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The authors present modifications of the optimization model for selecting project risk response
strategies proposed by Zhang and Fan. The weaknesses of the original model has been identified and
an improved model with the main suggestions has been proposed. The main improvement concerned
the objective function. The modified model was tested using a real project in the electrical industry
—engineering and construction of the main low voltage switchboard for a live fish carrier (Helix Q7000)
in Norway. Project team members report that the analysis is time consuming but results are satisfying
— the model allows more systematic and efficient risk management.
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1. Introduction

Zhang and Fan [6] treat the problem of project risk management, and more exactly
that of evaluating and selecting strategies for mitigating project risk, which they call
project risk response strategies. They propose an interactive qualitative model support-
ing project managers in this process. Selecting project risk response strategies is an es-
sential element of project risk management, as there exists practically no project which
would turn out as satisfactory as seems after the initial risk identification and evaluation
step. However, as Zhang and Fan point out, there are practically no qualitative models
which would support project managers in this process. This is shown by the literature
review they present in [6]. Since then, to the knowledge of the authors of the present
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paper, only a few papers treating this subject have been published (e.g., [3, 4, 7]), which,
however, do not present any general model either (the former one uses a fuzzy approach
which represents a special case, the next one is a case study and the latter one proposes
a generalisation of the model from [6]. Thus, the importance of the issue of proposing
a quantitative model supporting the selection of risk response strategies is obvious and
still valid. However, the model proposed in [6] has serious drawbacks, which means
that it would not be useful in its present form. The main reason for its weakness is the
impossibility of estimating certain parameters required in the model (the expected risk
response effect expressed in monetary values). There are also several other reasons,
which will all be discussed in the second section, but the main reason is the one men-
tioned above, listed as reason No. 4 in Section 2.

Thus, here we propose an improved model, after first explaining the drawbacks of
the original model. Then, we assess our model using a real-world example, like Zhang
and Fan did in their paper [6].

The outline of the paper is as follows: in the second section we point out the weak-
nesses of the original model, using somewhat modified notation, which we think is more
appropriate, and already suggesting minor modifications. In the third section we propose
an improved model (a major modification) and in the fourth section we illustrate its
application using a real-world example. The fifth section proposes some conclusions
and directions for further research.

2. The drawbacks of the model proposed by Zhang and Fan
and suggestions of minor modifications

In this section, the model from [6] is presented using modified notation, and its
drawbacks highlighted. Minor modifications will be proposed too, while major modifi-
cations will be presented in the next section.

The convention for the present section is as follows: unless we clearly state that we
are presenting our modifications, it should be assumed that we are presenting what
Zhang and Fan have proposed in [6], only using different notation.

Zhang and Fan [6] consider a situation where a project is composed of a set of ac-
tivities: A {k=1, ..., NA}, where NA is the number of activities. The precedence rela-
tions of the type finish-start between the activities are known, although in [6] they were
not denoted in any formal way. This makes the formulation of the model formally in-
correct — this is what we see as its first drawback (constraint (3) in the original paper).
We will address this drawback below, by enumerating the parameters of each activity.

Each activity has the following parameters:

o t — the planned duration of the kth activity, k=1, ..., NA, in e.g. days. We assume,
without any loss of generality, that the first activity is an activity which is a predecessor
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of all the other activities of the project and the NAth activity is an activity that it is
a successor of all the other project activities — its end is equivalent to the project’s end,

o 5 — the planned starting moment of the kth activity, K= 1, ..., NA,

o Py— the set of the indices of those activities which are immediate predecessors of
the kth activity, k=1, ..., NA (P, is the empty set) (this is a new element with respect to
[6] as we announced above),

e O« — the planned quality of the product of the kth activity, k=1, ..., NA, expressed
in the units used to evaluate quality (in [6] this is expressed as a percentage, without any
explanation of what these percentages mean — this is what we see as the second draw-
back of that model, we assume a more general approach, allowing any unit for measur-
ing quality),

o C« — the planned cost of the kth activity, k=1, ..., NA, expressed e.g., in US $.

