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Abstract

The paper reviews the state of art in project success evaluation, especially
with respect to R&D projects, with emphasis on the ambiguity of such
evaluation, its strong dependence on the con-text and on the evaluator. We
also recall basic information about fuzzy numbers and propose the concept of
fuzzy rules which are used in the suggested procedure of R&D project
evaluation. The procedure is described and illustrated by means of a real-
-world case study.
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1 Introduction

Project success is a notion which is not always unequivocal. It depends strongly
on the context and on the evaluator. This phenomenon is especially striking as
regards research and development projects. Is an archaeology project, which
revealed approximate chances of interesting excavations, successful or not? Or
a medical project, in which the medication investigated turned out to be
inefficient, but another substance was found which might be efficient, but this
can be checked only by conducting another project? Or a project which showed
that the assumed procedure is incorrect? Or another one, whose objectives were
not attained, but which opened prospects for many new research projects? Or
a project which was deemed as being exactly within budget and time, which led
to a required number of publications which, however, were written with the full
awareness on the part of the authors that the results presented in them are not
really valuable?
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The author’s experience as research and development project manager, as
well as the results of a research project (directed by the author) in which R&D
projects were examined, show that it is necessary to be very prudent when
evaluating R&D projects. First, a variety of criteria has to be used, many of
which would not be used in case of e.g. engineering or IT projects. Second, we
have to be aware that the evaluation of the success of an R&D project may differ
strongly depending on the evaluator and the context. Third, an important issue
are soft limits between evaluation grades: it is difficult to say definitely where
a research project ceases to be very successful and begins to be only successful.

The objective of this paper is thus to propose a procedure scheme for the
evaluation of R&D projects which take into account the issues listed above. The
proposed procedure will use the notion of fuzzy sets and fuzzy rules, which help
to model soft notions, ambiguity and subjectivity. The proposed procedure will
be illustrated with a real-world example.

The content of the consecutive sections is as follows: In section 2 the notion
of project success is discussed, for projects in general. In Section 3 this notion is
discussed in the context of R&D projects. In section 4 fuzzy sets and fuzzy rules
are briefly presented, using an example from the banking sector, as examples
from the field of R&D project evaluation are not available. In section 5 the
proposed evaluation scheme for R&D projects is described. The paper
terminates with conclusions.

2 Project success

Project success (to begin, we will consider any projects, not only R&D projects)
is defined in the literature in many different ways. Many authors suggest that
a project is successful if it meets the specification (scope), cost (budget) and
time (deadline). This is viewed as the most basic level of project success (Greer,
1999), although many authors (e.g. Cheng et al., 2012) use only time and budget
as project success measures. However, numerous authors (e.g. Ashley et al.,
1987; Baccarini 1999; Baker et al., 1988; Belassi and Tukel, 1996; Camilleri,
2011; Chan and Chan, 2004; Kerzner, 1992; Lim and Mohamed, 1999; Mir and
Pinnington, 2013; Pinto and Slevin, 1988; Raz et al., 2002; Thomsett, 2002;
Turner, 1994; Wateridge,1998; de Wit, 1988) expand this definition substantially,
introducing other project success measures (or, which for us will be
synonymous, success criteria).

First of all, the additions to the list of success criteria are a consequence of
the following, by now already accepted, opinion: “There have to be two groups
of project success measures: objective measures (such as time or cost) and
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subjective measures (such as the satisfaction of different project stakeholders)”
(Chan and Chan, 2004). Subjective measures are necessary, because the
perception of project success depends strongly on the assessor (e.g. Davis,
2014). On top of that, other contexts are taken into account, for example (Khan
et al., 2013, Freeman and Beale, 1992): organisational benefits, project
influence, future prospects gained thanks to the project, technical parameters of
the project product, personal development and business profits.

It has to be pointed out that some of the criteria mentioned above are in fact
sets or categories of several criteria. For example, the criterion “satisfaction of
the stakeholders” comprises individual criteria of several stakeholders’
satisfaction, and even this can be split into satisfaction with various aspects of the
project. Also, e.g., the criterion “organisational benefits” may incorporate various
benefits. So, and this is clearly shown by the literature, there exist a huge set of
different success criteria, which, for transparency reasons, are grouped in success
criteria categories. For example, Shenhar et al. (1997) propose a grouping of 13
success criteria in four categories: 1. achieving planned objectives, 2. benefits for
the customer, 3. commercial success, 4. future potential.

