology, as well as competition pat-
terns and the global market for a project.
Project execution could become ex-
tremely complicated when several or all
of these factors are involved simultane-
ously. Each of them could induce dis-
turbance or improvement and the out-
put of a project is affected by their joint
effect. As cardinal elements of project
management, they must be considered
both in early project planning phases
and project execution and control phas-
es.

In order to manage the static and
dynamic complexities of a project, a
process-oriented model for project
management modeling and a set of
methods are suggested in the following
sections.

A Process-oriented Model for
Project Management

A project model is an abstraction of
project reality in terms of some formal-
ism by filtering out irrelevant details and
displaying only information that is es-
sential. It embodies the static complex-
ity of a project in terms of project scope,
cost, time, and resources. Because it is
used to exhibit only those features and
characteristics which are necessary, this
model helps us to grasp critical elements
and their relationships in the project.
As an aggregation of project informa-
tion, it can be adjusted in course of
project execution. A project model
serves not only as a platform upon
which the common understanding can
be obtained but also as a baseline for
project coordinating, prediction, deci-
sion-making, and improvement. A suc-
cessful project model can be re-used as
a template in many similar situations.

Decomposition

A process is an independent function-
al unit that can transform some type of
input into same or other type of output
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with the assistance of specified mecha-
nism and control information. It can be
applied to accomplish a complete work
package of the project. The functional
view of a process is depicted in Figure
1. Process controls and mechanisms are
part of the inputs, but they also provide
information for control (e.g. a standard)
as well as physical resources (e.g. a com-
puter) for a process. Usually, they will
not be transformed during the execu-
tion of the process.

A project contains a number of
processes. These processes may be fur-
ther decomposed until the elementary
process level is obtained. As shown in
Figure 2, an elementary process is con-
stituted by a series of activities. Each of
them carries out a part of the process
function. The functional properties of
a process make it to be a natural basic
unit for project modeling.

Figure 3 shows an example of the
decomposition of a manufacturing
project. The project is divided into four
processes: engineering, fabrication, as-
sembly, and project management. Ac-
cording to the Project Management
Institute (PMI Standards Committee,
1996), a project management process
can be further divided into nine sub-
processes as shown in the figure. Each
of these sub-processes consists of sever-
al elementary processes. For example,
the project integration management

Project Management 1/98

>

Process Generating

Figure 4. A Process-oriented Project Model

process is divided into three elementa-
ry processes: project plan development,
project plan execution, and overall
change control. Each elementary proc-
ess includes at least one activity.

A Process-oriented Project Model

A process-oriented project model fo-
cuses on describing the essence of a
project by its interrelated processes.
Processes are classified according to
their types of attributes. Attributes of a
process are properties that represent its
uniqueness. In project management,
process attributes may be classified into
three types:

- organization attributes: describe
organizational properties for a
process, e.g. type of process
ownership, number of owner,

- resource attributes: describe
resource-related information for
a process, e.g. type, name, and
quantity of resources,

- information attributes: describe
process-related data, e.g. process
history data, type of process
precedence or successor, process
duration.

Figure 4 shows a two-dimension-
al project model. The horizontal axis
represents the generation of processes
in a project. This procedure itself de-
scribes the process-oriented decompo-
sition of a project that was discussed in

previous section. The generation of a
process can be evaluated by following
criteria:
- necessity: a non-value-adding
process is unnecessary;

- explicitness: a process should be
defined to avoid cross-function-
al conflict;

- sufficiency: a set of processes
should be designed in the way
that represents essence of the
whole project;

- interrelated: all processes in
same project are coherently
related.

The vertical axis represents the
attribute replenishing procedure. The
classification of process attributes was
described in the previous section.

According to their negative or
positive effect in project execution,
project environmental factors can be
classified into disturbance and improve-
ment factors. An improvement factor
causes innovation or other positive
changes in a project while a disturbance
factor hinders or delays progress of the
project.

In order to perform the on-line
control and coordination of the project
change, an environmental factor will be
analyzed and decomposed into three
aspects (organization, resource, and in-
formation) once it is triggered. For ex-
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ample, the improvement from technol-
ogy factor could affect organizational
structure (e.g. by requiring a new organ-
izational structure), cause a redistribu-
tion of project resources (e.g. the project
processes which utilize new technolo-
gy may need less resources and the
'saved' resource can be reassigned to
others), and require more information
because of the new technology. After
all environmental factors are decom-
posed, a total effect on each aspect of
the project can be determined. For ex-
ample, for any environmental factors Ei,
it can be decomposed into three as-
pects:

E (O, Ri, li), where
Ei: environmentd factor;
Oi: organization aspect for Ei;
Ri: resource aspect for Ei;
li: information aspect for Ei.

Total effect on organization aspect = 3 O..
Total effect on resource aspect =y Ri.
Total effect on information aspect = 3 Ii.

By distributing these total effects
on relative project processes, the influ-
ence of environment factors on each
process unit is clearly defined. Consid-
ering the inter-relationships among
processes, several suggestions on coor-
dinating these impacts under current
situation of the project are proposed.
An optimal solution will be obtained by
testing these proposals under simula-
tion.

A Set of Modeling Methods for
Process-oriented Project
Modeling

In order to build a process-oriented
project model successfully, modeling
methods and techniques are needed.
Among a number of existing project
modeling methods and techniques,
Gantt chart, critical path method
(CPM), program evaluation and review
technique (PERT), work breakdown
structures (WBS), and project network
techniques (PNTs) have been success-
fully applied in many projects. The typ-
ical disadvantages with the above men-
tioned modeling methods are:
1. Non-comprehensive description of
processes and their relationships
In course of process-oriented
project modeling, Gantt chart and
WBS can be applied to describe
static inherence of a project by
decomposing project scope into
processes. But neither of them
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Figure 5. A set of modeling methods
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Mechanisms

Figure 6. IDEFO graphical

provides a clear functional view of
the process.

. Lack of integration of project scope,

resource, and information

None of current project modeling
methods/techniques has a formal
description of integrated view of
project scope, resources, and
information.

. Limitation of simulation ability

One of the most important goals
of project modeling is to assist
project decision-making. This
requires that project model
possesses the potential of simula-
tion which can be applied to trace
the project plan from project
proposal in different phases.
Among all those project modeling
methods and techniques men-
tioned above, the PNTs were
developed in order to solve the
simulation and modification
problems during the mid-1950s
and early 1960s (Locker, 1996).
The simulation carried out by
PNTs model is used to determine
whether the duration of a process
can be adjusted so that the project
schedule can be met. Because the

notion of a process unit

duration of a process usually
depends on the amount of re-
sources available for the process
and this resource view is ambigu-
ously expressed in a PNTs model,
this method can hardly be used to
simulate a project in a comprehen-
sive view. Besides, the PNTs model
represents the proposed project as
a diagram that built up from a
series of arrows and nodes, its
ability for large-scale project
simulation and modification is
limited.

4. Deficiency when dealing with non-
precise data
In course of project model build-
ing, many non-foreseeable events
exist and non-precise data must be
used in modeling. None of the
existing project modeling tech-
niques can provide such a mecha-
nism to deal with this problem.

These shortcomings can be rem-
edied by utilizing IDEFO, Petri Nets, and
fuzzy logic. Figure 5 shows a modeling
method set that consists of WBS,
IDEFO, CPM, PERT, PNTs, Petri Nets,
and fuzzy logic with Gantt chart in its
center.
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This modeling method set starts
by describing project static complexity.
WBS is used to decompose project
scope into processes and these process-
es are further decomposed until elemen-
tary process units are achieved. Because
we apply a process as the basic unit for
modeling, it is necessary to define its
relative information in its functional
view. In order to do so, IDEFOQ is applied.
This functional description of a proc-
ess is depicted in Figure 6. Process name
describes the function utilized to trans-
fer inputs into expected outputs. Inputs
elaborate basic requirement of process
execution. They are classified in three
categories: resource, organizational, and
informational. Control and mechanism
could also be described in these three
forms, but mostly the control takes the
form of information and the mechanism
represents information or physical re-
sources (Vernadat, 1996).

The process duration is calculat-
ed by applying PERT or CPM. While
CPM deals with deterministic activity
duration, PERT uses three elapsed times
(optimistic time, most likely time, and
pessimistic time) for further calculation.
Both methods need the participation of
persons who are familiar with techni-
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cal aspect of processes. By combining
PERT and CPM together with PNTs,
the logical structure of processes in the
project is built.

In order to integrate a finite de-
scription of project views in this proc-
ess model, Colored Petri Nets are used.
Further, for handling of non-precise
data, Fuzzy Logic can be applied. In the
following sections, Colored Petri Nets
and Fuzzy Logic will be elaborated.

Colored Petri Nets

Petri Net (PN), proposed first in Carl
Adam Petri's dissertation in 1962 for the
analysis of concurrent computer sys-
tems, are a graphical oriented language
for design, specification, simulation and
verification of systems. It is particularly
well suited for the description of proc-
esses in which communication, syn-
chronization and resource sharing are
important.

However, the graphical represen-
tation of PN models is complicated even
for medium-sized projects since such
graphs tend to become excessively large.
A Colored Petri Net (CPN) is a variant
which enables a more concise represen-
tation with the same modeling power.

The development of CPN has been

driven by the desire to develop a mod-
eling language - at the same time theo-
retically well founded and versatile
enough to be used in practice for com-
plex processes.