It is assumed that the project manager has conducted risk identification and has
identified NRrisk events R {j =1, ..., NR}. According to [6], a risk event is an uncertain
event which, if it materializes, will affect some elements of the project in terms of time,
cost and quality. This is in line with the definition from [1]: a risk event is defined there
as a possible event with negative consequences for the project (negative consequences
are deviations from the planned completion date, cost or the quality of the actual reali-
sation of the project which are difficult or impossible to accept).

Zhang and Fan [6] assume that each identified risk event may influence a subset of
activities Ax {k=1, ..., NA} in terms of time, cost and quality. In each case, if the jth risk
event R {j = 1, ..., NR} has an influence on the kth activity in terms of time, then TER}<

denotes the estimated increase in the duration of the kth activity caused by the jth risk
(in days). If it has an influence in terms of cost, then CER;< is the estimated increase in

the cost of the kth activity caused by the jth risk (in US $). If the influence concerns
quality, then QER}( is the estimated decrease in the quality of the kth activity caused by

the jth risk (expressed in appropriate units).

According to the literature, e.g., [1] or [5], risk events are not characterized only by
consequences but also by probabilities. Although Zhang and Fan [6] claim in the intro-
duction that they take these probabilities into account, they are not present anywhere in
their model. This is the third drawback of that model. We will refer to this in the next
section.

In order to mitigate the influence of risk events, Zhang and Fan [6] propose to iden-
tify risk mitigation or risk response strategies § {i = 1, ..., NS}. These strategies can,
but do not have to, be applied (the application of all of them is impossible, because of
the limited budget available for risk mitigation). If they are applied, they will mitigate
the increase in time or cost or the decrease in quality caused by some risk events. Their
application costs money: the cost of applying Sis cs {i =1, ..., NS}.
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Zhang and Fan [6] consider strategies which may potentially mitigate all types of
negative effect: on time, cost and quality. In any case, the effects of such strategies will
be denoted as follows:

o TESE< — estimated mitigation in the delay of the kth activity due to applying the

ith strategy (in days), applicable if the ith strategy is selected and the jth risk event
causes a delay in the kth activity,

o CES;< — estimated mitigation in the cost increase of the kth activity due to apply-

ing the ith strategy (in US §), applicable if the ith strategy is selected and the jth risk
event causes an increase in the cost of the kth activity,

. QES'; — estimated mitigation in the quality decrease of the kth activity due to ap-

plying the ith strategy (expressed in the “quality” units), applicable if the ith strategy is
applied and the jth risk event causes a decrease in the quality of the kth activity.

In the model from [6], the decision variables Xj, i = 1, ..., N§ j=1, ..., NR, are
binary variables, such that x;j = 1 means that we use the ith strategy and it has an effect
on the jth risk event, otherwise X;j= 0. The necessary constraints assuring that X;j is zero
if the jth risk event is not affected by the ith strategy and other common sense constraints
are given. Also, we can introduce binary decision variables i, i = 1, ..., NSwhich assume
the value 1 if the ith strategy is selected and 0 otherwise. The necessary constraints
linking the X, i = 1, ..., NS j =1, ..., NRto the variables y;, i = 1, ..., NSare given too.

The objective function in [6] is as follows:

NS NR

max z=Y > gX;,i=12,.,NS,j=12,.,NR (1)

i=1 j=1

where: €, — expected effect of risk response after implementing risk response strategy S

to cope with risk event R,
Here we come to the most important drawback, the fourth one of the model from [6].
In that paper there is no further information about §;, 1=1,2,..,NS, j=1,2,..,NR We

can only deduce that they are expressed in monetary values. Thus, Zhang and Fan [6]
assume that for the ith risk response strategy, which may mitigate the negative effects
caused by the jth risk event on duration, cost and/or quality, the user is able to estimate
the total expected effect of the risk response (in monetary values) from the application
of the ith risk response strategy with respect to the jth risk event. Zhang and Fan [6] do
not give any hint at all as to how to do this. Also, in their model no explicit relationship

between g and the parameters TES:-(, CES;(, QES'J.‘ {k=1, ..., NA} is stated, nor are

the probabilities of the risk events given (the §;s are the only components in the model