Some project success criteria are objective, some subjective. For the former
ones there exists a natural measurement scale, for the latter ones an evaluation
scale has to be elaborated. But independently of the subjectivity or objectivity of
the criterion there is always a subjectivity component due to the decision maker
as to the interpretation of the linguistic expressions such as “high” success,
“low” success, “full” success, “partial” success, etc. This depends in each case
on the individual decision, which in turn is a consequence of the situation of the
project in question and the preferences of various project stakeholders. In the
literature, various approaches are proposed. For example, Yourdon (1997) is of
the opinion that 50% “less” or “more” than planned in a negative direction (e.g.,
less profit more cost etc.) in any of project success parameters means a complete
failure (e.g. 50% less scope, more money, more time or less quality). Cheng,
Tsai and Sudjono (2012) propose a lower bound of 80%-90% in the achievement
of the quality and scope as the minimal requirement for a project to be
considered successful. Nahod et al. (2013) formulate the following proposal in
this respect (they consider time, budget, scope and customer satisfaction as the
aspects which constitute project success):

Table 1: Definition of project success in terms of time

Failure Almost failure Almost success Success
PAD>115%PPD 115%PPD >PAD>105%PPD 105%PPD >PAD>100%PPD PAD<100%PPD

(PAD = project actual duration; PPD = project planned duration)
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The definition of project success in terms of budget (i.e. failure, almost
failure, almost success and success) is defined analogously to Table 1.

Table 2: Definition of project success in terms of scope

Failure Almost failure Almost success Success
AS<80%PS 90%PS >AS>80%PS 100%PS >AS>90%PS AS>100%PS

(AS = actual scope; PS = planned scope)

The overall evaluation of the project outcome for the project manager should be
expressed linguistically: failure, almost failure, partial success and success, and these
expressions should be defined with respect to the selected evaluation scale. The
overall evaluation of the customer satisfaction with project results should also be
expressed linguistically: low, rather low, rather high and high, and these expressions
should also be defined with respect to the selected evaluation scale.

Another issue in project success evaluation is the method of aggregating the
various criteria adopted. In other words, should the various project success
aspects be synthesised into one measure, which would evaluate the overall
project success, by giving one number, expressing the degree to which the
project was successful, according to the suggestion of Sutton (2005) or Shashi et
al. (2014)? Or maybe should the different aspects remain separated? Several
authors do not synthesise the success measures in various project success aspects
(Cheng et al., 2012; Chow and Cao, 2008). We think that this approach is useful
for practical applications, but in the end each organisation or each decision
maker should find its or his/her own aggregated decision as to whether the
project in question was a success or not. However, this aggregation will strongly
depend on the decision maker. Each decision maker has preferences regarding
his/her projects, often enforced by the projects’ environment or the specific
situation in which they are realised. The different aspects (such as time, cost,
satisfaction of individual project stakeholders, etc.) are never all equally
important and their importance should be judged by the decision makers.

Another problem linked to the definition of project success is that projects
implemented in different areas have their own project success aspects and
groupings. Here we are dealing with R&D projects, which will be the subject of
the next section.

3 Success of research and development projects

R&D projects will be understood here as either research projects (i.e. projects
undertaken with the objective of acquiring or generating new knowledge) or
research and development projects (projects which use the existing knowledge in
order to create new products or processes (Klaus-Rosinska, 2019). Although the
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“classical” success measures (time, cost, scope) are or can be important
depending on the context (for example, time and cost criteria are important in
order to formally account for the project grant), the understanding of R&D
project success is much more nuanced, even more nuanced than it was described
in the previous section for projects in general.

On the basis of interviews with over 60 managers of R&D projects (a detailed
description of the survey and its basic results can be found in Klaus-Rosinska
2019 and Kuchta et al. 2017) we can formulate the thesis that the evaluation of
the success of R&D projects can be based on the following groups of criteria
(of course, these groups are arbitrary and each decision maker can formulate his
or her own proposal):

. Short-term research success,
. Long-term research success prospects,
. Short-term financial success,
. Long-term financial success prospects,

Short-term personal development success,

Long-term personal success prospects,

. Satisfaction of external (to the project team) stakeholders.

