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Introduction
Projects have a great impact on modern society. They are the basic tool of
the strategy implementation in commercial, public, and “non-profit” organizations. Although the recognition of the project management role is higher and
higher, it is evident that the wastage of resources resulting from improper selection of projects and their improper formulation is immense. Together, these two
factors limit the growth potential of the organization and undermine its competitive position.
Trying to reach this challenge, it is worth to look to the solutions provided
under the project portfolio management (PPM). Although it is sometimes viewed
as another project management technique, in fact, it is not that. PPM goes beyond the project management, as it spans the path from the organization’s vision,
through project management, to the realization of the benefits (Levine, 2005).
The selection of the right projects at the right time is crucial for successive PPM.
It is commonly assumed that for each project a single objective should be
defined. This overall goal should be specified as clearly as possible, since the
shortcomings in project definition are among the main reasons of project’s fiasco. The clarity and unambiguity in defining the goal, which is an advantage for
a single project, becomes a burden when the entire portfolio of projects is analyzed. Both researchers and practitioners agree that multiple goals should be considered when portfolio is constructed. This follows from the fact that the organization’s strategy cannot be reduced to the single precisely defined objective.
The multidimensional nature of the project portfolio selection problem is
noticed both by researchers focusing on project management, as well as those
who deal with decision support methods. In most of project management textbooks simple scoring techniques for project prioritization are presented. On the
other hand, operational research provide complex models requiring sophisticated
algorithms. Such approaches are viewed by managers as difficult for practical
implementation. One of the reason is that usually a large amount of information, in
particular concerning the decision-maker preferences, is needed. The collection of
such information is time-consuming and inconvenient if it is done once at the beginning of the procedure. However, preference information can also be gathered in
a stepwise manner. This methodology is referred to as interactive approach.
The aim of this paper is to present the way in which interactive approach
can be used for solving project portfolio selection problem in a real-world application. The procedure combines computer simulation, analysis of experts’ assessments and interactive multiple criteria procedure INSDECM. Although our
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procedure can be applied to any type of project, it is particularly useful for engineering ones, such as those analyzed in the paper.
The numerical example presented in the paper comes from an engineering
company providing solutions for the railway industry. The organization under
consideration applies so-called Project Management Style of Business Management. Most of its business activity is focused on executing projects with clearly
defined goals and precisely specified deadlines.
The paper is structured as follows. In next section the a brief review of related works is provided. Then the problem is defined and general idea of the procedure is discussed. Finally a practical application of the proposed technique is
presented. The last section is a conclusion.

1. Related work
Project portfolio management is more and more popular both within researchers, and practitioners. The turbulent environment in which managers have to
work today encourages them to look for new techniques, that help navigate in
uncertain conditions. Analyzing the literature, we can identify two main approaches to the project portfolio construction problem. In popular textbooks on
project management, and other publications addressed to project managers simple techniques based on financial models and multiple criteria scoring are proposed (Gray and Larson, 2008; Levine, 2005; Nicholas and Steyn, 2008). The
approach that is used most often assumes that the portfolio is constructed in two
steps: first projects are prioritized according to the set of criteria, next the portfolio is constructed taking into account additional requirements on its structure.
On the other hand, a large number of works proposing complex models
requiring sophisticated algorithms is published. For example, Doerner et al.
(2006) propose to use ant colony meta-heuristic for identifying Pareto-optimal
portfolios. In Liesiö et al. (2007; 2008) robust portfolio modeling is used to
support project portfolio selection in the presence of multiple evaluation criteria
and incomplete information.
A technique that is used very often for prioritizing projects is Analytical
Hierarchy Process. This approach is used for example by Lootsma et al. (1990),
Kearns (2004) and Dey (2006), Ahari et al. (2011). Techniques based on the
utility function constitute another group of multi-criteria techniques employed in
project selection problems. They are based on the assumption that each decision
maker attempts to maximize some utility function aggregating evaluation criteria. In this case, the main problem is to estimate the utility function. Multiattribute utility analysis is used, for example, by Moselhi and Deb (1993), who
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treat uncertainty in a similar way to that used in the PERT technique. Wong et
al. (2000) incorporate fuzzy analysis into multi-attribute utility theory.
Fuzzy set theory is often applied to model uncertainties that managers are
faced with. Models for the project portfolio selection using this approach are
proposed for example by Lin and Hsieh (2004) and Wei and Chang (2011).
The solution of a multiple criteria decision making problem is possible if
the decision maker is able to provide information about his/her preferences with
respect to the set of objectives under consideration. An efficient way to collect
this information is to use interactive techniques. They assume that the decision
maker is able to provide preference information with respect to a given solution
or a given set of solutions (local preference information). Numerous interactive
techniques have been proposed in recent years. Most of them are applicable in circumstances of certainty, although techniques devised for the case of risk are also
proposed. The INSDECM (Nowak, 2006; 2008), combines interactive approach and
risk analysis based on stochastic dominance and mean-risk analysis.