Selecting project risk response strategies 81

from [6] where these probabilities might be implicitly taken into account). In our opin-
ion, such an approach is wrong, as no project manager would ever be able to estimate €;

and use the model. If we have TES,;( , CES'J-(, QESf'j‘ {k=1, ..., NA}, and even if we have

the probabilities of the occurrence of the jth risk event and of its consequences (in [6]
no hint of how to measure these is made), having read [6] we still have no idea how to
calculate €;, which should represent a kind of monetary aggregate representation of

TES,:-(, CES'J-(, QES:-‘ {k=1, ..., NA} and the corresponding probabilities. It is thus nec-

essary to make the objective function more precise and this is what we are proposing in
the next section.

In the next section, we present an improved version of the model, incorporating all
the corrections to the drawbacks of the model from [6] identified above.

3. Proposal of a new model

The model proposed in [6] has the drawbacks outlined in Section 2 and is in our
opinion incorrect. Therefore, we propose here a new model for obtaining the most de-
sirable strategies.

Having in mind the notation introduced in Section 2, we can state that the duration
of the kth activity after the occurrence of the jth risk event will be extended and can be

NR
denoted by the expression t, + ZTERE‘. Similarly, we can denote the increased cost of
j=1

NR
the kth activity due to the occurrence of the jth risk event as ¢, + Z CER}‘. The reduc-
i=1

tion in the quality of the kth activity due to the jth risk event will be expressed as
NR
G, — »_ QERY. This notation is identical to that used in [6].

j=1

We can use one or more strategies S {i = 1, ..., NS} that will have an impact on cost,
quality or duration of an activity, which can be described by the following equations,
similar to those from [6]:

NR NS
ot + Z (TERjk - Z )ngESjkj — for the duration of a task due to the occurrence of
i=1 i=1

the relevant risk events and the application of the selected risk response strategies,

NR NS
e C + z [CER}‘ - z )gkCES:-‘ ] — for the cost of a task due to the occurrence of the
j=I i=1

relevant risk events and the application of the selected risk response strategies,
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DY :\‘z (QERS — ZE %, QES;) — for the quality of the activity’s product due

to the occurrence of the relevant risk events and the application of the selected risk
response strategies.

The essential difference with respect to [6] is in the objective function. We claim
that the objective function (1) is inappropriate, because its coefficients are impossible
to determine. We propose to construct a multi-criteria model. As criteria functions we
propose the following:

Cost objective function (COF) — minimise the cost of all the activities in the project

NA NR NS
dlo+ Z(CER}‘ -3 kaES,;‘] — min.
k=l j=1 i=1

e Time objective function (TOF) — minimise the completion time of the last activity
in the project (the length of the critical path): S, — min (this objective is equivalent

to that of minimizing the duration of the project). Here we decided to put emphasis on
the end of the whole project, which is usually the most important time-related parameter
of the project. However, if the durations of the individual activities are important too,
even when they are executed in parallel (for example, because of resource consump-
tion), another time-related objective can be considered, for example the total time that
is spent on all the activities:
NA NR NS
o Z {tk + Z [TER;( - Z )ngES'; n — min. Other time related objectives might
k=1 j=1 i=1
be possible too, for example the sum of deviations from the planned completion times
of each of the activities.
¢ Quality objective function (QOF) — maximise the total quality of all the products

NA NR NS
of the activities in the project: Z ( g, + Z (QER;( - Z )ngEST D — max.
k=1 j=1 i=1

Of course, each multicriteria model has to be ultimately turned into a one criterion
model. This can be done, for example, by aggregating the three criteria above into one
using a weighted sum. Any other approach to multicriteria programming can be applied
too. The final choice depends on the decision maker: he/she has to decide how important
time, cost and quality are in a given case.

Now we describe the constraints in this model, based basically on [6], but corrected,
in particular to address the identified weaknesses:

NS
1. Z csy; < BC (where BC is the budget available for risk response — the cost of
i=1

implementing the selected strategies must fit within the budget for response strategies).
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NR NS
2.t +). (TER}‘ - % TES; j <T,, k=1, .., NA where Tiis the upper limit on
j=1 i=1

the duration of the kth activity — the actual duration of an activity cannot be greater than
the given upper limit, thus, if the effect of risk events in terms of time is too high for
a particular activity, some risk response strategies will have to be applied.