A Petri Net - also named Place/
Transition Net - is a net structure that
consists of two disjoint sets: places (rep-
resented by circles) and transitions
(represented by bars) which are con-
nected by directed arcs (edges). Places
can include tokens that move from one
place to another when transitions can
be fired. Place/Transition nets can be
extended to Colored Petri Nets by fold-
ing of the net elements. The places and
transitions of the PN occur in the CPN
as colors in places or transitions (Fig-
ure 7).

Colored Petri Nets have the fol-
lowing definition (Jensen, 1992; Feng-
ler, 1993):

ACPNisa 7-tuple (P, T, F, C, V, K, m,) witt

: set of places
: set of transitions
flow relation F = (PxT) O (TxP)
: color function
: multiplicity
: capacity
my: initial marking (token)

~A<Omam

The CPN in Figure 7 represents
in general an assembly process (see Fig-
ure 3) that has various kinds of raw
material as input and the finished prod-
ucts as output. This process can be fur-
ther decomposed. The different colors
in the places which correspond to in-
puts of the process can symbolize con-
ditions, data, raw material or human/
physical resources. For instance, two
colors inside a place represent two var-
ious kinds of raw materials. The colors
in the places that correspond to outputs
can be post-conditions, processed data,
products, parts of product or released
resources. The number of token indi-
cates the number of objects available in
the store (place). The capacity shows
the maximal allowed number of objects.
The colored transitions symbolize
events, data processing, manufacturing
operations or project activities. The arcs
establish the connection - of material
or informal kind - between the places
and the transitions according to the la-
bel of the arcs. The multiplicity repre-
sents the number of items of data or
materials that are either necessary or
generated.

For the description of environ-
mental influences, the CPN will be ex-
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tended with four additional functions
(Figure 8). The valuation function wx
can be used as an additional condition
that means the influence on the proc-
ess. The variables or expressions at the
transitions re-present for example bina-
ry sensor si-gnals. The output function
wy shows the current state of the proc-
ess, machine or plant. The varia-bles at
the places represent for example con-
trol signals. The time function wt leads
to a more real description of the proc-
ess. At the transitions, either time du-
ration or a time delay can be specified.
The action function wa realizes an as-
signment of the process to places or
transitions by ele-mentary description
means, for example commands in State-
ment List (SL). All of these are valid
per color (Wendt, 1994).

There is one more additional
function (Figure 8). The data function
wd can assign data structures to the
colors in the places. It represents per
place and color a cache for additional
information (data). The value of all
functions has an influence whether a
transition can be fired, apart from the
data function.

CPNs provide a real-time related
modeling approach that can be used to
analyze the dynamic behavior of the
system. Combining with IDEFO, the
flows of dynamic processes are effort-
lessly extracted. CPN can be introduced
into project management area because
of their timing-related property. The
dynamic states of the ongoing project
can be easily identified and the effects
of system perturbation, for example
project scope changing, time varying or
resource modification, can be analyzed.
CPN can be used for project planning,
problem forecast, conflict solving, per-
formance analysis and system simula-
tion.

Fuzzy Logic - Fuzzy-valued Petri
Nets

In real life processes there are non-fore-
seeable events. Non-foreseeable events
cannot be described adequately with
their statistical properties. If data, and
hence knowledge, are not precise, fuzzy-
logic modeling should be employed by
transforming the human expertise into
[F-THEN rules and membership func-
tions in order to solve such problems
(Phillis, 1998). The use of fuzzy logic
has been spreading in traditionally non-
fuzzy methods and application areas.
This also concerns the theory of Petri
Nets providing simulation and analysis
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techniques for many domains.

With the combination of the the-
ories of Petri Nets and Fuzzy Logic con-
cepts for so-called Fuzzy Petri Nets
(FPN) could be developed. Numerous
authors have been contributed to this
field, for example Chun (1993), Konar
(1996) or Lipp (1995).

In this paper the Fuzzy-valued
Colored Petri Nets (FCPN) will be in-
troduced (Wendt, 1996). These nets are
a further development of the Colored
Petri by extending the colored transi-
tions with a fuzzy-valuation function wft
(Figure 8) and by connecting fuzzy var-
iables to tokens (markings).

The fuzzy-valuation function
generates a set of valuation marks for
the transition that influences whether
the single transition color is fired or not.
The firing-ability depends on the fol-
lowing conditions:

- number of tokens at input-
places, per color

- number of tokens at output-
places, per color

- value of a threshold from which
the transition can fire (switch),
per color and

- values of fuzzy variables of single
tokens.

All this information can be com-
bined in different ways in order to make
a decision in which color the transition
is fired. As opposed to Dubois (1989),
the transition is fired as in Place/Tran-
sitions Nets (non-fuzzy).

A Fuzzy-valued Petri Net is sim-
ulated as follows: The pre- and post-
conditions are tested with each clock.
If fuzzy algorithms are defined, a fuzzy
interpreter is started and the fuzzy rules
are worked. The result of that is reflect-
ed in possible change of the fuzzy varia-
bles of the tokens or in the conflict res-
olution or in the influence of the fir-
ing-ability.

In the following it is explained
how Fuzzy Logic is used. After inter-
views with experts or operators who
having experience on the process (for
example a production process), one can
find out by which rules decisions are
taken and in which priorities the rules
are involved. Following rules could be
possible:

Rule I:  Ifajobis very urgent,
then it has to be
processed as soon as
possible.

Rule II: The more urgent the

job, the higher the
qualification of the
operator has to be.
The operator with the
best qualification takes
the most urgent jobs.

The next step is to define the
most important criteria for the rules, for
example it can be the urgency of a job
or qualification of the operators. After
that, a linguistic variable is generated
for every criterion, for example "Urgen-
cy" or "Qualification". Then the output
linguistic variable for making a decision
is defined. Usually this variable is fuzz-
ificated in a fuzzy-valuation function.
Every variable has some terms (from one
to seven); normally there are five or
three (for example the terms "low",
"normal" and "high"). The state of a lin-
guistic variable is represented by the
grade of the fulfillment of its terms. So
for example, the room temperature of
22°C is classified with a probability of
0% as "low", 60% as "normal" and 40%
as "high". If there is one term that is
more important than another then the
membership function has to be
changed. From experience it is recom-
mended to use triangular terms.

After defining the linguistic vari-
ables the second step should be the def-
inition of the rule blocks. The linguis-
tic variables (actually their terms) have
to be connected by fuzzy operators. The
MIN-MAX-operator is very often used
(Zimmermann, 1991). In order to keep
the rules clearly arranged it is better to
connect not more than two input vari-
ables by one rule block. Thus, further
linguistic intermediate variables are
necessary.

The intermediate variables are
connected again in order to get a deci-
sion note. This note states for example
when a job is urgent enough, so that it
has to be processed immediately. Such
notes are computed for all variable-
pairs, so that the settlement of conflict
situations in the net becomes clear.

After defining and verifying the
fuzzy algorithm in a special tool it can
be attached to the fuzzy-valuated Color-
ed Petri Net. The fuzzy-valuation func-
tions are placed at those transitions that
are related to the fuzzy rules. The fuzzy-
valuation function will run every time
if the transition is ready to be fired.
Depending on the amount of tokens at
the pre-places and on the values of data
structures of tokens a set of notes is
computed and the pair with the best



note is chosen, and the transition is
fired.

The input of linguistic variables
with membership functions and their
combinations can be made with a sepa-
rate tool, for example FuzzyTECH
(FTECH, 1996), where the fuzzy algo-
rithm can be tested and verified, orin a
Petri Net tool, called PENECA (PNC,
1997), having the same functionality.

In real life cases, there are often
large numbers of rules that partly con-
tradict each other. The fuzzy approach
seems to be better applied for such con-
tradictions than deterministic or sto-
chastic concepts. The simulation with
fuzzy valuation determines more pre-
cisely the order of processing and the
connection of jobs to the machines and
operators than it is possible with fixed
rules and numbers.

The FCPN are, among other
things, used to create models for fore-
casts and decision-making. Therefore
especially the processes that are not al-
gorithmic definable as well as the non-
adequately definable influences, for ex-
ample human behavior, are considered.

Conclusion and Future Work

The paper discusses the problems with
existing modelling methods and tech-
niques in project management; existing
modeling methods and techniques in
project management can hardly cover
all aspects required by process-orient-
ed project modeling in all project stag-
es. It is suggested that disadvantages
with current methods can be eliminat-
ed by using IDEF0, Colored Petri Nets
(CPN) and Fuzzy Logic combined with
present project management tech-
niques. IDEFO is a powerful method in
terms of functional modeling capabili-
ties. It provides advanced features to
model the control flow of processes (in-
formation, resource, and organization
aspects) and can be easily transformed
into equivalent Petri Nets. Colored
Petri Nets are mostly used for detailed
analysis of the produced models. Fuzzy
Logic can be applied for handling of
non-precise data. Combining CPN and
Fuzzy Logic, the main objective of the
model is to simulate the process in or-
der to be able to forecast future perform-
ance of the system as exact as possible.