2. The problem and the methodology
Projects are the major tool for implementing and achieving the strategic goals of the organization (Gray, Larson, 2008). The company that selects right
projects and implements them efficiently is able to achieve a competitive advantage. The question is: what does it mean “right projects”? First, projects should
contribute to stakeholder value creation. Thus, financial analysis is crucial for
project evaluation. However, financial return, while important, does not always
reflect strategic importance. Often companies have to choose between potentially profitable projects that are outside the zone of their core mission and the ones
that do not have high profit margins, but are important from strategic point of
view. The reasons for selecting less profitable proposals include:
− to capture larger market share,
− to make it difficult for competitors to enter the market,
− to develop a product, which by its introduction will increase sales in more
profitable products,
− to develop technology that will be used in next-generation products, etc.
(Gray, Larson, 2008).
As no single criterion can reflect strategic importance, portfolio management needs multiple criteria models. It should be noticed that usually it is not
easy to evaluate how much a project contributes in supporting the achievement
strategic goals, since criteria are often intangible. As a result internal or external
experts are asked to evaluate projects.
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In this paper project portfolio selection is defined as a discrete decision making problem, for which we define:
1. A finite set of decision alternatives:
A = {a1, a2, … , am}
2. A finite set of criteria:
F = {f1, f2, … , fn}
3. A set of evaluations of alternatives with respect to criteria:

⎡ f1 (a1 )
⎢ M
⎢
E = ⎢ f1 (ai )
⎢
⎢ M
⎢⎣ f1 (am )