It has to be stressed that, according to the project managers interviewed,
a successful project does not have to be successful in all the above criteria
groups. For example, numerous interviewees share the opinion that the success
in one or two of the groups is sufficient, where these “one or two groups” can be
any of the above listed ones. This shows that the evaluation of the overall R&D
project success has to be very flexible and nuanced, based on the experts’
opinion and allowing for different views of different stakeholders (Davis, 2014).
Moreover, this shows that an aggregated, universal evaluation of the success of
a project might not always be desirable: each stakeholder can choose other
criteria groups for the project success evaluation.

We will use the notation {g}5_, for the criteria groups, where ¢ stands for the
number of criteria (for example, the groups A — G listed above). There are
dozens of criteria from these groups (e.g. Klaus-Rosinska, 2019; Elkadi, 2013;
Eilat et al., 2008; Revilla et al., 2003). Some of them are:

A. Short-term research success

Achievement of the planned research results,

Achievement of other than planned research results,

Demonstration that the selected research direction was incorrect,
Publications with good bibliometric parameters (one criterion per one
team member);
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B. Long-term research success prospects

a. Ideas for new research projects,

b. New cooperation possibilities,

c. Promising results in progress;

C. Short-term financial success

a. Satisfying remuneration for individual members of the project team,

b. Satisfying net cash flow for the organisation where the project was
implemented,

c. New patents developed;

D. Long-term financial success prospects

a. Prospects of patents,

b. Prospect of academia-industry cooperation;
E. Short-term personal development success

a. Satisfaction of the individual project team members with the improvement
of personal skills obtained thanks to the project (one criterion per one
team member),

b. Satisfaction of the senior researchers with the development of skills of the
junior researchers (one criterion per each couple senior researcher / junior
researcher working under his or her supervision);

F. Long-term personal development prospects

a. New cooperation possibilities (one criterion per each project team
member),

b. New ideas for unassisted research projects (one criterion per each junior
project team member);

G. Satisfaction of external (to the project team) stakeholders

a. Satisfaction of the financing institution,

b. Satisfaction of the institution(s) which implemented or were partners in
the project.

As for the notation of the elements of the criteria groups {g,}i=,, for each
s=1,...,t we will have g, = {G? :Vil, where wg is the number of elements of the
criteria group g.

It has to be stressed that all of the above criteria and criteria groups can be
satisfied fully, partially or not at all. In order to express this, in the next section
we introduce the notion of fuzzy sets.

4 Fuzzy sets and fuzzy rules

According to Zadeh (1965), we can define fuzzy sets to model human
understanding of various concepts. Fuzzy sets defined on the set of real numbers
are called fuzzy numbers. Many types of fuzzy numbers exist, but here we will
consider only two types: triangular and one-sided.
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Definition 1: A triangular fuzzy number 4 = (g, a, E) is a feature expressed by
means of the membership function u,:R — [0,1] such that u,(x) expresses the
degree (determined by an expert or a group of experts) to which x possesses this
feature and
Oforx <a

x—a A

e for xe(a, @)
pa(x) = Iforx=a (1)

a-x ~ =

— for xe(a, a)

Oforx =>a

Definition 2: One-sided fuzzy numbers (left-sided or right-sided) are triangular
fuzzy numbers such that
a. For a left-sided fuzzy number, a = —o0
b. For a right-sided fuzzy number, a = oo.

It is important to indicate for which values the membership function takes
positive values, that is, to define the support of fuzzy numbers:

Definition 3: The support of the triangular fuzzy number A = (g, a, E) is the
open interval (g, E), the support of the left-sided fuzzy number is the half-line
(00, @) and that of the right-sided fuzzy number is the half-line (a, ).

For example, in the banking sector (Korol, 2012) the experts of each bank

LE T4

can define their understanding of such terms as “very low”, “low”, “average”,
“high” and “very high” financial security, or “very low”, “low”, “average” ,
“high” and “very high” yearly income of the potential borrower. Financial
security is not easily measurable, so the experts would be asked to use
a predefined scale (e.g. from 0 to 5) to define the first five terms. The borrower’s
yearly income is measurable, so the scale for the last five items would
correspond directly to the income values. Figure 1 presents example definitions

of the terms, generated on the basis of expert opinions.
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Figure 1: Examples of fuzzy concepts

Source: Author’s own elaboration.