Future work includes further ver-
ification of the process-oriented project
model and the modeling method set by
carrying out case studies in a wide range
of practical domains. The design of an
integrated measurement system is nec-
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essary for quantifying and evaluating
efficiency and effectiveness of process
performance in each project manage-
ment phase.
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B CATEGORY: RESEARCH

Analyzing the Context and Process
of Inter-Firm Projects

Jonas Soderlund, Sloan School of Management, MIT and IMIE, Linkping University

The interaction-context between client and contractor in large projects is often characterized by technological
uncertainty, and by not being embedded in a long-term buyer-seller relationship. These characteristics call for
special attention both from a managerial and a theoretical point of view. In this article we discuss the overall
question of how project transactions are regulated in such dyadic relationships. The research is based on a
multiple case study of projects within three Scandinavian project-based. The overall aim of the article is to
outline a framework of important situational factors and to analyze important aspects of the interaction pro-
cess in project situations characterized by low continuity and high technological uncertainty. From the analysis
of projects characterized by low continuity and high technological uncertainty we identify two managerial
strategies that seemed to be used to avoid these situations. We label these two strategies technology-control-
ling and relationship-building. However, in certain situations these managerial strategies might not only be
unfeasible but also economically irrational. Moreover, we analyze and discuss problems associated with pro-
jects characterized by low continuity and high technological uncertainty.

Inter-Firm Relations in Large
Projects

The question of how transactions
among firms are regulated has attract-
ed researchers for a long period of time.
The well-known transaction cost the-
ory points to the importance of trans-
action costs to understand the appro-
priate coordination structures (Wil-
liamson, 1975). This view has been crit-
icized from several perspectives for tak-
ing a short-term view of transactions,
and ignoring social issues between eco-
nomic actors (Johanson and Mattsson,
1987). In contrast, the network ap-
proach of industrial marketing puts
greater emphasis on social aspects and
relationships in marketing and selling
activities (Hakansson, 1982). The lit-
erature on interactions on industrial
markets focuses on two key aspects; in-
terdependency and trust, which are
both considered to be consequences of
long-term interaction (Liljegren, 1988).
One might assume that such continui-
ty is very dependent on the expecta-
tions of future interactions, which form
a basic trust between the interacting
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parties (see also Axelrod, 1984; Lewicki
and Bunker, 1996; Zucker, 1986). Our
argument is that none of the theoreti-
cal frameworks provided so far, has shed
light on the unique problematic of in-
ter-firm relationships when the trans-
action is a complex and technological-
ly uncertain project.

Projects have certain character-
istics that call for special interest, such
as being time-limited, complex, unique
etc. (Bresnen, 1990; Packendorff,
1995). One might expect that these
characteristics affect the interaction
context between buyer and seller that
is the focus of this article. Our starting
point in the analysis rests on certain
assumptions about project-based indus-
tries. Obviously, any statement, with
regards to what a project is and what
characterizes a project-based industry,
will rely on ideal typical thinking. In our
analysis we will especially consider the
following:

- Firms in the interaction process
have limited experience of
working together,

- Firms have limited prospects of

working together again, and

- Projects are often complex or
uncertain.

To begin with, let us consider two
of the dominant perspectives in the
analysis of interactions between firms,
namely the interaction approach (or
network approach), and transaction
cost economics, and relate the above
mentioned characteristics to these
schools of thought. In our view the net-
work approach places too strong an
empbhasis on the existence of long-term
relationships between buyer and seller
to fully explain situations of project-
based industry. Transaction cost eco-
nomics, on the other hand, would as-
sume that projects should be performed
within a hierarchical order due to the
low transaction frequency and the high
uncertainty (Winch, 1995). However,
hierarchical arrangements are not ob-
served as there are two parties involved
in the interaction process, the contrac-
tor and the client. Within the literature
on project-based business, the low fre-
quency of purchase has led writers to
introduce the notion of managing 'dis-



continuities' (Hadjikhani, 1994). In line
with this, some writers have even ar-
gued that there is a need for a separate
theory for the project-based organiza-
tion and its marketing activities (Ban-
sard et al, 1993; Cova and Holstius,
1993). These writers, though, have gen-
erally focused on the time prior to con-
tract writing, thus downplaying the in-
teraction during project execution. Our
research has not focused the buying or
selling behavior of the two organiza-
tions. Instead we have tried to capture
the interaction context and process
during the completion of the project.
A time period often as long as three or
four years where there is a great need
for extensive communication and shar-
ing of information and knowledge be-
tween the parties involved. Our per-
spective mainly considers the project
from the view-point of the contractor.

The research stems from single
case studies of three projects within the
companies, one project in each firm.
From these case studies, which were
inductive in nature, we were able to
construct different explanations of each
project. In the analysis section we use
the concepts of technological uncer-
tainty and continuity of the customer-
supplier relationship to explore charac-
teristics of project dyads. Moreover,
from the analytical concepts we identi-
fy different situations and discuss the
problem of managing projects in these
different contexts. Our analysis will es-
pecially consider projects that are tech-
nologically uncertain and where the
interaction is not embedded in a long-
term relationship between the firms.
Realizing that these are not character-
istics of all types of projects we still be-
lieve that quite a few projects have as-
pects that are related to these charac-
teristics. Thus, we argue that lessons
can be learned from the ideal type situ-
ation of technological uncertainty and
discontinuity. Qur main point with
these characteristics is to emphasize
certain problems of project-based indus-
tries and the managerial problems con-
nected with these problems. It is not our
intention to provide a total analysis of
these complex issues but rather to con-
tribute in a discussion of important sit-
uational factors and in what ways these
factors can be handled.

Research Approach and
Methodology

Our research is guided by an abductive
approach using empirical regularities as
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the basis for generating empirically
grounded theory (Alvesson and Skold-
berg, 1997; Séderlund, 1998). The ar-
ticle reports on findings from studies of
three Scandinavian firms (see appendix
1). In these firms we have studied main-
ly two different levels of analysis; project
management and top management. In
Alpha, which operates in the boiler
business, we have studied two projects,
one in each of the firm's two divisions.
One of the projects was embedded in a
long-term relationship, the other was
not, both projects were associated with
degrees of technological uncertainty. In
Beta, which mainly operates in the pow-
er transmission area, we studied two
projects similar two to the ones in Al-
pha, that is both projects were associ-
ated with uncertainties in the used
technology. In the Beta case, one of the
projects was embedded in a long-term
relationship, while the other was more
clearly a relationship of a time-limited
nature. In the third study we collected
data from four projects. The firm under
study-Gamma-operates in the industry
of telecommunications. Two of the
projects that we studied were associat-
ed with rather high degrees of techno-
logical uncertainty. All the projects
were embedded in long-term and con-
tinuous relationship between client and
supplying firm. During the research
process we have conducted over seven-
ty interviews with members of project
management and top management (the
projects and firms are classified and
briefly described in the appendix).

Aim and Outline

The overall aim of the article is to ana-
lyze and explore the context and proc-
ess of customer-buyer rela-
tionship in project-based

ried out. After that we proceed our
analysis by focusing on the process of
interaction between client and contrac-
tor. This analysis is mainly one that
seeks to increase our understanding
how firms operating in project-based
industries through managerial activities
can manage the relationship with their
clients during project completion.

A Framework for the Analysis of
Interaction Contexts

In this section we suggest a framework
focusing on two important dimensions
of project contexts, namely technolog-
ical uncertainty and relationship dis-
continuity. These overall characteristics
are directly derived from the character-
istics discussed previously. The frame-
work will serve as our starting point in
a discussion about the dyadic relations
in projects. Many projects are associat-
ed with technological uncertainty, as
they deal, for example, with not com-
pletely well known technologies. We
define technological uncertainty as a
situation where the means and ends of
the project are difficult to define in ad-
vance (cf. Ahmed 1993; Hellgren and
Stjernberg 1995). Furthermore, as we
stated earlier, project-based business is
often characterized by discontinuity, i.e.
a low frequency of purchase (Hadjikha-
ni 1994). We define high continuity as
a situation where the project is more or
less embedded in a long-term relation
between buyer and seller, i.e. a situation
where the firms have limited experience
of working together and limited pros-
pects of working together again in the
future. We can therefore present the
following grid, identifying four types of
contexts in which projects are carried
out.

industries by providing a
coherent framework and
analytical concepts. The
article is structured in the
following way. First, we pro-
vide a framework that iden-
tifies important contextual
factors of project business.

.
Then we discuss different |
types of relationship con- E
texts and propose different E
types of exchange relations 0

that emerge from the ana-
lytical framework. We iden-
tify and discuss two overall
strategies that firms seem to

Technological
uncerianiy

E

adopt to handle the context
in which projects are car-

Figure 1. A typology of project dyadic contexts

Page 87



We will shortly discuss each of
these four situations and contexts in the
following analysis, starting with situa-
tion 1.

I: Low uncertainty, low continuity

In a situation where technology is
known and the means and ends are rel-
atively easy to specify before a project
begins, it is theoretically possible to
write a detailed formal contract and
make the project manager responsible
for fulfilling the terms specified (cf.
Macaulay, 1963). The buyer-seller re-
lation will be at 'arms-length' distance
and the supplier can carry out the
project based on the specification in the
contract. The atmosphere is character-
ized by competition and the actors feel
that it is a win-lose situation, very much
related to how e.g. Porter (1980) de-
scribes the function of the market. We
will relate this type of exchange rela-
tion as a 'contract-based exchange re-
lation'. The way to manage the project
is in theory well described in the tradi-
tional project management literature
(e.g. Burke, 1993; Lock, 1996; Meredith
and Mantel, 1995) and in the discus-
sion of repetitive projects (Lundin and
Séderholm, 1995), where focus is upon
rather standardized project manage-
ment tools, planning techniques and
methods.

