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According to a recent survey of 150 project managers it was found that only
25% of projects are complet d on time, within budget and to the client’s
satisfaction (LA PLANTE, 1995). The same survey has shown that 50% of
those projects which are finished on time are over budget by 60 to 190%
and contain 70% of originally promised functionality. The survey focused
on information system projects in the North American environment. Al-
though there is no empirical evidence, we helieve the situation for other
proycct»s in different environments is similar in nature to the gquoted one.

This is an interesting finding, since the tools of project management have
‘; een developed and used for more than 35 vears. A gap seems to exist




Nej
i
b
o]

between project planning and execution which does not allow project man-
agers to deliver objectives as they were set originally. While planning is a
fairly rigorous exercise with sophisticated financial analysis and operations
research techniques, execution proves to be ad-hoc, and non systematic due
to unpredictable changes and disturbances.

In this paper we describe the importance of complex risk assessment to
bridge this gap and prepare project managers for better execution through
proper risk management. According to the Project Management Institute’s
[PMI] Standards Committee, project risk management has been part of the
Project Management Body of Knowledge (PMBOK, 1994), but its impor-
tance is not recognized yet in Modern Project Management (MPM). PMI is
the leading professional organization of project management and PMBOK
is the collection of theories and models applied in MPM. PMBOK defines
risk management as follows: ‘project risk management includes the pro-
cess concerned with identifving, analvsing and responding to uncertainty’.
The more uncertain the environment where MPM is implemented the more
attention should the project manager put on risk assessment. This is es-
pecially valid in transitional economies, where the rate and magnitude of
change is much higher than in the North American economies where the
PMBOK stems from.

The structure of the paper is organized into 5 main sections. After
the introduction, the 2. section summarizes the general approaches to risk
analysis in project management and points out the lack of integration be-
veen the different d‘%: 1ensions of projects such as scope, time and resources.

tw
Section 3 outlines the reco*n:nended process of complex or integrated risk
analysis in order to address this issue. Section 4 provides an example using

¥
a product development case tested and analysed by more tha 200 pr act1~—

ing project managers and team members of a large multinational company.

Finally Section 4 draws

-

the 'o”miusmns roin the LOI’II;}IL_

risk assessment

Project management is defined as the management process of deliv-
ering specified objectives on time and within the available resource con-
straints. Objectives are referred to as the project scope and also called
as deliverables. Time constraints or deadlines are managed by scheduling
and resource constraints are handled by allocation, levelling or smoothing.
Usually resources are aggregated in project costing, and project budgeting
focuses on the aggregated resource constraint that is the total available
budget. These three dimensions are often described as the project triangle:
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upper corner is scope, lower right is time or scheduling and lower left is
resources or costs. When defining project risk, we should explore all the
three dimensions.

According to the PMBOK, project risk management contains the fol-
lowing four processes:

Risk identificaiion, determining which risk events are likely to affec
the project.
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Risk guantification, evaluating the range of possible outcomes and

ement steps for opportu-
s is also called response
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risk assessment. By Lhe same
itrol is sometimes combined under

t traditionally focus on the sched-
hmensxon of proje s, that is to ana 1}; se and control the likelihood of

KR 1990) The first attempt to
hod (CPM) to perform stochas-
Review Technique {PERT). A
> average activity durations rather
ations of CPM. In this way, PERT
draws atten :, I ich has the potential to delay
the project o age. PERT also comouteb the standard deviation, a
measure of dispez sion, which serves as a measure of the risk of overrunning
the overall project schedule. The major problem with PERT is that it does
not take into account the important build-up of risk at path convergence
points. This method has fallen out of favor and has been replaced mainly
by simulation approaches.

