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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” organiza-
tions. Although the recognition of the project management role is higher and
higher, it is evident that the wastage of resources resulting from improper selec-
tion of projects and their improper formulation is immense. Together, these two
factors limit the growth potential of the organization and undermine its competi-
tive 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 bey-
ond the project management, as it spans the path from the organization’s vision,
through project management, to the reaization of the benefits (Levine, 2005).
The selection of the right projects at the right timeis crucial for successive PPM.

It is commonly assumed that for each project a single objective should be
defined. This overall goa should be specified as clearly as possible, since the
shortcomings in project definition are among the main reasons of project’s fia-
sco. The clarity and unambiguity in defining the goal, which is an advantage for
asingle project, becomes a burden when the entire portfolio of projectsis analy-
zed. Both researchers and practitioners agree that multiple goals should be con-
sidered when portfolio is constructed. This follows from the fact that the organi-
zation’ 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 textbo-
oks 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 usualy alarge 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 begin-
ning of the procedure. However, preference information can aso 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 appli-
cation. The procedure combines computer simulation, analysis of experts as-
sessments 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 engi-
neering 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 Manage-
ment. 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 rela-
ted works is provided. Then the problem is defined and general idea of the pro-
cedure is discussed. Finally a practical application of the proposed technique is
presented. The last section is aconclusion.

1. Related work

Project portfolio management is more and more popular both within resear-
chers, 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 appro-
aches to the project portfolio construction problem. In popular textbooks on
project management, and other publications addressed to project managers sim-
ple techniques based on financial models and multiple criteria scoring are propo-
sed (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 portfo-
lio 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 a.
(2006) propose to use ant colony meta-heuristic for identifying Pareto-optimal
portfolios. In Liesid 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 crite-
ria. In this case, the main problem is to estimate the utility function. Multi-
attribute utility analysis is used, for example, by Moselhi and Deb (1993), who

51



MACIE] NOWAK, TADEUSZ TRZASKALIK, ALEKSANDRA TWARDOCH

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 cir-
cumgtances of certainty, athough techniques devised for the case of risk are aso
proposed. The INSDECM (Nowak, 2006; 2008), combines interactive approach and
risk analysis based on stochastic dominance and mean-risk anayss.

2. The problem and the methodology

Projects are the major tool for implementing and achieving the strategic go-
as of the organization (Gray, Larson, 2008). The company that selects right
projects and implements them efficiently is able to achieve a competitive advan-
tage. The question is; what does it mean “right projects’? First, projects should
contribute to stakeholder value creation. Thus, financial analysis is crucia for
project evaluation. However, financia return, while important, does not aways
reflect strategic importance. Often companies have to choose between potential-
ly 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,

— tomakeit difficult for competitorsto 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 manage-
ment needs multiple criteria models. It should be noticed that usualy it is not
easy to evaluate how much a project contributes in supporting the achievement
strategic goals, since criteria are often intangible. As aresult 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 ma-
king problem, for which we define:
1. A finite set of decision aternatives:

Az{a]_, a, ... ,am}
2. A finite set of criteria:
Fz{fl,fg, ,fn}

3. A set of evaluations of aternatives with respect to criteria:

'fl(al) - fa) fn(al)'

L fl(am) fk(a‘m) fn(am)_

In our problem the set of aternatives 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), interna rate of return (IRR), profitability index (Pl), payback pe-
riod (PP) are the financial criteria that are used most often. They require predic-
tion 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 descri-
bing 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 estima:
te duration of each project.

Non-financia criteria are in general of qualitative nature. In order to evalu-
ate them we need arating 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 out-
put. However, sometimes it is convenient to use a multidimensiona scale. Such
approach is used for example in risk analysis. In Failure Mode and Effects Ana-
lysis (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 aso 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 eva-
luate 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 de-
scribed 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 compl ete,
consistent, and non-redundant. The first requirements means that al important
aspects of the problem are covered. The set of criteriais consistent if local rela
tions between aternatives (with respect to each criterion individually) are consi-
stent with global relations (with respect to the general objective). Finally, non-
redundancy means that removal of any criterion causes the violation of at least
one or previous requirements. It's obvious that for any decision problem multi-
ple sets of criteria satisfying the above conditions can be proposed. The final
choice is gresatly 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 alows consideration of various risks.
For example, when a construction or manufacturing project is analyzed, uncerta-
inties related to availability of resources, market prices, or demand can be consi-
dered. 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 ele-
ments 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 availa
ble and an appropriate distribution has to be selected according to the decision
maker’s judgment. Once the ssimulation model is built, verified, and validated, it
can be used for generating probability distributions of output variables.