II: Low uncertainty, high continuity

When buyer and seller both have a
long-term ambition with the relation-
ship, different forms of ties between the
firms are likely to emerge (cf. Eccles,
1981). The interaction process, as de-
scribed in e.g. Hikansson (1982), con-
sists of different kinds of episodes and
exchanges which create a pattern that
becomes routinized over time. As inter-
action processes are repeated, the par-
ties learn what to expect from each oth-
er. Thus one might speak of common
learning in these situations. Moreover,
as this learning and these expectations
become more or less institutionalized
they tend not to be questioned by the
parties involved (cf. Powell, 1990). This
process reduces complexity and costs,
and makes the cooperation smoother
(H8kansson and Snehota, 1995; Sahl-
in-Andersson, 1992). As in the situa-
tion discussed in the previous section,
contracts and formal plans work well to
specify the project in detail a priori (see
also Madhok, 1995). A project in this
situation is also of a repetitive nature
(Lundin & Séderholm, 1995); howev-

er, in a situation of very high continui-
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ty it might not even be necessary to
have a detailed formal contract if the
degree of routinization is high, signal-
ing 'business as usual.' In a situation
characterized by low uncertainty and
high continuity the interactions are as-
sumed to form routines, clear roles for
the parties, which lead to forms of routi-
nized behavior (cf. Noorderhaven,
1995). Such a situation will lead to,
what we label, a 'routine-based ex-
change relation.'

III: High uncertainty, high continuity

Under technological uncertainty the
applicability of contracts and formal
plans becomes limited. In such a situa-
tion the means and ends of the project
cannot easily be specified in advance.
The technological uncertainty calls for
constant re-definitions of the project
and of the interaction between the par-
ties. Routinized behavior as discussed
above will not be sufficient due to the
technological uncertainty. Instead a
learning process is called for. We might
assume that the deeply rooted long-
term mutuality between the parties will
prevent opportunistic behavior on the
part of the actors involved in the spe-
cific project in much the same way as
infinite games are treated in traditional
game theory. As continuity is prevalent,
actors have a certain degree of trust
based on past exchange and from an
economic perspective on expectations
of future interaction specific to the re-
lationship. This basic level of trust forms
the basis from where the learning proc-

ess can evolve. We have chosen to la-
bel this a 'process-based exchange rela-
tion' (see also Perrow, 1986; Zucker,
1986).

IV: High uncertainty, low continuity

A situation with high uncertainty and
low continuity generates projects of a
unique type (cf. Lundin and Séderholm,
1995). In such projects, standardized
and traditional project management
tools have probably limited applicabili-
ty. We argue that in a situation where
technological uncertainty is prevalent
it is necessary to facilitate an open flow
of information between the organiza-
tions in order to solve the unforeseen
problems that occur when technology
is uncertain. This calls for 'organic' or-
ganizing principles that seem to require
a high level of trust (Burns and Stalker,
1961) and a project management style
that allows for a significant degree of
learning both in terms of technological
characteristics and of learning about the
other party (cf. Bennis and Slater,
1968). The paradox however, is that
organic principles of organizing rely
heavily on mutual trust that stems from
previous interaction or expectations of
future ones, which are no characteris-
tics of project-based business.

Trust is obviously an elusive con-
cept (Gambetta, 1988; Hosmer, 1995).
A certain degree of trust is necessary
even in writing the simplest contract
(Macaulay, 1963). In our analysis we
have used a simplified version of the
notion of trust focusing on future ex-
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Figure 2. A typology of exchange relations in project dyads



pectations, i.e. in line with the follow-
ing reasoning: 'if something goes wrong,
I act in your best interest, because you
will pay me back later.' This is not any
different from pure economic rational-
ity in terms of the value of the specific
relationship. However, this presuppos-
es a continuing relationship between
the two parties (cf. Alvesson and Lind-
kvist, 1993; Perrow, 1986). Generally
speaking, in temporary settings (Bryman
et. al, 1987) trust cannot be based on
either paying back old debts or on spec-
ulations about future revenues in terms
of the 'specific relationship'. Instead of
relating to the dyad, trust will be based
on the parties' roles and reputation in a
larger context (cf. Weigelt and Camer-
er, 1988). Trust is viewed here as a prod-
uct of the actors that relies on each ac-
tor's relation to the network. In such a
situation the reputation of each actor
will curb opportunistic behavior. How-
ever, a prerequisite for this is probably
that the network is relatively 'tight cou-
pled' and thus able to 'balance' actors'
performance in the long run (Meyerson
et al, 1996). Moreover, actors in the
interaction process must from an eco-
nomic standpoint have long-term am-
bitions for their membership in the
overall network. We assume that 'de-
fending' one's role and reputation in an
overall industrial network is a hin-
drance to and a prevention of oppor-
tunistic behavior in much the same way
as repeated games among known play-
ers are treated in traditional game the-
ory. Hence, our basic notion of the in-
teraction and exchange in this situation
relies upon a 'reputation-based ex-
change relation.' The following typolo-
gy summarizes the discussion in previ-
ous sections.

Strategies for Managing the
Interaction Context: Technology-
Controlling and Relationship-
Building

From the above-outlined framework we
identify two strategies that firms can
apply in order to avoid what we labeled
as situation IV. These strategies, how-
ever, are not totally coherent with our
empirical observations. The first we will
relate to as strategy of 'technology-con-
trolling', the other as a strategy of 'rela-
tionship-building'. Quite frequently we
have observed the technology-control-
ling strategy as firms try to avoid intro-
ducing unknown or uncertain in a
project where the firm does not have a
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long-term relationship with the client.
Thus, firms put a lot of effort in analyz-
ing the technology to be used and dif-
ferent ways to decrease the risk associ-
ated with the project by going for well-
known technological choices. Un-
known technologies seemed to be used
more frequently in situations where the
project was embedded in a long term
relationship

By applying the strategy of rela-
tionship-building managers can seek to
establish a longer-term relationship
with the client in order to avoid the
problems of often discussed as 'finite
games' (cf. Kreps, 1990). Hadjikhani
(1994) argues that in a situation of dis-
continuity, managers can take market-
ing actions to maintain or strengthen
the relationship for subsequent projects.
However, our observations did not point
to this strategy as being generally ap-
plied. In certain industries the time span
between projects delivered to the same
client is extremely long, often as long
as ten years, there is difficult to see the
reasons for a long term relationship. In
such situations the customer often seeks
a position to maintain and operate the
plant on its own, thus interdependen-
cies of technological character between
the parties will be weak in the long run.

The reason why, technology-con-
trolling, might be a bad strategy has to
do with risk-sharing and opportunities
to enter new markets early compared
to competitors. Here firms might gain
first-mover advantages and exploit win-
dows of opportunities if they dare take
the risk of project failures, which at least
theoretically should be expected to be
higher in situations of high technologi-
cal uncertainty. Moreover, the strategy
of relationship-building might also be
unfeasible for certain reasons, for exam-
ple that the client wants a free-stand-
ing position or that it is not within the
core activities of the supplying firm.

In sum, the above-discussed man-
agerial strategies are stylized ways to
'avoid' what we label 'situation IV
projects'. As we have argued these strat-
egies might in certain industries and
certain projects be unfeasible and eco-
nomically irrational. Hence, we need a
deeper understanding of not how to
avoid situation IV, but how to 'cope'
with it. As we have stated previously,
projects carried out in situations char-
acterized by low relationship continui-
ty and high technological uncertainty
should lead to several managerial chal-
lenges.

Analytical Concepts for
Managing the Interaction
Process: Time-Pacing and
Matching Hierarchies

The above analysis focused on the con-
text in which a project is carried out.
In our cases we observed patterns that
characterized project completion asso-
ciated with discontinuity and techno-
logical uncertainty. We believe that
firms who operate in project-based in-
dustries often face problems that are
related to these characteristics to a
greater or lesser extent, and thus face
somewhat similar problems that we ob-
served. In our studies of how the sup-
plying firm tried to manage the inter-
action process, we observed two impot-
tant issues; the first labeled time-pac-
ing, the other labeled matching hierar-
chies. We will briefly outline the mean-
ing and significance of these issues to
understand and manage the interaction
process.

In the projects under studied clas-
sified as 'situation III projects' we iden-
tified different types of routines and
mutual trust that played important roles
for the interaction process (in appen-
dix 1 labeled A1, B1, G3, G4). Howev-
er, in projects clustered as 'situation IV
projects' we observed a need for more
conscious managerial efforts to handle
the customer relationship (A2, B2). We
especially observed problems of pacing
the two firms' activities and problems
of a joint-decision making unit, hence
our concepts of time-pacing and match-
ing hierarchies.

To emphasize the difference be-
tween the two main clusters of our
study, situation III and situation IV (see
appendix 2), we start with analyzing the
role of continuity and what effects re-
lational embeddedness as expressed by
Granovetter (1992) have on the inter-
action process. When a project is em-
bedded in a long-term relationship cer-
tain routines get established and mutu-
al adjustments and trust will be preva-
lent. These forms of coordination seem
to handle the problems of pacing and
joint-decision making. As a contrast,
projects associated with low continuity
and high technological uncertainty
cannot rely on either of these mecha-
nisms of coordination. Instead the
projects rely on reputation-based issues
as outlined above, which might curb
opportunistic behavior but not function
as a sufficient way to establish a well-
functioning interaction process. Thus,
we need to take a closer look at certain
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aspects related to how the firms inter-
act during the process of project com-
pletion.