L
L
L
L
L

f k (a1 ) L
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f k (ai ) L
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f k (am ) L
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In our problem the set of alternatives consists of the portfolios satisfying
constraints defined by the decision maker (or decision makers). Such constraints
may arise from the available resources, requirements for the portfolio structure
(percentage of resources invested in particular types of projects), or the need for
“must-do” projects.
Both financial and non-financial criteria are taken into account. Net present
value (NPV), internal rate of return (IRR), profitability index (PI), payback period (PP) are the financial criteria that are used most often. They require prediction of future cash-flows. In the real world, however, none predictions are
known with certainty. Our procedure uses computer simulation to estimate the
financial efficiency of each project and to assess the variability of outcomes.
Simulation results are then used for generating probability distributions describing profitability of each project.
Project analysis cannot ignore its duration. Faster implementation allows to
release resources that can be involved in other projects. Just as in the financial
analysis it is necessary to consider uncertainty, especially when an innovative
project is planned. Here we assume, that simulation model is also used to estimate duration of each project.
Non-financial criteria are in general of qualitative nature. In order to evaluate them we need a rating scale. Such scale can be defined, for example, as a 5-point one, with 1 assigned to the least desirable and 5 to the most desirable output. However, sometimes it is convenient to use a multidimensional scale. Such
approach is used for example in risk analysis. In Failure Mode and Effects Analysis (FMEA) three dimensions are taken into account for identifying the risk
level: impact, probability, and detection. Each of the three dimensions is rated
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according to a five-point scale. The weighting of the risk is then based on the
overall score which is the product of these three ratings. Although the analysis of
this type is mainly used for risk assessment, it can also be applied to study other
characteristics, such as the possibility to reach additional benefits from project
(new contracts, service contracts, etc.).
In many companies people employed in various positions are asked to evaluate projects. As a result, a series of evaluations is obtained for each project.
Commonly, a mean of such estimations is calculated. However, in such case part
of information is lost, as we do not know whether people evaluating the project
agree with each other or not. Instead, we can assume equal probability for each
assessment and use them for constructing probability distributions.
Taking into account the above assumptions we obtain a problem in which
the evaluation of each alternative with respect to each criterion is represented by
a probability distribution. The problem solving procedure consists of three steps.
First, the set of criteria is defined. Next, evaluations of projects with respect to
the criteria are generated. Finally, interactive technique is employed for selection
of the most desirable project. The steps required to perform the analysis are described below.
Step 1: Identification of criteria
The selection of the criteria is of crucial importance. According to Roy
(1985), the set of criteria should meet three requirements: it should be complete,
consistent, and non-redundant. The first requirements means that all important
aspects of the problem are covered. The set of criteria is consistent if local relations between alternatives (with respect to each criterion individually) are consistent with global relations (with respect to the general objective). Finally, nonredundancy means that removal of any criterion causes the violation of at least
one or previous requirements. It’s obvious that for any decision problem multiple sets of criteria satisfying the above conditions can be proposed. The final
choice is greatly affected by the accessibility of the data.
Step 2: Generation of portfolio evaluations
As mentioned above, we propose to use simulation to analyze the financial
efficiency of the project. This technique allows consideration of various risks.
For example, when a construction or manufacturing project is analyzed, uncertainties related to availability of resources, market prices, or demand can be considered. On the other hand, in projects with R&D elements activity durations are
much more sensitive to incorrect evaluation. In such cases simulation may
provide the dates of the milestones of the project, which determine the set of
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cash-flows during the life cycle of the project. One of the most important elements of simulation modeling is identifying appropriate probability distributions
for input data. Usually, this requires analyzing empirical or historical data and
fitting these data to distributions. Sometimes, however, such data are not available and an appropriate distribution has to be selected according to the decision
maker’s judgment. Once the simulation model is built, verified, and validated, it
can be used for generating probability distributions of output variables.
As to qualitative criteria, we assume that experts from within or outside the
parent organization are asked to evaluate proposals. In the case study presented
below, specialists form various departments evaluated projects taking into account various risk factors, as well as the possibility to achieve additional benefits
from projects. These leads to a series of evaluations which is transferred to probability distribution, in which each evaluation obtains the same probability.
Step 3: Identifying the final solution using interactive technique
The procedure that we propose for identifying the final solution is INSDECM (Nowak, 2006). This is an iterative technique. In each step a so-called
“potency matrix” is presented to the decision maker (or decision makers). Such
matrix consists of two rows that group the best (optimistic) and the worst
(pessimistic) values of characteristics that reflect how good are the alternatives
analyzed in the current step of the procedure. As the evaluations of alternatives
are not crisp values but are expressed by probability distribution, we need to find
a way in which this information should be presented to the decision maker. INSDECM assumes that various distribution characteristics can be used including
mean, standard deviation, semideviations and probability that the satisfactory
value would be obtained. As managers are usually not familiar with sophisticated statistical analysis, simplest characteristics are used most often (mean, probability of reaching satisfactory value). The scope of information that should be
presented is defined by the decision maker.
After reviewing the results, the decision maker is asked whether pessimistic
values are satisfactory. If the answer is “yes”, current set of alternatives is presented
to him (or her) to make the final choice. Otherwise, the decision maker is asked to
specify the criterion that should be improved and to define the constraint on the
value of the distribution characteristic analyzed for this criterion. Next, the set of
alternatives satisfying this constraint is identified and the procedure goes on.
In INSDECM additional analysis for identifying potential inconsistencies of
the constraints defined by the decision maker with theoretical assumptions is
conducted. However, we will not discussed it here. The details for INSDECM
technique can be found in Nowak (2006; 2008).
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3. A case study*
The procedure briefly discussed in previous section was used for analyzing
the project portfolio selection in a company providing solutions for the railway
industry. The company can be characterized as an organization that applies project management style of business. Most of it’s revenues comes from executing
projects. The company is famous for the exceptional care it takes with regard to
the safety of equipment and the range of services offered. Due to the specialised
nature of its business, the execution of each project requires particular attention
to detail and care both in preparation and implementation phase.
All activities of the company are based on the project management methodology. This approach makes it possible to compare new proposals with previously completed projects and to prevent the reproduction of the same mistakes in
the future. The company tries to construct a balanced project portfolio taking
into account not only the profitability, but also various types of risks and criteria
referred to as “political”. These include factors affecting the future ability to
generate additional revenue which are currently difficult to quantify.
The practice of the company is that multiple project portfolios are constructed covering different areas of its business. The problem considered here was to
construct a portfolio of projects involving the installation of a particular type of
equipment on railway lines located in Poland. The company assumed that it
would be responsible for completing all projects, but some of them would be
subcontracted. Company was interested in identifying the projects that should be
realized using its own resources.
The set of potential projects consisted of 9 proposals. Based on the information about available resources 14 potential portfolios were identified (Table 1).
Table 1
The set of analyze portfolios
Portfolio
Portfolio 1
Portfolio 2
Portfolio 3
Portfolio 4
Portfolio 5
Portfolio 6
Portfolio 7
*