Asto 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 acco-
unt various risk factors, as well as the possibility to achieve additiona benefits
from projects. These leads to a series of evaluations which is transferred to pro-
bability 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 IN-
SDECM (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
away in which this information should be presented to the decision maker. IN-
SDECM 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 usualy not familiar with sophistica-
ted statistical analysis, smplest characteristics are used most often (mean, pro-
bability 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 dternatives is presented
to him (or her) to make the fina 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 digtribution characteristic analyzed for this criterion. Next, the set of
alternatives satisfying this congraint isidentified 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 pro-
ject 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 metho-
dology. This approach makes it possible to compare new proposals with previo-
usly 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 construc-
ted 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 informa-
tion about available resources 14 potential portfolios wereidentified (Table 1).

Tablel
The set of analyze portfolios
Portfolio Projects

Portfolio 1 4 8

Portfolio 2 1 2 5 6

Portfolio 3 1 2 3 5

Portfolio 4 1 3 4 5 7 9
Portfolio 5 1 4 5 6 7 9
Portfolio 6 5 8

Portfolio 7 2 9

" Theresults presented in his section are partly based on the resilts presented in Twardoch (2011).
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contd. table 1
Portfolio 8 1 2 5 7
Portfolio 9 3 4 5 6 7 9
Portfolio 10 2 3 5 7
Portfolio 11 2 4 5 6
Portfolio 12 2 3 4 7
Portfolio 13 2 3 4 6
Portfolio 14 1 3 4 5 6 9

The general objective was to identify the portfolio maximizing the profit,
minimizing the workload (measured in hours), was the least risky and guarante-
ed the highest potential for future benefits. Thus, following criteria were consi-
dered: the total profit of all projects, the total time required for completing al pro-
jects, risk associated with the co-operator, risk of customer, interna risk, benefits —
project’ s impact on business operations. It was aso 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 ac-
count discounting rate. The set of criteriais presented in Table 2.

Table2
The set of criteria
Criterion Description Type
f total profit quantitative
f, total completion time quantitative
fa risk associated with co-operator qualitative
f4 risk of customer qualitative
fs internal risk qualitative
fs total impact on business operations 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 va-
riability 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)
Portfolio 1 483.9 333.6
Portfolio 2 472.3 414.3
Portfolio 3 485.3 428.1
Portfolio 4 495.0 515.6
Portfolio 5 482.0 501.8
Portfolio 6 488.8 345.4
Portfolio 7 473.8 297.2
Portfolio 8 483.7 4195
Portfolio 9 490.3 510.5
Portfolio 10 491.9 428.2
Portfolio 11 435.3 406.2
Portfolio 12 487.1 416.7
Portfolio 13 475.8 411.5
Portfolio 14 483.7 510.3

Table4
Risk Severity Matrix

Impact

(large) 5

4

3

2

(small) 1

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Probability

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 f; (risk associated
with co-operator) in the following way: impact = 3, probability = 0.5. As are-
sult, the risk value was calculated in the following way:

Risk value = (3 x 2) x (0.5x 10) =30
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The same technique was used to evaluate projects with respect to criterion
fs. However, in this case the impact was assumed to be positive. The results are
presented in Table 5.