The most widely used simulation method in risk assessment is the
Monte Carlo simulation (SCHUYLER, 1994a). Monte Carlo iterates the
project many times, each time selecting one duration value at random from
the user-specified distributions of each uncertain activity. When enough
iterations have been completed the project duration results are presented
in tables, bell curves and S-curves. Monte Carlo identifies the highest risk
activities as those that appear on the critical path as the largest percentage
of iterations during the simulation.

than the sing
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Besides the Monte Cario simulation there are other techniques to
assess uncertainty, like fuzzy logic (LORTERAPONG, 1994.) and the classic
decision tree analysis (SCHUYLER, 1994b). As far as risk responsiveness
and control goes, Hulett has summarized the major strategies in schedule
risk management (HULETT. 1993). The impHcatiom of risk management
actions should result in a btzalohtenec S curve’ as he describes it.

Ultimately, the key to schedule risk assessmen t is its quantification.
Qua‘ultat‘\'e 111formaulon on the uncertainty in act 1L\' duration includes
low and high ranges, and distributions.

The major problem of schedule risk assessment is that it only fo-
cuses on the time dimension of projects and does not take into account
its relation to the other two dimensions; resources and scope. Complex
ris‘g management should expand the analysis to the time-resources-scope

1‘01)1@1_15 in e smmaunD duration often stems from ('lear not well
defined objectives or project scope. LThe b ln'Ld - the scop

tion systeml projects \1( Farlan ident

s
technology and p

ocuses on
Ve COImMIMuni-

project team is aware of the guality demands.
communicated and responsibilities are understood.

awa (hdﬂldm

methodological tools to minimize scope risk. Fr' <hiik

to the Quality Functlon Deployvment (QFD), the ods bemng to the
wide range of problem and system analysis L\)Olb. usuaﬂj\' carried out in a
team environment.

If scope risk is very high. formal planning. risk assessment and miti-
gation will not provide acceptable results on the scheduling level, because
the whole project structure ~ described by the Work Breakdown Structure
(WBS) and the network diagram - is uncertain.
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Activity duration is not dependent only on the deliverables but also on
the type of resources used and budget available. If there are uncertainties
in resource availability and efficiency then the delivery of even a very well
defined project is uncertain. This is a common phenomenon in labour
resource intensive projects versus automated, machine intensive projects.

There are two main approqche_m to resource constrained
the optimization’s techniques and the heuristic technigues. The optimiza-

tion’s main limitation from a risk assessment point of view i

tatic problem definition whick ans the scheduling
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trend analysis. which can further refine the estimate at completion values.
The problem with earned value is twofold; a) it is mostly used in long-lead-
time and large-size projects where accounting 1s able to track activities,
b) estimates for budget at completion are given on the assumptions that
input numbers are 100% exact (SIGURDSEN, 1994).

In order to meet the criteria of successful project management, which
is delivering objectives for customer satisfaction on time and within budget,
project managers have to analyse all the dimensions of risk introduced
above. We recommend a complex formal risk assessment phase built in
between the planning and execution phase of the project lifecvcle which uses
all the information generated in the planning phase and the risk analysis
methods of the project triangle (scope, resources, time). The outputs of this
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phase are the contingencies, reserves and potential responses for controlling
risk in the execution phase.

2. Complex Formal Risk Assessment and Analysis

The major assumption on which the risk assessment is based is that there
is a strong relationship between the risk factors threatening the three di-
mensions of the scope—time-resource triangle. This not ouly means thart
they have 1o be identified and guantified in relationship. but also warns
the project manager thar risk mitigation always has the combination of
three opportunities: exerting corrective measures in the scope, time, and
budget dimensions. The proposed method consists of 4 distinctive steps
preferably carried out by the whole project team and documented by the
project manager at the end of the phase.

Step 1: Defining Potential Risk Faciors

The objective of this step is to define and quantify the risk factors threat-

ening successful preject completion. As we described above, factors have
to be organized into three groups: scope. time and resource factors. Rec-

ommended methods are brainstorming or Nominal Group Technique.