Projects
4
1
1
1
1
5
2

8
2
2
3
4
8
9

5
3
4
5

6
5
5
6

7
7

9
9

The results presented in his section are partly based on the results presented in Twardoch (2011).
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contd. table 1
Portfolio 8
Portfolio 9
Portfolio 10
Portfolio 11
Portfolio 12
Portfolio 13
Portfolio 14

1
3
2
2
2
2
1

2
4
3
4
3
3
3

5
5
5
5
4
4
4

7
6
7
6
7
6
5

7

9

6

9

The general objective was to identify the portfolio maximizing the profit,
minimizing the workload (measured in hours), was the least risky and guaranteed the highest potential for future benefits. Thus, following criteria were considered: the total profit of all projects, the total time required for completing all projects, risk associated with the co-operator, risk of customer, internal risk, benefits –
project’s impact on business operations. It was also assumed, that projects would be
executed in a series – one after another. As the projects were small (the duration of
each project was never more than one month), it was not necessary to take into account discounting rate. The set of criteria is presented in Table 2.
Table 2
The set of criteria
Criterion
f1
f2
f3
f4
f5
f6

Description

Type

total profit
total completion time
risk associated with co-operator
risk of customer
internal risk
total impact on business operations

quantitative
quantitative
qualitative
qualitative
qualitative
qualitative

In order to analyze profitability of each project following cost items were
taken into account: materials, installation, training, system adaptations, project
engineer, construction management, planning, project management, safety, and
others. For each item three estimations were obtained: minimum, maximum, and
the most probable cost. A triangle distribution was accepted to describe the variability of cost items. The same assumption was made regarding the completion
time of each activity. The simulation results are presented in Table 3.
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Table 3
Simulation results (means of probability distributions)
Portfolio

Total profit (thousands of PLN)

Duration (hours)

483.9
472.3
485.3
495.0
482.0
488.8
473.8
483.7
490.3
491.9
435.3
487.1
475.8
483.7

333.6
414.3
428.1
515.6
501.8
345.4
297.2
419.5
510.5
428.2
406.2
416.7
411.5
510.3

Portfolio 1
Portfolio 2
Portfolio 3
Portfolio 4
Portfolio 5
Portfolio 6
Portfolio 7
Portfolio 8
Portfolio 9
Portfolio 10
Portfolio 11
Portfolio 12
Portfolio 13
Portfolio 14

Table 4
Risk Severity Matrix
Impact
(large) 5
4
3
2
(small) 1
0.1

0.2

0.3

0.4

0.5
0.6
Probability

0.7

0.8

0.9

1.0

The company uses a risk severity matrix to for risk assessment (Table 4).
This tool was used in our procedure. Three experts were asked to fill the risk
severity matrix for each project and for each risk factor. In order to calculate risk
value the impact factor was multiplied by 2 and the probability was multiplied
by 10. Thus, both dimensions were measured in scale from 1 to 10. For example
expert no. 1 assessed the first project with respect to criterion f3 (risk associated
with co-operator) in the following way: impact = 3, probability = 0.5. As a result, the risk value was calculated in the following way:
Risk value = (3 × 2) × (0.5 × 10) = 30
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The same technique was used to evaluate projects with respect to criterion
f6. However, in this case the impact was assumed to be positive. The results are
presented in Table 5.
Table 5
Evaluations of projects by experts
Expert