Theoretically the above-men-
tioned issues of inter-firm coordination
is a classical question. Our discussion
of matching hierarchies bears similari-
ties with Stinchcombe's (1985) analy-
sis of the so-called 'violation' of the 'de-
coupling principle' in project-based in-
dustries. In this way; due to complexi-
ties and uncertainties connected with
project transactions, it is very difficult
to determine who is responsible for what
and to decide upon joint action when
several parties are involved with con-
flicting goal orientation. It is in a sense
a classical discussion about boundaries
between firms and in that way draws on
transaction cost theory and discusses
hierarchical versus market-based ways
of coordinating activities.

Our concept of time-pacing has
an orientation towards understanding
how activities between firms are coor-
dinated from a time perspective. In our
studies we frequently observed that the
client and contractor that worked on
interdependent parts within the
projects had a hard time figuring out
when activities best should take place.
As an example, the client seemed to
have a different agenda and a different
time schedule and thus a different list
of priorities than the contractor. More-
over, the two interacting firms also
seemed to rely on different macro-cy-
cles, which they related and structured
their present action against. In such a
situation, the client had an important
deadline to meet while the contractor
had a different deadline to meet which
led the interacting parties to speed up
their activities and increase their level
of effort at different points in time. In
such a situation the client required an-
swers on questions that the contractor
had not yet started to frame and ana-
lyze. In the studied projects in cluster
IV (A2, B2) we observed that the cli-
ents seemed to be 'ahead' of the con-
tractor. The clients had started earlier
and were in this sense closer to the fi-
nal deadline from their point of view
compared to the contractor. One of the
project managers expressed it like "the
client did not have an understanding
of our situation and our way of work-
ing" (Project Manager, Alpha). In an-
other project the situation was de-
scribed as "the customer wanted an-
swers on things that we hadn't even
start thinking about. Everyone that
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knows about this process, knows that
these things can't be set until later stages
of project" (Project Engineer, Beta).

Obviously, it does not always have
to be the case that the client is ahead
of the contractor, the opposite might
just be as common. Our main point with
this discussion is to show the impor-
tance that both parties need to pace
their activities due to interdependen-
cies between their respective activities.
Moreover, the discussion also shows
that each party has different perspec-
tive on the project and what needs to
be done in certain stages, and that this
might not be fully compatible with the
best way of working for each single ac-
tor. Hence, in technological uncertain
and complex projects it is probably dif-
ficult and problematic to make a clear
cut 'decoupling' between each party in
the interaction process. Thus, from such
a perspective the actors cannot take a
standpoint where the project is viewed
only from either a customer perspective
or a supplier perspective and the respec-
tive processes.

As the activities between the in-
teracting parties are interdependent,
one would expect that there be several
occasions when the parties need to
make joint-decision making, which was
the case in the projects under study. In
our studies we have found that there is
a need for what could be seen as a 'last
resort’ in decision making. The logic
behind this is that when differences in
opinion between for example the two
firms' project managers appear, they
have the possibility to move the deci-
sion up one step in the hierarchical lad-
ders, making it a top management is-
sue. Top management, often only a
group of four persons, seemed to have
easier and more power to handle the
problems on a trust-based manner. Fol-
lowing to that the project management
of each company could follow the di-
rection set by the top management. Our
cases also showed that it seemed to be
important not to enter legal discussions
that focused on dividing responsibility
between the parties, but instead, build
a shared understanding on top manage-
ment level. Moreover, it also seemed to
be important that the levels within each
firm's hierarchical levels were not inter-
fered. This made it easier to take a new
look at the problem and the decision
and also to avoid problems of prestige
that had gotten into the situation on a
lower hierarchical level

Concluding Remarks

In this article we have presented a frame-
work of contextual factors for analyzing
project dyads. In each of these situations,
a basic exchange relation was identified.
In simple situations contracts are theo-
retically a sufficient way to regulate the
relationship between the two parties. A
situation characterized by high continui-
ty and low technological uncertainty,
opens up for opportunities to establish
routines for the interaction process. In
such a situation it seems fitting to assume
that the regulation of the exchange will
be 'routine-based.' Higher levels of tech-
nological uncertainty call for more 'organ-
ic' approaches towards the interaction
process. We assume that neither contracts
nor routines will be well suited; instead
the actors' long-term ambitions within the
dyad will constitute the main regulating
basis. In these situations we therefore sug-
gest a 'process-based exchange relation' to
be well-functioning. The situation depict-
ed in our fourth quadrant, characterized
by low continuity and high technological
uncertainty, calls for other forms of regu-
lating bases than trust towards the specif-
ic relationship. Instead, the overall indus-
trial network and the actors' roles and rep-
utations in that population will produce
a certain degree of trust. Here actors may
fear e.g. that a bad reputation will affect
their future relationship with other actors
in the network. We labeled this a 'reputa-
tion-based exchange relation.'

As we continued our analysis we
laid more focus on the interaction proc-
ess. By this we especially mean the way
the supplying firm seeks to manage the
relationship during project completion.
Our findings point to the importance of
time-pacing and matching hierarchies.
Time-pacing relates to the problem that
the parties seemed to be in different phas-
es of the project, asking different ques-
tions, and working in different rhythms.
Hence time-pacing draws attention to the
lack of routines and existing structures
that often characterizes the interaction
between firms that have limited experi-
ence of working together. The concept of
matching hierarchies is related to the lack
of a long-term perspective as the parties
have limited prospects of working togeth-
er and the problem of establishing a joint-
decision unit. Hence, it draws attention
to the importance of a last resort in han-
dling unexpected (not-contracted-for)
contingencies. In such situations top man-
agement plays key role to handle issues
on a more trust-oriented and personal
basis.
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APPENDIX 1

Classification of projects under
study

Alpha

- Type of industry: Chemical
recovery and power generation
boilers

- Number of projects studied: 2

- Project 1: Low continuity, high
technological uncertainty (Al)

- Project 2: High continuity, high
technological uncertainty (A2)
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- Main sources of information:
interviews with project mangers,
CEQ, division managers, chairman
of the board, marketing manager
and project engineers, and project
documentation.

- Number of interviews: 10

Beta

- Type of industry: Power transmis-
sion systems

- Number of projects studied: 2

- Project 1: High continuity, high
technological uncertainty (B1)

- Project 2: Low continuity, high
technological uncertainty (B2)

- Main sources of information:
interviews with project managers,
CEOQ, division manager, marketing
manager and project engineers,
and project documentation..

- Number of interviews: 10

Gamma

- Type of industry: Telecommunica-
tion systems

- Number of projects studied: 4

- Project 1: High continuity, low
technological uncertainty (G1)

- Project 2: High continuity, low
technological uncertainty (G2)

- Project 3: High continuity, high
technological uncertainty (G3)

- Project 4: High continuity, high
technological uncertainty (G4)

- Main sources of information:
interviews with project managers,
division manager, members of
division management, marketing
manager and project engineers,
and project documentation.

- Number of interviews: 12

APPENDIX 2

Illustrations and comments
about the projects

Situation I11 projects (high continuity,
high technological uncertainty)

"In some cases with this customer
we do not even use contracts. We

know them and they know us."
(Chairman of the board, Alpha)

- "We have a good relationship with
this firm and we all know it's a
'what goes around comes around'
situation." (Project Manager, Beta)

- "With this customer we have a
very good cooperation. We test
our new technologies in their
plants, and it is a good pay-off for
both parties. They learn about the
technology and we can test how
well it works" (Project Manager,
Beta)

- "We have a constant dialogue with
the customer about what to do
with their systems, and we know
that our success is dependent on
their success." (Project Manager,
Gamma)

- "In this project we were trying a
new technology and we were a bit
unsure whether it was going to
work as planned. We had a lot of
discussions during the project and
I believe that we both understand
how important it is to have a good
relationship." (Project Manager,
Gamma)

Situation IV projects (low continuity,
high technological uncertainty)

- "We felt like they wanted to break
us." (Chairman of the board,
Alpha)

- "This project definitely caused us
several problems. I believe the
customer was very short-sighted
and wanted to make a profit on
this project on our behalf."
(Project Manager, Alpha)

- "They hired consultants that took
a very tough attitude against us."
(Project Manager, Beta)

- "We have an explicit strategy for
establishing top-management
relationships in these types of
projects." (CEO, Beta)

- "We had a lot of legal discussions.
My opinion is that it is dangerous
to enter such discussions because
lawyers try to separate responsibili-
ties, while we want joint action."
(Project Manager, Beta)

- "To be honest with you, I believe
that the customer would have
gotten a better plant if they had
not entered all these legal and
bureaucratic discussions. I am sure
that they have another opinion
and that they believe that they
way they chose to run the project
was the best solution.”" (Project
Manager, Beta)
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The competitiveness on the market requires ever faster completion of projects. The result of this trend is the
reduction of both, the project strategy creation time and the project implementation time. The improvement is
seen in a more effective connection between strategic management of projects and project management, which
is referred to as strategy start-up. During strategy start-up it is still possible to create strategic goals while the
transformation of strategic goals into project goals is already taking place. The advantages are: shorter project
implementation time, better linkage between strategic directions and project implementation, and greater

adaptability of the strategic goals to the influences of the environment.