NR NS
3.+ Z (CER}( - Z )gkCESJ-k j <C, —a constraint analogous to 2, but for costs.
i=1 i=1

NR

NS
4. q - Z (QER}‘ - z )ngES'j( ) <Q, —aconstraint analogous to 2, but for quality.
i=l

j=1
NS
5. Z )ngES;‘ < TERjk, k=1, ..., NA —the effect of the selected strategies in terms
i=l
of time cannot be greater than the risk effect for a specific task.

NS
6. Z )gkCES:.‘ < CER}‘, k=1, ..., NA - a constraint analogous to 5, but for costs.
i=1l

NS
7. Z )ngES':-‘ < QER;(, k=1, ..., NA—a constraint analogous to 5, but for quality.
i=l1
8.5 =0.
NR NS
9.5 28, +t, + Z(TER{’ - % TESP j, k=2, .., NA pePR (standard depend-
il

i=1
encies between the starting times of predecessors and successors in a project, taking into
account the effect of risk events and of selected strategies).

4. Assessing the proposed method based on a real project

This section presents how to use the proposed method to select strategies that re-
spond to project risk based on the example of a project from the electricity industry. The
goal of the project is the engineering and construction of the main low voltage switch-
board for a live fish carrier (Helix Q7000) in Norway.

4.1. Data collection

Data collection was based on interviews with the project manager of the project in
question. The first step was to determine a list of activities in the project. A project
network diagram for the analysed project is shown in Fig. 1.
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Switchboard engineering Ordering the enclosure Switchboard

Al — analysis of load Ad - ordering plastic parts A8 —installation of copper bars
A2 — preparation of equipment list A5 —ordering steel parts A9 -equipment installation
A3 — preparation of wiring diagrams A6 - ordering copper busbars A10 - wiring installation

A7 - preparation of switchboard enclosure All - quality control
Al2 - factory acceptance test
A13 - packing and shipment

Fig. 1. Project network diagram

The next step was to determine a list of risk events for the project and a list of risk
response strategies, together with their costs.

The following risk events were identified:

R1 - delays in deliveries from suppliers,

R2 — lack of human resources,

R3 — documentation errors,

R4 — installation errors,

RS — variable exchange rate and prices of raw materials,

R6 — lack of certificate of approval,

R7 — errors during loading and unloading,

R8 — loss of the company’s financial liquidity,

R9 — lack of the contractor’s involvement.

The following risk response strategies were identified:

S1 — outsourcing of human resources,

S2 — outsourcing of equipment,

S3 — double verification of documentation,

S4 — ordering raw materials in “higher lows” (sign of a bullish market),

S5 — recruitment of experienced human resources,

S6 — regular legal analysis.

The estimated budget for response strategies is 800 000 PLN.

The project manager has determined the currently planned (cx) and the highest ac-
ceptable (Cy) cost, the currently planned (gx) and the lowest possible (Qx) quality for
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each activity and the currently planned duration (tx) of each activity in the project. No
limit for the duration of each activity (constraint 2) was set, thus the Ty are equal to
infinity for k=1, ..., 13. The results are shown in Table 1.

Table 1. Currently planned (ck) and the highest (Ck) possible cost,
currently planned (gk) and the lowest (Qx) possible quality for each activity
and the currently planned duration of each activity in the project (tk)

Activity tk [day] ck [PLN] Ck[PLN] Ok [%] Qk [%]
Al 24 90 280 000 100 70
A2 14 630 800 000 100 70
As 7 500 700 000 100 90
A4 7 590 900 000 100 50
As 25 0 800 000 100 50
As 36 400 700 000 100 50
A7 38 1000 3000 000 100 30
Asg 10 0 200 000 100 30
Ao 30 200 600 000 100 60
Ao 60 100 800 000 100 60
Aul 15 0 400 000 100 0
A2 10 400 550 000 100 100
Az 6 0 100 000 100 100

The next step was to estimate the effects of the risk events on the duration, cost and
quality of activities. Here we would like to underline that the project manager stated
that estimating the effects of the risk events and selected risk response strategies purely
in aggregated monetary units — in the way it was proposed in [6] — is not possible (not
realistic). The approach represented by the objective function (1) was definitely rejected
by the company analysed. They said that they would have no idea how to estimate the
coefficients of (1). Results of the estimation are shown in Table 2.