Table5
Evaluations of projects by experts
Expert Project
1 | 2 | 3| 4 | 5 | 6 [ 7 | 8 | 9
f3 — risk associated with co-operator
1 30 8 4 72 8 16 64 12 4
2 16 12 8 8 18 2 18 30 18
3 36 36 80 30 30 30 12 6 80
f4 —risk of customer
1 16 12 4 64 4 100 64 24 12
2 4 8 30 4 12 30 8 10 4
3 12 12 12 70 70 30 8 8 80
fs —internal risk
1 48 12 12 64 12 36 42 24 12
2 8 12 12 12 4 12 30 20 12
3 8 8 8 18 8 8 8 8 18
fs — total impact on business operations

1 72 36 24 8 42 24 8 24 30
2 30 438 56 28 64 438 42 24 64
3 60 60 72 70 42 56 32 16 100

Evaluation of the portfolio with respect to qualitative criterion was calcula-
ted 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 f; — 42
(average of 72 and 12), for criterion f, — 44 (average of 64 and 24), for criterion fs —
44 (average of 64 and 24), and for criterion fg — 16 (average of 8 and 24). For each
portfolio and for each qudlitative 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 presen-
ted. His answer was as follows:

— criterion f;; mean and probability of reaching value 485 thousands PLN,

— criterion f,; mean,

— criterion fs: the highest risk evaluation (from assessments provided by three
experts),
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— criterion f,: the highest risk evaluation (from assessments provided by three
experts),

— criterion fs: the highest risk evaluation (from assessments provided by three
experts),

— criterion fg: 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 f; and fs are maximized, while others are minimized. Thus, optimistic
values for criteria f; and fs are the highest values attainable within the whole set of
feasible solutions, and pessimistic are the lowest ones. For other criteriathe situation
isopposite: optimigtic value isthe lowest, and pessimigtic isthe highest.

Table 6
Information presented to the decision maker in iteration no. 1
criterion f1 fo fa fa fs fs
characteristic mean P{f1(a;) > 485} mean max max max min
pessimistic 435.4 0.00 5156 | 580 | 460 | 800 | 160
value
optimistic value 495.0 0.87 297.2 24.0 255 43.0 435

After reviewing the information, the manager said that the pessmistic 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{f.(a) > 485} > 0.5

The numbers of portfolios satisfying this congtraint are asfollows: 1, 3, 4, 5, 6,
8,9, 10, 12, 14. Thus, portfoliosno. 2, 7, 11, and 13 were no longer considered.

In the next iteration the manager focused on criterion f,. 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 construc-
ted and presented to the manager (Table 7).

Table7
Information presented to the decision maker in iteration no. 2
criterion fi 7 fa fa fs fe
characteristic mean | mean P{f,(a) < 430} max max max min
pessimistic value | 482.0 515.6 0.00 47.7 457 66.7 16.0
optimistic value | 495.0 333.6 1.00 24.0 255 43.0 43.5
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It is not difficult to state that only for criterion f, optimistic value was wor-
sened. For other criteria optimistic values were the same as in iteration 1. On the
other hand, pessimistic values were improved for all criteria except f, and fs. 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 consi-
der 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{f,(a;) < 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 pre-
sented initeration 3islisted in Table 8.

Table 8
Information presented to the decision maker in iteration no. 3
criterion fi fo fa fa fs f
characteristic mean mean max max max min
pessimistic value 483.7 428.2 455 44.0 58.5 16.0
optimistic value 491.9 333.6 24.0 255 43.0 435

The constraint that was defined by the manager in this phase was. for crite-
rion f; the risk value should not exceed 40. As a result two portfolios were exc-
luded: 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.

Table9
Portfolios proposed to the decision maker at the end of the procedure
criterion fi fo fa fa fs f
characteristic mean mean max max max min
Portfolio_6 488.8 345.4 24.0 39.0 44.0 29.0
Portfolio_8 483.7 419.5 285 255 48.5 39.5
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Conclusions

The procedure presented here was implemented in a real-world environ-
ment. Although, it was not easy to explain the idea of our approach to the mana-
ger, 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 requ-
irements for the procedure. First, the manager pointed out, that the project port-
folio 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
aways is efficient, as decisions on executing large projects may preclude im-
plementing 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 regquirements formulated by the manager. We want to use dy-
namic programming approach that allows taking into account the dynamic natu-
re of the project portfolio construction process.
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