Inpui information for definition

(Quantification is recommended along two dimensions:
- and estimated impact on the project,

i
result in & two dimensional grid, illustrated in Fig. 7
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The output of this step is basically Fig. 1. indicating the factors which
warrant risk mitigation and contingency planning, called critical risk fac-
tors.

It is important to emphasize that factors which should be treated
as critical are not only the ones situating in the high probability — high

impact grid but also those ones which are quantified as low probability -
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Critical Risk Factors
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Step 2: Risk Minimization
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Revision of the project plan should examine all the information gen-
se. Examinations in this context mean to
BS. network, schedule, resource plan and

X
budget in order to search for potential risk factors. Some of these can be

further analyse the project W

the following:

WBS: Definition of tasks, depth and desired cutput. Poorly defined tasks
mean potential risk. Too many layvers in the WBS could lead to
coordination problems. Task should be assigned to one single primary
responsible party otherwise quality and timeliness is threatened.

Network: A linear network, especially on the critical path produces high risk.
Tasks with too many predecessors engender coordination problems.
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Lack of milestones results in lack of control and fewer chances to
correct deviations.

Schedule: The risk minimization schedule is the ASAP (As Soon As Possible)
or left side schedule. This means that tasks start at their Early Start
and finish at Early Finish. It is also desirable to crash the critical
path so that the project’s planned lead time is less than the desired
deadline which means that the project’s earliest finish is less than
required latest finish. The difference might be used to absorb delays.
just like contingency funds absorb over expenditure of costs.

Resources: Overloaded resources mean potential risk for low guality scope or time
delay. Availability should be assessed by individual resources, espe-
ciallv in the case of human resources. Availability is determined by
factors such as work conditions, experience, motivation, dependency

on external information. 1‘0%’011\. priorities of task and other respon-
sibilities.

Budget: The major risk factor in project budgets is the short term financing of
Therefore. cost accruals should be compared to cash avaii-
Mismatches result in resource reallocation aud/or reschedul-
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he occurrence
. Or as simple as one or two new tasks to be carried out by

brojects, btdl’t?d at

software tools cannot handle *what-if” situations (the flow of dsks can not
be altered), therefore contingency plans have to be stored separately from

the orlgmal, mitigated plan.

previously identified responsible. Since commercial project management
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Contingencies usually mean rescheduling, reallocating, preparing al-

ernative budgets and determining bargaining strategies in order to nego-

ti"ﬁ, e project constraints (deliverables, deadline and costs).

A cmticai issue in contingency planning is the identification of the trig-
ger points which warrant the use of the appropr ia e alternative corrective
action

This illustration for complex risk analysis is taken from product develop-
ment. we have used it to practice the process of project risk analysis with
more than 200 project team members and managers at one of the biggest
m ltmatton al company (MNC) in Hungary. The example is hypothetical,
product parameters are altered and the deve 1op:nent Dprocessis s nﬁcam tly
simplified. The project has been developed by the conceptual 1deas of Dr.
David Weil (K\ EIL, 1995) and with the contribution of experts of MNC.
(’s experts have found it immensely useful not only

o

gl
in practising risk analysis, but also as a communication tool for product
development. The concrete solution presented here is a synthesis and gen-

eralization of the numerous courses the author has conducted at MNC.
The input information to the planning phase is presented in Table 1




102

4] AUIATTHC NV NOLLONUOMJ

01 i 1 z e ¢ T TIV (o ‘G npes yuotadinboa) Guroaneay apraod g

I 70 1 1 | ¢ I3 7 A (soy uonepiea onpord) Tupemseymaean e 159y wepis g

5] 1 I I [4! 4] 8 N ) (dn dmer Horsm) Fogaq) pue esug

T I i ¢ 1 TN (wonupipua watdmba oy ad) sopuda ye yuamdmbasay,

DN GNY T1V.LSN

4 0 0 70 70 o0 I (g watadmba) yornuoa anssy

1 00 ) OIN ) (pM0aa[os 10puna) smonh xopuay

I3 1 10 1 1 1 A (spmiap womdmba suntmap) spodepsidosucs womdimby dopasa(

! < [ i I | TN (om0 fspuatyy “spands yummdmboy sonds udisap wdmba dnssy puv dopan(