Table 2. Estimation of effects of risk events on duration [day], cost [thousand PLN]
and quality [%] of activities

Activity | Av | Ao | A | Av | As | As | A | As | Ao | Ao | A | Az | A

TER: - - - | 14 | 10 | 10 | 21 - - - - - -
CER: - - - - - - - 40 1200 ]400 | — - 130
QER: - — - [ 20 | 20 | 20 | 20 10 | — - [ 40 | — -

TER 6 4 2 2 6 9 8 3 9 | 18] 4 — —
CER: | 100 | 200 | 200 | 300 | 400 | 300 | 1500 | 100 | 200 | 400 | 200 | — —
QER. | 50 | 50 | 50 | 30 | 30 | 30 | 30 | 50 | 50 | 50 | 50 | — —
TER; | 21 8 4 1 4 6 11 2 12 |18 | — |10 | 2
CERs | 200 | 400|200 | 120|160 | 120 | 1200 | 40 | 160|320 | — |200| 40
QER; | 30 ] 20 | 10 | — - - 20 5 - - [ 50 | - -
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Table 2. Estimation of effects of risk events on duration [day], cost [thousand PLN]
and quality [%] of activities

TER | - [ - [ - [ - -T-T] -Ts5T15]3]15]-]-
CERs | - | - [ = [ = =1 -1 - 160]120[240]400] - | -
QER: | - | - [ -1 - =1 -1-T141]30[30][50] -]-
TER | - | - | - [ - [ -1 -1 -1T-T-1T-1T-T-1-
CERs | - | - [ =30 ]w6]e60 ]300 - | - [ - -1]-1]-
QERs | - | - [ -1 -1 -[-T-"1T-"1T-"1-"1T-=-1-=1-
TER | 4 |3 |2 [ - [ - -] -—T2T9ol1s[15]8]-
CERs | 60 [120[120] — | = [ = [ = T[40 [120[240[ 400160 —
QERs | - | - [ - T -1 -1T-T-"1s5]-T=-Tw|]-1-
TER, | - | - | =[5 [20]30 ][ 28 [10]30]6 [15]10]5
CER, | — | = [ = [600]800 6003000200400 [800][400 200 ] 100
QR | - [ - [ =T -1 -=[-T2 5[ -[-1Ts5]-1]-
TER | - | - | - [2]e6e o 8 [ -1 -1-1-1-1-
CERs | - | - [ - [ == -TJTumso] - [ - [ -1T-1-1-
QERs | - | - [ - - =[] -To2o | -] -[-1-1-1-
TER |21 |4 [ 1 [ - [ - -1 -T[-Ts3]-T]T-T11]2
CER |40 |80 40| - [ - [ - - [ -[-1-1-1-1-
QER |10 oo | - [ -T -T-T-T-T-1T-=-1T-

In the next step, the project manager defined which strategies and risks are con-
nected and then estimated the effects of selected risk response strategies on the duration,
cost and quality of activities. The results are shown in Table 3.

Table 3. Estimation of the effects of selected risk response strategies
on the duration, cost and quality of activities

Duration [day]
ALl A A AT A | A A; As | Ao | Ao | Aii | Az | Ais

TES | 3 2 2 1 3 4 4 2 5 9 2 — —
TES; | - — — 2 10 15 14 5 15 | 30 8 5 3
TES:3 7 4 2 1 2 3 5 1 6 9 — 5 1
TES | — - — — - — — 2 7 15 7 - -
TES:s | 2 1 1 - - - - 1 5 8 7 5 -
TES:;s | — — — — — — — — — — — — —
TESs1 | — - — 7 5 5 10 - — — — — —
TESs: | 2 1 1 2 2 3 4 1 4 8 1 — —
TESs3 6 3 3 2 2 2 4 2 5 8 — 4 1
TESss | — - — - - - - 1 8 14 | 8 —