Introduction

The link between strategic and project
management can be considered two-
fold. First, the business strategy itself is
a complex project with all its charac-
teristics, and secondly, the business
strategy is implemented through
projects (Schelle, 1997), which is the
subject discussed in the article.
Business strategy must include
the elements which will guarantee bet-
ter competitiveness of products and
services on the market. However, an
appropriate strategy does not guarantee
the desired results without a rapid
project implementation of strategies,
which is also the crucial point of the
link between the strategies and the
projects. Projects should be implement-
ed so as to reach the competitiveness
defined by the strategy. In this effort it
is necessary to find the balance between
the duration of implementation, cost
optimality and adequate quality. The
trends observed over the last years in-
dicate that the above three attributes
no longer assure an optimal implemen-
tation of projects, and that it is neces-
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sary to include the ability to cope with
changes (Hauc, 1996).

The Deficiencies of the Existing
Practice

In present time the projects running in
companies are not sufficiently connect-
ed with the business goals and the busi-
ness strategy, or putting it in other
words, that the connections between
the selection of projects and the busi-
ness strategy are almost incidental
(Schelle, 1997). It is evident that such
connections must be introduced in or-
der to assure an efficient implementa-
tion of strategies.

The question arises what are the
reasons for this "short-circuit" between
the strategic and project management.
The first reason is certainly found in the
internal organization structure of com-
panies where the strategy creation units
are separated from the project prepara-
tion units. As a result, the business strat-
egy often remains a "secret" of the top
management (Schelle, 1997). The sec-
ond reason is the difficulty of linking the
selection of projects with the chosen

strategy, which is most obvious in
project-intensive companies and in
companies that are particularly sensi-
tive to economic and market trends. As
a consequence, the strategy is not ad-
justed soon and well enough, and it may
occur that projects have to be imple-
mented even where unforeseen by the
strategy.

Project Strategies

Project strategies are designed prior to
and during the strategy start-up. They
should be subordinated to business
strategies, which, however, is not always
the case. In Table 1 goals of global busi-
ness strategy, field business strategy,
business units strategies and project
strategies are shown.

Project strategies follow the goals
of projects. They have to be defined,
worked out and implemented separately
for each project. The growing competi-
tiveness and the resulting need for rap-
id project implementation have made
it necessary to pay greater attention to
project start-up and adaptation to new
conditions. The strategy creation asso-
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ciated with project start-up and condi-
tions are discussed in the following.

Strategy Creation

When creating project strategies it is
necessary to forecast possible changes
in conditions, e.g. market changes, tech-
nical and technological changes, polit-
ical changes or environmental chang-
es. The possible changes of conditions
and their influences must also be taken
into account in the realization of
projects. Since forecasting is known to
be uncertain, we can resolve this prob-
lem by using the principles of master-

Table 1. Goals of business and project strategies

ing simultaneous change defined by
Hauc (1996).

Project strategies are subordinat-
ed to business strategies which are cre-
ated on several levels according to their
importance. Thus we speak of global
business strategies, field business strat-
egies and strategies of business units
which are again divided into, e.g. mar-
keting and sales strategies, research and
development strategies, staffing strate-
gies and financing strategies. Regardless
of the complexity or the importance of
strategies it is our aim to transform stra-
tegic goals into project goals, and later
on into an overall preparation process

for project realization (Hauc, 1996).
The process of transforming strategic
goals into project goals and the subse-
quent preparation for project realization
is called strategy start-up. With the
transformation of strategic goals into
project goals the strategic management
is simultaneously transformed into
project management, which is present-
ed in Figure 1.

Strategy Start-Up

As mentioned above, the strategies are
implemented together with projects, or
in other words, project goals follow the

STRATEGIC MANAGEMENT

PROJECT START-UP

\
PROJECT MANAGEMENT

! PROJECT REALIZATION

STRATEGY START-UP

DEFINITION OF
STRATEGIC GOALS

TRANSFORMATION OF STRATEGIC
GOALS INTO PROJECT GOALS

REALIZATION OF
PROJECT GOALS

Figure 1. Strategy start-up and its share in project management
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strategic goals. Thus, for example, mar-
keting and sales strategies are imple-
mented with projects of growth where
the interaction of strategic and project
management and their flexibility or
adaptability to changes are of crucial
importance.

In companies, strategies are im-
plemented on three levels. Global busi-
ness strategies, which are implemented
through joint strategic projects, repre-
sent the highest level. Within these the
strategic development fields are de-
fined; they create and implement busi-
ness field strategies and projects. In
project-oriented companies strategic
business units are formed inside strate-
gic fields. Strategic business units cre-
ate and implement their own substrat-
egies and projects.

A rapid transition from strategies
to projects is of great importance at all
strategy implementation levels, so a
prompt inclusion of project managers
into strategy start-up is necessary. This
way the continuity of the strategy crea-
tion and strategy implementation proc-
ess is assured.

Coping with Changes

Changes have become a very frequent
and a very important factor why strate-
gies are developed in increasing fre-
quencies. Changes take place every day
not only in the business domain but also
in the broader economic, social and
political environment. Consequently,
special attention should be paid to
changes already in the creation of strat-
egies. Since it is well known that the
creation of strategies requires a lot of
detailed and time-consuming analyses,
it is impossible to change the entire
strategy creation for each occurring
change of conditions. Changes should
be assumed or foreseen in the creation
of strategies, but they should be defi-
nitely considered during the transition
from the strategic management to the
project management, i.e. in the strate-
gy start-up. This procedure results in a
substantial reduction of project dura-
tion. Strategy start-up can be seen as a
process of transforming strategies into
a project simultaneously with the prep-
aration of project start-up; it should be
noted that the strategic decisions, in
cases when it is impossible to reach a
high degree of strategy definition, are
transferred into the project start-up and
implementation up to a certain point
and accompanied by a permanent si-
multaneous inclusion of measures re-
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garding the influence of changes (Hauc,
1996).

Thus, at strategy start-up, the
strategies are prepared only up to the
level where the transformation of stra-
tegic goals into project goals is possible.
This approach also requires the inclu-
sion of project management already in
the strategy creation phase, which im-
proves the ability to cope with changes
in the environment, to eliminate them
or even to make them profitable. This
does not mean that the activity of stra-
tegic management has been reduced; it
only means that strategic management
is implemented via projects until the
end of strategy start-up and the begin-
ning of further implementation
schemes.

Conclusion

Strategy start-up is a new approach
which substantially improves the com-
petitiveness of project implementation.
The linking of strategic changes man-
agement and project management in
strategy start-up is of importance be-
cause the project manager has the op-
portunity to cooperate already in the
phase of strategy creation, and also, the
tasks of strategic management are trans-
ferred into the project preparation and
start-up phase. In this way the problems
of deficient cooperation between strat-
egy creation units and project prepara-
tion units in companies can be over-
come. In addition, a better connection
between strategies and projects is ob-
tained, and the transfer of undefined
strategic decisions into the preparation
of project start-up is made possible.
Another advantage offered by the link-
age of strategic and project manage-
ment through strategy start-up shows in
shorter project realization times, and
accordingly, competitiveness is im-
proved.
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Planning and Control of Projects
Through Application of Time and
Cost Significant Activities

Mladen Radujkovic, University of Zagreb, Zagreb, Croatia
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The paper discusses the criteria and methodology of selecting, and the possibilities involved in using cost and
time significant activities in projects. Results of research performed on samples of construction project plans
and bill of quantities values are shown in the form of mathematical relationships. Along with the description of
possible applications, a model is proposed which includes about 50% of total number of activities which are
significant. These activities have a direct control on 90% of costs and time sensitive paths in the project, as
well as indirect control on the main resources and milestones in the project. The idea is that management can
use this kind of knowledge in order to concentrate efforts to significant activities rather than spending time on

insignificant ones.

Introduction

Planning and control of a project is one
of the most important responsibilities
of a project manager (Kerzner 1992). In
construction projects it is especially
complex and demanding work, during
which the viability of choices of tech-
nological and organizational solutions
is evaluated. Confronted with signifi-
cant complexity in project manage-
ment, researchers and plan users all
encourage simplicity and quality as two
major characteristics of the planning
process. The basic source of complexi-
ty is located in the large data amount.
It is caused by complex processes and
products and the use of a large number
of different resources on which a large
number of unpredictable factors has an
influence. At the same time more de-
manding criteria for project success ad-
ditionally increase the complexity of the
process, and solutions are sought after
in ever increasing numbers of input and
output data. This is seen in plans as an
ever growing number of activities and
their relationships, which additionally
burdens project managers with more
controlling and communicating. Re-
search (Kerzner 1992) shows that a
shortage of time significantly influenc-
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Figure 1. Large data base - time robber in the project management environment

es the occurrence of late decisions and
problems in communicating. Our expe-
rience indicates that in most cases there
exists a negative spiraling trend of ex-
tra time use by project managers (Fig-
ure 1).

At the same time, rationality of
the entire process becomes questiona-
ble seeing as how usually a large number
of input data of lower quality is proc-
essed by an exact mathematical high
quality approach. Therefore, the use of
certain simplifications has always been
the topic of numerous research under-
takings. In the research of simplification
steps (Radujkovic 1997) we concen-
trate on:

1. Reducing decision and communi-
cation time, while retaining the
quality of results .

2. Assuming that the possibility of
data processing today has sur-
passed the quality of input data
and an information balance

between input and processing is
suggested.