1

2

1
2
3

30
16
36

8
12
36

1
2
3

16
4
12

12
8
12

1
2
3

48
8
8

12
12
8

1
2
3

72
30
60

36
48
60

3

4

Project
5

6

7

8

9

f3 – risk associated with co-operator
4
72
8
16
8
8
18
2
80
30
30
30

64
18
12

12
30
6

4
18
80

4
30
12

f4 – risk of customer
64
4
4
12
70
70

100
30
30

64
8
8

24
10
8

12
4
80

12
12
8

f5 – internal risk
64
12
12
4
18
8

36
12
8

42
30
8

24
20
8

12
12
18

8
42
32

24
24
16

30
64
100

f6 – total impact on business operations
24
8
42
24
56
28
64
48
72
70
42
56

Evaluation of the portfolio with respect to qualitative criterion was calculated as the average of evaluations of projects included. For example, for the first
expert evaluations of portfolio no. 1 (projects 4 and 8) are: for criterion f3 – 42
(average of 72 and 12), for criterion f4 – 44 (average of 64 and 24), for criterion f5 –
44 (average of 64 and 24), and for criterion f6 – 16 (average of 8 and 24). For each
portfolio and for each qualitative criterion we obtained three evaluations.
Final solution of the problem was identified using interactive procedure
INSDECM. The dialog was conducted with the manager responsible for the
selection of the projects. First, he was asked what information should be presented. His answer was as follows:
− criterion f1: mean and probability of reaching value 485 thousands PLN,
− criterion f2: mean,
− criterion f3: the highest risk evaluation (from assessments provided by three
experts),
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− criterion f4: the highest risk evaluation (from assessments provided by three
experts),
− criterion f5: the highest risk evaluation (from assessments provided by three
experts),
− criterion f6: the lowest benefit evaluation (from assessments provided by
three experts).
The data presented that were presented to the manager are listed in Table 6.
Criteria f1 and f6 are maximized, while others are minimized. Thus, optimistic
values for criteria f1 and f6 are the highest values attainable within the whole set of
feasible solutions, and pessimistic are the lowest ones. For other criteria the situation
is opposite: optimistic value is the lowest, and pessimistic is the highest.
Table 6
Information presented to the decision maker in iteration no. 1
criterion
characteristic

f1

pessimistic
value
optimistic value

mean

P{f1(ai) ≥ 485}

f2
mean

f3
max

f4
max

f5
max

f6
min

435.4

0.00

515.6

58.0

46.0

80.0

16.0

495.0

0.87

297.2

24.0

25.5

43.0

43.5

After reviewing the information, the manager said that the pessimistic values
were not satisfactory. He decided to consider only those portfolios for which the
probability of reaching the profit not less than 485 thousands was at least 0.5:
P{f1(ai) ≥ 485} ≥ 0.5
The numbers of portfolios satisfying this constraint are as follows: 1, 3, 4, 5, 6,
8, 9, 10, 12, 14. Thus, portfolios no. 2, 7, 11, and 13 were no longer considered.
In the next iteration the manager focused on criterion f2. He was interested
in the probability that the value of this criterion (the number of hours used for
completing projects) would not exceed 430. New potency matrix was constructed and presented to the manager (Table 7).
Table 7
Information presented to the decision maker in iteration no. 2
criterion
characteristic

f1
mean

f2
mean

pessimistic value
optimistic value

482.0
495.0

515.6
333.6

60

P{f2(ai) ≤ 430}
0.00
1.00

f3
max

f4
max

f5
max

f6
min

47.7
24.0

45.7
25.5

66.7
43.0

16.0
43.5
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It is not difficult to state that only for criterion f2 optimistic value was worsened. For other criteria optimistic values were the same as in iteration 1. On the
other hand, pessimistic values were improved for all criteria except f2 and f6. The
manager was again asked whether pessimistic values were satisfactory, and the
answer once more was “no”. The next constrained defined by him was to consider only such portfolios for which the probability that the value of the second
criterion would not exceed 430 was not less than 0.5:
P{f2(ai) ≤ 430} ≥ 0.5
His constraint was not satisfied for portfolios no. 4, 5, 9, and 14. Thus, the
following portfolios were still under consideration: 1, 3, 6, 8, 10, and 12.
Next, the manager decided to analyze criterion f3. The potency matrix presented in iteration 3 is listed in Table 8.
Table 8
Information presented to the decision maker in iteration no. 3
criterion
characteristic
pessimistic value
optimistic value

f1
mean
483.7
491.9

f2
mean
428.2
333.6

f3
max
45.5
24.0

f4
max
44.0
25.5

f5
max
58.5
43.0

f6
min
16.0
43.5

The constraint that was defined by the manager in this phase was: for criterion f3 the risk value should not exceed 40. As a result two portfolios were excluded: 1 and 3. After two other iterations two alternate portfolios were presented
to the decision maker (Table 9). The manager decided to choose portfolio 6.
Two projects (no. 5 and 8) were chosen to be executed using the company’s own
resources. Other were subcontracted.
Table 9
Portfolios proposed to the decision maker at the end of the procedure
criterion
characteristic
Portfolio_6
Portfolio_8