TESss | 1 2 2 - - - 2 6 7 7 4 —
TESs7 | — — - 2 10 | 14 14 5 15 | 30 | 8 5 3
TESss | 7 3 3 2 3 3 3 2 6 10 6 2
TESs | — - — — — — - 3 7 15 8 — —
TESe | 1 1 1 — — — 2 6 8 6 —
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Table 3. Estimation of the effects of selected risk response strategies
on the duration, cost and quality of activities

Cost [thousand PLN]

Al | A | As | Av | As | As A7 As | Ao | Ao | Aii | Az | Ais
CESi2 | 50 | 100 | 100 | 150 [ 200 | 150 | 100 | 50 | 100 | 300 | 100 | — -

CESy | - - — 200 | 400 | 200 | 200 | 100 | 200 | 400 | 200 | 150 | 100
CESs3 | 100 | 200 | 100 | 100 | 60 | 100 | 600 | 20 | 100 | 150 | — | 100 | 30
CESy | — - - - - - - 50 | 20 | 140200 | — —
CESs6 | 20 [ 100 ] 50 | — — - - 30 | 20 | 120200 | 80 | —
CES;s | — - — [ 30 ] 10 | 40 | 200 | — - — — - —
CESs1 | — - - - - - - 30 | 100 | 200 | — - |30
CESs2 | 40 | 90 | 100 | 100 | 200 | 150 | 800 | 40 | 50 | 200 | 150 | — —
CESs; | 150 | 150 | 150 | 150 | 50 [ 100 | 500 | 20 | 150 | 150 | — | 100 | 50
CESss | — - - - — — — 30 | 30 | 100|100 | — —
CESs¢ | 10 | 100 | 40 | — — — - 40 | 30 | 100|200 | 90 | —
CESs7 | — - — 1200 | 400 | 200 | 2000 | 100 | 200 | 400 | 200 | 150 | 100
CESs3 | 100 | 190 | 110 | 110 | 50 | 90 | 500 | 30 | 110 | 150 | — | 100 | 20
CESes | — - - - - - - 30 | 30 | 100 | 150 | — —
CESs6 | 20 | 100 ]| 50 | — — - - 40 | 40 | 100|190 ] 90 | —

Quality [%]
Al | A | A | A | As | As A7 As | Ao | Ao | At | Az | Ais
QESi2 | 50 | 50 | 50 | 30 | 30 | 30 30 50 | 50 | 50 | 50 — —

QESy| — | — | — [ 2020 20] 30 | 5 |20 20]50]20]20
OESs |30 |20 (10| - | - | —[20 [0 - [ -[5s0] - 1=
QES | — - | - - - | - - 5 - - |10 | - -
QESs | — - | - - - | - - 5 - - | - | - -
ESs| — | | | -1 - T | [ -1 1-1T-"1=
QESsi | 30 |30 |20 ] 20 |20 ] — | — |40 | - | -
QESs2 | 50 | 50 | 50 | 40 | 30 | 40 | 30 | 50 | 60 | 60 | 50 | — | —
QESs | 40 |30 [ 20| - | - | - [ 20 [1t0] - | - [50] - | -
QESu| - | - | - | - [ - [ - —Tw| - -T-1-1=
QESs| — | - | | - [~ 1T - — Tt - Ja| |-
QES| - | - | - | - [ - [ —[tolw]| [ - -[-1-
QESs |30 |10 10| - | - | —[10 s |- - -]T-71-=
QESu| - | - | - |- [ - = =T[5 -]-Ta]|-]-
QESw| - | - | - | - |- [ - [ —Twl - -T-1T-1T=

4.2. Calculations and results

After analysing the case study and an interview with the project manager, we de-
cided to divide the multicriteria model into three separate models: one model with TOF
as the objective function, one with COF and one with QOF, each time applying con-
straints 1-9 from Section 3. From the perspective of a decision maker, this is an efficient
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approach, because in practice we may deal with various situations, where one of the
project parameters — time, cost or quality — is the most important one. The other two can
also be included in the model as constraints. Based on the collected data, we imple-
mented these three models using the free GUSEK package (GLPK Under SciTE Ex-

tended Kit). Table 4 summarizes the results.