3. Simplifying should be applied in
beginning phases, that is, as soon
as possible.

4. There exist, in the project, various
priorities of significance of individ-
ual data, processes, and activities...

Theory of significant activities

In the carrying out of a project, every
component activity is important. Expe -
rience, however, shows that the contri-
butions from individual activities to the
total project cost and duration is not
equal. With this in mind, this research
was undertaken with the assumption
that it is possible to quantify the vari-
ous contributions of individual activi-
ties to a project's final results. In this
paper significant activities are those
that contribute with an above average
share to the final results. Further, we
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Figure 2. The process flow chart for establishing structure of significance in a project

supposed that significance can be
ranked. These assumptions are based on
the 80/20 principle developed by the
Italian economist V. Pareto (1897) who
claimed that in various economies 20%
of the population earns 80% of the in-
come (Saket 1986, pg. 6). According to
Pareto in every large number of random-
ly chosen variables a significant subset
can be found and some kind of struc-
ture of significance can be established.
One possible scenario for establishing
structure of significance in project is
shown below (Figure 2).

Research into this concept on 32
construction projects showed that the
combined contribution to cost of 50%
of the items never surpassed 5.5% of the
total cost of each project (Thompson
1981, p. 75). Additional research into
cost distributions of construction
project bills of quantities at the Univer-
sity of Dundee (Horner and Asif 1988.)
confirmed the existence of a subset of
20% of items which contribute to about
80% of the costs. Horner defined an
item as "significant” if it had an above
average influence on the result on
project level, i.e. if it had an above av-
erage value in the aggregate value of all
items. Thus, the general criteria of im-
portance was based on the average cal-
culated from the data set. By being able
to identify a chosen data subset in the
large data set it is possible to define a
ranking structure of priorities which can
make an important contribution to the
quality of decision making.

And while most previous re-
searchers studied values of a construc-
tion bill of quantities and cost distribu-
tions, we focused on plans or programs
of works which include the agreed upon
project schedule, to begin with. Two sig-
nificant principles influenced our ori-
entation:

1. In that way it is possible to combine
time dimensions to costs, and
establish cost-time relationships.

2. The number of activities in the
plans is usually smaller than the
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number of cost items in the bill of
quantities for a construction
project. So, we considered that the
80/20 rule is harder to apply for
time oriented activities compared
to cost oriented items. It follows
that the combination of time and
cost is also harder compared to
cost alone. Nevertheless, we
researched all possibilities.

Overview of research samples
data base

Empirical research on this idea was
made on several samples of randomly
chosen construction projects whose
characteristics are shown in Table 1.
The range of values of the inves-
tigated projects was between 0,5-32
million DEM. The number of activities
in the project plans (programs of work)
was between the minimum of 42 and
maximum of 586, and the number of
items in bills of quantities was always
several times larger. All projects had the
aim of constructing new structures, and

changing the boundary values of mini-
mum costs of activities (X) which were
the criteria for some activity (AJ.) to
become a member of the subset. Due to
the exclusion of the influence of infla-
tion in continuos research during sev-
eral years, it is appropriate to show data
in percentages of total values of plans:

n(4, 0S))

_ J i
nes(S;) = n(4, 0S) x100  [o]

Percentage of total plan costs in

cost significant activities ¢, is equal:
S > (4, 0S)) 100

es(S) =t x L SOS

s (S;) ZC(AJ 0s) [%0] ( )

The criteria that an activity is a
member of the significant subset

The value, X, was within the closed in-
terval, X 0[0,1% - 10%]

The graphical presentation of results is
given in Figure 3. The analysis of the
results confirmed average activity costs
(c* (S)) as an appropriate selection cri-
teria for cost significant activities (A_).

Y (4, 05)

co(S)y=6="—"—"-— or

04 05) e (S)[o =

17
n(4, 05)

By applying the mentioned crite-
ria the subset of cost significant activi-
ties (S.;) can be separated, by the fol-
lowing condition:

S :{A] 0S: o(4,)2ce(S) }or

the average representation of various 100
types was:g35% Euildings, 41% roads and Ses ={A’ 0s: e(4,)1%]= n(4, 0S) }
bridges, 24% various hydrotechnical
structures.
Ord. Type of data source Number of Year

Num. projects

1 Plans 35 1992

2 Plans 10 1993

3 Bills of quantities 50 1995

4 Plans + bills of quantities 40 1996

5 Plans + bills of quantities 34 1997

Table 1. Overview of characteristics of researched samples

Selection of cost significant
activities based on average
activity costs

During the research an analysis was
made on cost contributions (c) of an
array of selected subsets (S) of the to-
tal set of activities in the plan (S) in
relation to the total plan costs. The se-
lection of the subsets was made by

A statistical analysis of the all
collected data was done by a bestfit cal-
culation with 18 theoretical distribu-
tions (Palisade 1994.). The distributions
were ranked by the Chi-Square and
Kolmogorov-Smirnov tests. Based on
achieved bestfit results we decided to
use Weibull (a,B) distribution as the
most appropriate for cost presentation
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in our construction project activities.
Average values of a distribution param-
eter for all projects are between 0.87
and 0.95, and for B between 12.3 and
13.9. For a specific group of projects
with similar characteristic a more cer-

tain values for parameters can be de-
fined.

work), even in the case of rather small
number of activities.

Selection of cost significant
activities based on average
growth of costs with time

Growth of activity costs in a unit of time

is investigated as a
second criteria for

120

8

selecting cost signif-
icant activities. Ac-
tivities with change-
able duration and
large cost growth are

3

especially significant
in the case of project

time compression.
For the case of line-
ar approximation of

Contribution to the total project cost (%)
3

cost (c) and time (t)
relationships during
crashing process the

average cost growth
for single activity is

0 10 20 30 40 50

Percentage of all activities taken as cost significant
Figure 3. Results of investigation of relationship between different
percentages of cost significant activities (1) and their ascending
cumulative contribution to the total project costs ( ¢ )

The average costs criteria is a
good indicator of significance, since it
is understandable and can be easily cal-
culated. Results in Figure 3, show that
the proper criteria with which a small
subset of significant activities can be
selected is found. These activities are
activities of large cost contribution, and
fit well with the Pareto rule of 80/20. In
Table 2, results of the analysis of one
database from Table 1, are shown. They
confirm that on average 21-28% of ac-
tivities give 77-82% of total project
costs. The conclusion is that Pareto 80/
20 rule stands for cost analyze in a con-
struction project plan (program of

equalto:Ac=c_ -

max

wnlt -t . The
criteria for selecting
cost significant ac-
tivities can in this
case be the average
cost growth in a unit
of ime A(c.g®) of all activities in
the plan:

60 70 80

ZAc(4, 0S)

ACL’,Y ° (S) =
n(4, 0S)
The subset of cost significant ac-
tivities S is determined according to
the following condition:

S., :{Av,. 0S: o(4, 2 hc(S) }

We used this criteria as an added
cost criteria only in the cases of proba-
bility time approach (Radujkovic 1995).

ROAD AND BRIDGE STRUCTURES

Project 1 2 3 4 5 [

7 8 9 10 |11 |12 |13 | Avg

nes(Sy) [%] |23 |31 |11 |24 |22 |17

22 (27 |21 |14 |19 |27 |10 |21

ces(Si) [%] 81 |8 |82 |86 |92 |73

79 179 |8 |77 |74 |8 |18 |82

HYDROTECHNICAL STRUCTURES

Project 14 [15 |16 |17 [18 |19 [20 [21 [22 [23 |24

nsS) (%) |23 |18 |29 |26 |21 |31 |24 |13 |13 |26 |25 22

csS)% |77 |74 |86 |78 |74 |76 |78 |82 |89 |85 |92 81
BUILDING STRUCTURES

Project 25 [26 [27 [28 [29 [30 [31 [32 [33 [34 [35

0D [%] |29 |34 |23 |24 |23 |31 [20 |31 |29 |32 |38 28

D% |70 |85 [76 |76 [80 [75 |87 |77 |7t |80 [71 77

Table 2. Percentage of cost significant activities (ne)

and  participation in total plan costs  (ces)

according to the criteria of average costs (cos®)- 1. sample.
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Selection of time significant
activities

In the paper for time significant activi-
ties, two possible criteria for selection
are studied:

1. Average duration criteria.

2. Critical index criteria.

These criteria were tested by analyzing
data from the sample in Table 1.

Selection of time significant
activities based on average
duration criteria

Using the principle of the theory of sig-
nificance the average duration criteria
generated the subset of time significant
activities. The subset contained an av-
erage of 33% of project activities, which
contained an average of 71% of the to-
tal sum of duration of all activities in
the plan. The geometrical relationship
of time is similar to the costs, except
with a weaker growth curve (Fig 4).

The interdependency in the ac-
tivity network has been considered as
additional criteria (Radujkovic 1997.).
However, results of testing the contri-
bution of critical activities according to
CPM analysis (AjK) in the subset of time
significant activities (S =S ;) chosen in
this fashion show that on average they
are somewhat greater than the percent-
age of significant activities in the set of
all activities in the plan (Fig. 5).

”(A7K 08y5)
n(A,K 0s)

n(4, 0S,y)
n(4, 0S5)

> x100 = n* (S,,)[%]

For the tested samples the con-
tribution was on average: n (A],K 0Sy)
=40 % n (AjK 0 S). Due to too little
contribution of critical activities in a
subset selected in this fashion, this cri-
teria is not used any further.

Selection of time significant
activities based on criteria of
criticality index

The index of criticality of an activity is
defined as the probability that it will be
on the critical path (Van Slyke 1963, p.
840), and, hence, become critical in the
plan (program of work).

i (A) = p (A =AY

The selection of time significant
activities (A.) according to the crite-
ria of criticality differs significantly from
the previous criteria of duration of the
activities:

1. Instead of analyzing an array of
independent activities the plan as



120 a whole is analyzed along with the
activities within it.