¢ Fa) 0 0 0 90 90 a'n I (snnopeyd ssonoxd doyaanp) waraar dibasexdrsap onpuo)y

’ ) . NEOISTICETVNIA
¥ 70| PO vo Lo ] o | eo | zo | oo | dan T (spuny puads o1 O) Siesaaddy pre v peur aavdatg] 7g
3 80 80 80 80 80 80 I 1 i N (e sonmosar Stupany suepd e azgeegy| 1y
NDISHU 0t
! 0 0 0 0 0 <0 70 0 (opseap udsop npoid) ppaoadde ooy savdaxg| 717
1 0 70 [&0 0 80 80 20 (soranr vilisap pauoy§ SurmawduySurmpepnue ) s pafoerd wonag {117t
1 0 0 (armprnunia oy poaw) wep dupsaamdus Lncroduny dopraq | o1z
7 1 1 A 7 (zsoads e st inpoad) donupiea wdsop mnaaxs] 6z
1 o0 0 0 0 0 00 ) T (Honssy uo paseq soads) s3500 puv -saads yenpoxd ayepdn | g7
i [ 01 T (Sonsst udisep Tolen puvgsapuny wdisap panpoad saiany| 47
i [ 0 0] Yoo Jolwu PUHISIOMIN ssaa0.d -.:__::_ MMARY| 97
¢ 6 o ] vy ) panpoad Jo dunsay mumuy| g7
¥ 30 [ 6 6 g o VAngisua) 1oy) sadKymoad ayey | 77
3 t i (jronoto0t) o pastq ulisap) wjep JurduIdud uiay anss| ¢g
F2 [T I F4 z 7 9 0 (o1 “spaadeafunn ssoooad) Tapgiseay yuswmdmbayoanpuo )| 77
3 0 1 0 ] 90 - (SisApuug 1500 §00] [Bqo]d) sisArue Ajfowudua panpuoy] |7
LRNHINSERSSY ONTHOLLOVAIINVIAL ADOTONHDHL, 07
I [A] .0 70 A [ Al WNd (04 opon) Appgiseay weadoad woamyg| 1
[4 [ I I 1 0 NI (afoad {pisnt o1 sumpospeon dury) sepueay Awuianpoad azdpeuy | ¢y
T I 10 NG (SIIOUD/SIION [RIUANIIONAW]) Juamssasse A)agus Aaeupungaad ponpuo)| 77y
¢ 3 | ) n W (o Soyaena 1ailiny pasu ddua=n )T (1O 1502ty 5O siseg dojasagg] 171
NOLLING I 01
aulty, LSAS T HNI [ NI Wd ao {aodd| IW | odd
pasdugy | 1 1 | 1 1 | 13 ¢ ¢ luodsay




103

The basic assumptions of this project are that it is a new design not
a product line extension, it needs new processes and equipment. Table 1 is
a summary of objectives and, more importantly, it is a task list indicating
the WBS hierarchy, deﬁverableq of each task, and assignment of resources.
Resource assignment is defined in weeks/resource/task, that is, how many

weeks does any source spend on a given task. These numbers are

The codes represent the following:

Qn(l“h di
ased on the data in Tuable I, the following plans were
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thick lines are proportional with
d by the
~ork information into the time

activities 1s describe
e plan, this is indicated by the

The availability of critical
h peaks at the beginning and

by Resource
resources shows an uneven l o0&l 1 with hi
at the end of the project.
Cumulative Cost Curve as it 1s seen on the lower half of Fig. 1 Costs
had been calculated based on the assumption that the total cost of a
resource, including allocated overhead, is $ 4.000/week.