f1
mean
488.8
483.7

f2
mean
345.4
419.5

f3
max
24.0
28.5

f4
max
39.0
25.5

f5
max
44.0
48.5

f6
min
29.0
39.5
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Conclusions
The procedure presented here was implemented in a real-world environment. Although, it was not easy to explain the idea of our approach to the manager, finally he was content with the technique. He was especially satisfied with
the possibility to analyze how the choices he made, affect the results. He stated
also, that by using this procedure, his conviction of making the right choice
significantly increased.
Another result of this experiment was the formulation of additional requirements for the procedure. First, the manager pointed out, that the project portfolio selection cannot be treated as a static problem. In fact, the company in
which he is employed constructs its project portfolio continuously. According to
him, the procedure should therefore take into account the potential of new, more
attractive projects that are currently not available. What’s more, the area for
which the procedure was applied is only a part of company’s business. Manager
stated that its use in a wider context requires taking into account the need to
balance the portfolio. As he said, in practice a step-by-step procedure is often
used. It starts from analyzing large, strategic projects, and then supplementing
the portfolio by smaller proposals. However, he stated that such approach not
always is efficient, as decisions on executing large projects may preclude implementing smaller, but very important projects.
The experience gained in the experiment described in this paper will be
used in our further research. We are going to propose a procedure which takes
into account the requirements formulated by the manager. We want to use dynamic programming approach that allows taking into account the dynamic nature of the project portfolio construction process.

Acknowledgements
This research was supported by Polish Ministry of Science and Higher Education in years 2010-2013 as a research project no NN 111 235036.

References
Ahari S.G., Ghaffari-Nasab N., Makui A., Ghodsypour S.H. (2011): A Portfolio Selection Using Fuzzy Analytic Hierarchy Process: A Case Study of Iranian Pharmaceutical Industry. “International Journal of Industrial Engineering Computations”, 2,
pp. 225-236.

62

INTERACTIVE APPROACH TO PROJECT PORTFOLIO SELECTION

Dey P.K. (2006): Integrated Project Evaluation and Selection Using Multiple-attribute
Decision-making Technique. “International Journal of Production Economics”,
103, pp. 90-103.
Doerner K.F., Gutjahr W.J., Hartl R.F., Strauss C., Stummer C. (2006): Pareto and Colony Optimization with ILP Preprocessing in Multiobjective Project Portfolio Selection. “European Journal of Operational Research”, 171, pp. 830-841.
Gray C.F., Larson E.W. (2008): Project Management: the Managerial Process. McGraw-Hill/Irwin, New York.
Kearns G.S. (2004): A Multi-objective, Multi-criteria Approach for Evaluating IT
Investments: Results from Two Case Studies. “Information Resources Management
Journal” 17, pp. 37-62.
Levine H.A. (2005): Project Portfolio Management. A Practical Guide to Selecting Projects,
Managing Portfolios, and Maximizing Benefits. Jossey-Bass, San Francisco.
Liesiö J., Mild P., Salo A. (2007): Preference Programming for Robust Portfolio Modeling and Project Selection. “European Journal of Operational Research”, 181, pp.
1488-1505.
Liesiö J., Mild P., Salo A. (2008): Robust Portfolio Modeling with Incomplete Cost Information and Project Interdependencies. “European Journal of Operational Research”, 190, pp. 679-695.
Lin C., Hsieh P-J. (2004): A Fuzzy Decision Support System for Strategic Portfolio Management. “Decision Support Systems”, 38, pp. 383-398.
Lootsma F.A., Mensch T.C.A., Vos F.A. (1990): Multi-criteria Analysis and Budget
Reallocation in Long-term Research Planning. “European Journal of Operational
Research” 47, pp. 293-305.
Moselhi O., Deb B. (1993): Project Selection Considering Risk. “Construction Management and Economics” 11, pp. 45-52.
Nicholas J.M., Steyn H. (2008): Project Management for Business, Engineering, and
Technology; Principles and Practice. Elsevier, Oxford.
Nowak M. (2006): INSDECM – An Interactive Procedure for Stochastic Multicriteria Decision Problems. “European Journal of Operational Research”, 175, pp. 1413-1430.
Nowak M. (2008): Interactive Multicriteria Decision Aiding Under Risk. Methods and
Applications. Publisher of the University of Economics, Katowice (in Polish).
Roy B. (1985): Méthodologie multicritère d'aide à la décision. Economica, Paris.
Twardoch A. (2011): Project Portfolio Selection Using STEM-DPR and INSDECM
Methods (master thesis). University of Economics, Katowice (in Polish).
Wei C-C., Chang H-W. (2011): A New Approach for Selecting Portfolio of New Product
Development Projects. “Expert Systems with Applications”, 38, pp. 429-434.
Wong E.T.T., Norman G., Flanagan R. (2000): A Fuzzy Stochastic Technique for Project
Selection. “Construction Management and Economics” 18, pp. 407-414.

63