2. Instead of fixed values, the

100 ~ duration of each activity is

o*% ¢ ;‘: a‘.‘ ¢ determined by variable intervals
AP 24 Ozig °e with corresponding probabilities.
& ¢ ot O Determination of the index of
3 criticality is performed by project net-
R work simulation (Van Slyke 1963, p.
® 841 ; Fishman 1985, p. 579). It shows
in how many iterations the subject ac-
tivity was critical during the simulation.
40 * For reliable data it is suggested to use
about 1000 iterations in the simulation
(Crandall 1977. , p. 393). Application
of simulation results in the selection
subset of time significant activities
(STS) in the plan requires the evalua-
0 tion of the set scale for possible criti-
0 20 40 60 80 100 cality. Our proposal is shown in Table
3.

Contribution to the sum of all activities durations
3
® o
i"
Mt 479 W

8
™
* o

Percentage of all activities taken as time significant ) o .
Subset of time significant activi-

Figure 4. Results of investigation of the relationship between different percentages of ties (S..) can be set according to the
time significant activities (n,) and their ascending cumulative contribution to the sum  proposed scale (1, 2 or 3), depending
of all activity duration X t(A) =t on the users need for reliability in the

results. In our research we used subset
2 which gave our research a resulting
average contribution indication of 25-
35%, which differs from literature
(Brandenberger and Konrad 1980., p.
54) where the criticality is estimated to
P be up to 25% of all activities. By using a
a criteria of criticality index it is possible

A : é } A to identify all time sensitive paths in
o o o project network. Depending of chosen

100 A

4

‘? . 2, , boundary value of the index (Table 3)
AAA A A for time significant activities selection
AA m-?‘LA: = the procedure will separate all critical

Apad and subcritical activities. A practical
A use requires input data of high quality,

therefore a historical project data base
is very much welcome.

Percentage of critical activites which are also time significant

Time and cost significant
40 60 80 100 activities - Analysis of time

Percentage of all activites taken as time significant Cl'lt.lc.a!lty Of cost 51gn1flcant
activities

Figure 5. Contribution of critical activities according to CPM analysis % n(AjK) in

Subsets of time (S..) and cost (S_..) sig-
subsets of time significant activities n(A) (1S, ; chosen on average duration criteria. (Srs) (Sco) sig

nificant activities have useful charac-
teristics. To use them successfully it is
important to determine the relationship

CRITICALIT POSSIBLE between these two subsets:
Y INDEX EVALUATION OF CRITICALITY SUBSETS Srs
(%) (123 _
ST+CS - STS O Scs and
~100 | Absolutely critical activities Critical 1] Stacs = Sts N S
80 - 99 Highly critical activities Critical 2
50 - 79 | Normally critical activities Critical 3 Results of practical research into
25 - 49 | Highly subcritical activities Subcritical both subsets indicates that the time sub-
1 - 24 | Lowsubcritical activities Subritical set is generally greater than the cost
0 | Non critica activities Noncritical .
subset. That is:

Table 3. Proposal for the index scale of criticality with three possible n (A USy) 2n (A DS

choices of subsets of time significant activities.
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Activities which are located in
both subsets are significant according to
two criteria and form the subset of time-
cost significant activities (S, ). De-
termining the subset S_ s carried out
by finding critical activities (and sub-
critical, depending on the chosen
boundary value for definition of time
significant activities) in the set of cost
significant activities.

Sts = { AK}
Scs = {AjKl, AjF} oo (A]»K1 0 AjK)
from which we have Spgcg = {AjKl}

Results of practical research into
the contribution of critical activities in
cost significant activities for the de-
scribed sample plans indicate that the
average percentage of critical activities
is around 30% of the total number in
the plan (Table 4), which is approxi-
mately equal to the proportion of cost
significant activities and all activities in
the plan. Hence, it can be expressed by
the following relation:

n(4,* OS) o n(A
n(4,* 0S)

. J UScs)
-~ n(4, 0S)

[%]

In Table 4. the percentage of to-
tal number of critical activities in the
subset of cost significant activities is
shown. This subset is calculated by the
method of average values (Radujkovic
1995). In Figure 6. data is shown graph-
ically. The tendency of a linear relation-
ship between percentages of project
activities taken as cost significant and
at the same time separated critical ac-
tivities is evident.

Some characteristics of time and
cost significant activities

By applying the proposed methodology
it is possible to get smaller subsets from
the set of all activities in the project.
Some examples are:

1. Subset of time significant activities

(S

2. Subset of cost significant activities

3. Subset of both time and cost
significant activities (S, )

These activities have a large sig-
nificance in the control of costs and
duration of the project, which means
that they indirectly control the main
resources and the key milestones in the
plan. If the initial plan would be re-
duced to a subset of such selected sig-
nificant activities with an average ex-
pected characteristic model, control
would be more than 80% of costs and
control of critical and subcritical paths
in the plan.

Average number of total signifi-
cant activities (S, ) will be smaller
than the simple sum for the size of sec-
tion of these two subset activities. Ac-
cording to research the section has a
value around 27 - 37 % S, which are
at the same time in S_.. The number of
common activities for individual types
of structures can be arrived at from the
results of sample regression, for exam-
ple for road structures it is equal to
about 25% for 13 plans from sample
number 1 in Table 1.

n(A OS, ) =
1,077n (A DS +
2,086 = 1,077 % 21 +
2,086 = 24,7 %

The final number of activities in
the reduced time-cost model varied
within certain boundaries, primarily
depending on the variance of the
number of critical activities and their
contribution in cost significant activi-
ties. The number is determined by the
following expression (Radujkovic
1995):

(4,5 0S)

n(A; OSp.cs = n(A4; OSc5) + n(A;K )*(1- 100

)

With the combining of time sig-
nificant activities and cost significant
activities, an increased controlled con-
tribution of costs in the plan occurs.
The amount of the increase is variable

(Seo)- due to the manner of selection of add-
Structure type
Plan structure Unit Road Hydrotech Building Average
Number of cost significant % 22 28 24
activities (nes)
Cost contribution (c¢s) % 81 i 80
Critical activity contribution % 28 37 30
n(AK 0Se) /n(AkDS)

Table 4. Average percentage of cost significant activities (n;) with
the indication of contribution in total project costs (c )
and the content of critical activities which are also cost significant.
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ed time significant activities. Along
with the assumption of an average for
the additional 21% (45%-24%) of ac-
tivities (Figure 8.) on the remaining
20% of costs that are equal to around
4% of total costs, the total controlled
mass of costs in the project is increased
to around 84%. When greater accura-
cy of model is required, it is necessary
to change the selection criteria of cost
significant activities from the average
cost (€*) to a lower value, which
increases the contribution of control-
led costs of the project. The performed
polynomial regressions of data from the
observed sample can give direction for
relations of the number of significant ac-
tivities and their contribution in total
costs. In that way, for example, for road
construction we have n_/c relation:

Ces (A)) = 22,1588 + 4,742 neg(A)) —
0,1028 ﬁCS(Aj) +0,0007 F\;S(Aj) [%] ... A D Scs

Application of time and cost

significant activity model for

managing projects

According to data on activity signifi-

cance a priority structure in a project

can be established in the way:

1. Both time and cost significant
activities (two criteria significant).

2. Either time or cost significant
activities (one criteria significant).

3. Other activities.

The proposed process can be applied in

planning and control of all types of con-

struction projects. It is especially effi-

cient in two cases:

1. In multiple repetition of similar
projects, where there exist data-
bases from previous projects.

2. In applications of complex
processes such as optimization,
where a large number of activities
causes a significant complexity in
work or makes application of
certain algorithms impossible.

Our use of the proposed theory is at the

moment especially related to:

1. Early project phases for estimation
which is usually made without
detailed engineering data. Esti-
mates are derived by analysis of
significant activities observed in
previous projects with similar
characteristics as the one being
planned. The final sum is done by
adding a percentage for non
significant activities.
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Figure 7. Average number of significant activities by two criteria
and their influence on the project in the researched sample.
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24%
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Figure 8. Contribution of cost and time significant

activities to time and cost in the project.

Design phase for minimizing the
number of alternatives which
should be analyzed and reviewed
by cost and time criteria. The

analysis is performed only for

significant activities.

Bidding phase for selecting a small
group of activities which should be
analyzed for quick changes of total

project price.

Project execution phase in order
to concentrate managers efforts to
significant activities rather than to
a large number on insignificant
ones. This kind of data clearly
shows project managers priorities
in the completion and control of
works, which in turn improves and
simplifies resource assignment.
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Conclusion

Research performed on several random-
ly selected samples of construction
project plans and values of a bill of
quantity values confirms the assump-
tions of various cost and time signifi-
cance of individual activities (or items).
Results show that there exists a certain
subset of time or cost significant activi-
ties (45-50% of total number in the
plan) which control the critical and
subcritical paths and 85-95% of total
costs in the project. The same activi-
ties indirectly control the main resourc-
es and key milestones in the project.
Significant activities can be identified
with quick and simple calculations.
With similar projects significant activi-
ties are for the most part repeated, so
they can also be predicted ahead of

time. Data concerning significant activ-
ities suggests the importance of key ac-
tivities for time and cost management
of projects. Although the study was
done on construction projects the stat-
ed theory can be also applied on other
areas of business.
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