Table 4. Comparison of the results from applying different models

.o .
Quality [%]/ | Time [day])/ | Cost [PLNY/ . Cost | Total cost [PLNY
Selected |as a percentage|as a percentage|as a percentage |of implementing
Model . . . . as a percentage
strategies|of the optimum|of the optimum|of the optimum| the selected of the optimum
QOF TOF COF |strategies [PLN] P
I(VI(?d?l 1 i 51,52, 10 956 000 11 153 000
THMING 1 g3 95| 855/96 350 197000
project duration 6 /280 /270
TOF)
](\r/:”ﬁflierln?sin 81,82,
. 8 S3, 54, 665/74 539/154 3910000 224 000 4134000
project cost S5.S6
COF) ’
Model 3 312
(maximising P e 14 660 000 14 857 000
project quality S3é6SS, 895 734/210 ;375 197 000 1359
QOF)

It has to be underlined that the term cost in Table 4 (5th column) refers to the ex-
pected cost of the project itself, the cost of implementing the selected strategies is ex-
cluded. The last column presents the total cost, i.e., the sum of the cost of the project
(5th column) and the cost of implementing the selected strategies (6th column).

According to model 1 and model 3, the same set of strategies is selected. According
to model 2, the selected set is greater by one element: the strategy S4. That is why the
application of the strategies selected according to model 2 is more expensive than ac-
cording to the other models. However, the cost of applying the additional strategy is
compensated by a much lower expected project cost and the total cost is also much
lower than according to the other two models.

Thus, obviously the lowest expected project cost is obtained for model 2, the great-
est quality for model 3 and the shortest project duration for model 1. Applying the last
model makes us pay for the best quality: it gives the worst results in terms of time and
cost (210% and 375% of the minimum values, respectively). The gain in quality by
applying model 3 is relatively low in comparison to the losses in terms of time and cost.
However, if one needs to keep the quality high, not paying attention to costs or time,
applying model 3 gives the desired results.
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Applying model 1, minimizing the duration, is also very good as far as quality is
concerned, and less expensive than applying model 3. Thus the final choice was made
between model 1 and model 2. The final decision of the manager was to apply model 2,
because it was easier to convince the client to accept a delay in the project than to pay
more money for its execution.

5. Conclusions and further research

A modification of the model proposed by Zhang and Fan [6] for solving the problem
of selecting a risk response strategy in project risk management has been proposed. The
main modification concerned the objective function — in the opinion of the authors of
the present paper the objective function proposed in [6] was inappropriate and unrealis-
tic, as well as being impossible to understand or apply. The modified model has been
tested using a real life project. During the assessment of the method, interviewees un-
derlined that it was difficult for them to estimate the parameters used in the model pro-
posed here and analysis was really time consuming. However, the results were satisfy-
ing for them, because the model allows more systematic and efficient risk management.
The interviewees also underlined that the model proposed in [6] would have been com-
pletely impossible to apply, as the coefficients from the objective function would have
been impossible to estimate.

Of course, the proposed model still requires further improvements. Further im-
provement of the model could consist of including estimates of the probabilities of risk
events and enabling the estimation of parameters by experts by means of linguistic ex-
pression, which can be converted into a quantitative form by using fuzzy numbers.
Thanks to this, data collection will take less time and seem more natural to the inter-
viewees.

Further research could also focus on analysing the multicriteria model. Various
methods of solving multicriteria problems might be used, including interactive ones. In
this way, the decision maker would actively participate in choosing the objective and
based on this the appropriate risk response strategies would be chosen.

Also, the objectives might be changed or enhanced, as today the mere project trian-
gle (time, cost, quality) is not considered sufficient for evaluating whether a project is
successful or not. The perception of individual project stakeholders is becoming more
and more important (e.g., [2]). What is more, the representation of a project as a set of
activities and the relations between them might take more complicated forms (e.g., de-
pendencies of the type finish-to-finish, start-to-start, or start-to-finish with slack varia-
bles representing the gap between activities should also be considered, as well as re-
sources and their levelling [5].
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