¢

Step 1: Defining the Potential Risk Factors

The most common risk factors are sumimarized in Table 2 and Fig. I illus-
trates them on the impact-probability grid. Teams have used brainstorming
to define and quantify the items.
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Table 2

List of risk factors

Risk factors Impact Probability
3

L

Project lead time is too long, decision is too short,
Critical Path is too linear,

Design requires change due to problems in manufacturing,
Machine is not manufactured and delivered on time,
Unpredictable problems in technology,

Customer changes specification,

Lamp is protected with a trade mark.

Technology cannot produce the lamp,

Financial plan is not accepted,

lO Lack of resources :

11. Budget cuts along the project

12. Variable cost increases due to external factors
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Table 8

Risk minimization plans

o

Risk minimization plan Risk Factors
Refinement of financial analysis 9

Resource levelling, regrouping and/or substitution
Start everything which is possible in ASAP
Search for alternative markets

Purchasing licence, and alternative suppliers
Design and prototype for 5 different construci
Crashing the linear part of the critical path with
overlapping

3. Special relationship and communication wit
equipment vendor
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Risk minimization plaus are summarized in Table 3, where the last columun
indicates which critical risk factors are addressed by the given plans.

As a general Drmcmle cycle time reduction plondm a cushion for
neeting deadlines; Fig. 4 illustrates the solution of MNC's experts.

M \f‘ has traditionally encouraged media-rich, frequent, two-way

I

communication between upstream and downstreamn phases of product de-
velopment projects (WHEELWRIGHT and CLARK, 1992). This integrated
problem solving model, which is illustrated in Frg. 5. makes it possible for
downstreain engineers not only to participate in a preliminary and contin-
uous dialogue with upstream colleagues, but by using the information and
insight it gives them to initiate an early start on their own work. The suc-
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Downstream responsibilities are
a) Forecasting from upstream information, that is, to sta

the absence of full information necessary to carry out
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is the case not only in internal processes hut also when ordering long
lead time 11'1zuer1als from subcontractors.

b} » trade off between the benefit of an early st and the risk

hasic courses of

The purpose of this paper was to draw attention to the importance

of complex risk analysis in project management. Risk threatens all three

dimensions of projects: scope. delivery time and budgets. Corrective ac-

tions on one dimension have impact on others, and these relations can and
should be utilized in complex risk management.
The paper has demonstrated that several techniques exist and are

practised for analysing the probabilistic nature of projects in each separate
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dimension, and also terms of references provide guidelines for risk man-
agement (PMI's PMBOK). Still, managers need a practical framework to
organize and implement these techniques and correctly integrate them into
the project life cyvcle.

The author has outlined and illustrated a complex risk analysis phase,
placed between the planning and execution phases of projects. The inputs
of this analysis are information generated in the planning phase, previous
experience with similar projb ct and external factors. The processing of this
iformation goes through four major steps; defining and quantifying poten-
ial risk factors, preparing 1‘151{ miniznlzation plans, preparing contingency
p} md 1(16*1(1- ing trigger points or flags.

ct

tors have to be quantified according
1‘( 131"0};{-& and their probability of occurrence. ngh
ity factors are to be considered as critical and should
e addressed by minimization and/or contingencies.

ot

o their impact on t
impact and probabili

Risk minimization is a series of proactive steps to mitigate risk, by
reducing the subjective probability of the factors’ occurrence. Several tech-
niques have been demonstrated, with special attention given to cycle time
reduction and its principle assumption; the integrated problem solving be-
tween upstream and downstream activities in the project.

Contingency planning lists alternative courses of action in case a given
risk factor actually occurs. Contingencies are generated by triggers, which
measure information necessary for decision making and placed at places
in the project network, allowing timely warning for firing the alternative
plans.

The framework is illustrated with a hypothetical product development
project tested and analysed by more than 200 managers and engineers.
Risk analysis and contingency planning is a major coutributor toc MNC to
deliver projects on time, within budget and according to specification in a
changing, economical environment.
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