Figurel shows five examples of fuzzy numbers: three triangular, one left-sided
and one right-sided. They represent several possible features of financial security or
income (measured on the horizontal axis using units which must be predefined, such
as hundreds of thousands of dollars for the income or an arbitrary scale for financial
security). Each value of the income may have one of the six features fully, partially
to a certain degree or not at all. For instance, income 1.5 is not very high at all, not
high at all, it is medium to the degree 0.25, low to the degree 0.75 and also very low
to the degree 0.75 (according to the experts)

In general, there will be a set of concepts C = {C;}}-; (Figurel refers only to
one concept/notion, e.g. either financial security or income) that corresponds to
evaluation criteria (in the case of the evaluation of a bank and a potential
borrower we would have, for example, the following set C: {age, education,
income, type of employment, length of employment, value of the borrower
house}) (Korol, 2012). We will also have a set of features (for example, the set
F =(a)4 ),

M
{very small, small, medium, big, very big}) F = {FJ }j=1’

with each feature defined by the membership function uji- being either
a triangular or a one-sided fuzzy number, according to Definition 1. It is
important that for each I:"J the corresponding membership function u} can be
different for each element C; of C (i.e. the concept “big” can be defined in
a different way, for, e.g., income and financial security, it may have other units
on the horizontal axis and use a different membership function each time).
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Moreover, it is required that for each i = 1, ...,n and for each element x of
R* (in the general case the whole set of real numbers can be considered, but
here, because of the nature of applications discussed, only non-negative values
are taken into account) there exist at least one j, such that x belongs to the
support of /JL;:O. This assumption means that for each concept the decision maker

has covered all the possible values R* with the features: each x has at least one
feature from the set F to a positive degree. This condition is satisfied in Figure 1.

In this context it is possible to consider, for each x € R™, expressions similar
to those used in natural languages, for example “Concept C; is FJ ” for a certain
i,,i=1,..,nandj, j=1,..,k;, or —to take a more specific example of the
bank — “Income is high”.

However, a procedure to generate such sentences in an unambiguous way
should be designed, because, as we can see e.g. in Figure 1, a concept may have
various features to various degrees. The proposed procedure is as follows: we
is 13} if
maxj—q, u yj.o(x)=uj.‘;(x). If more than one j, with this property exist, the

will say that, by definition, for x € R*, concept C;
decision maker will be asked to choose one of them. Thanks to these
assumptions, ,u;-z(x) selected in this way will always be positive and

unambiguous, thus the statement “Concept C; is Fjo ” will always be to a certain

degree justified and also unequivocal. Using the example given in Figure 1, the
income 1.5 will be described as low or very low — this ambiguity will have to be
resolved by an expert.

An additional assumption is that the features F = {I:"j } ., are ordered in the

M
j=1 ~
sense that either for each i the decision maker prefers C; to be F;,; than to be F;

for j=1,..M-1 or he or she prefers C; to be F'j_l than to be 13] for j=0,..M) and

that the corresponding membership functions are defined correctly. In the case of
Figurel the order follows clearly from the meaning of the concepts used as
examples (financial security or yearly income) and the membership functions are
“defined correctly” in the sense that for a fixed i, the values g}, j=1,..n (and
analogously the other parameters defining the membership functions, i.e.
EL}, j=1,..nand E}, j =1, ...n) defining the membership functions of F] for C;
are ordered in the sense of the usual ordering of real numbers.
Having defined fuzzy features, we can define fuzzy rules.
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Definition 4 (author’s own definition): A fuzzy rule R is a statement of the
following form:
“If for each j=1,...,m, for at least S]R elements i from the set {1,...,n} the

statement ‘Concept C; is F; or more’ is true, and for no more than th elements i

from the set {1, ...,n} the statement ‘Concept C; is F'] or less’ is true, then take
a specific decision” (implicitly: if any of the elements of the selected set is false,
do not take any decision yet). The words “or more” and “or less” refer to the

_ M
assumed order of {F} }j= .

Let us present an example of a fuzzy rule from the banking sector, which
might be used by commercial banks to make decisions about the credit risk of
a potential borrower:

Example 1: Let us assume that three criteria are taken into account by the bank:
the potential borrower’s income, his/her financial security and the interest rate of
the credit. Each of the criteria may be very low, low, medium high and very
high. Then we might have the following decision rule: “If at least two criteria are
medium or more and at least one criterion is high or more and no more than two
criteria are low or less, then set the credit risk to low”.

In the next section fuzzy numbers and fuzzy rules will be applied to the
evaluation of research and development projects.

S The proposed approach to R&D project success evaluation

In our opinion, it is important to facilitate the evaluation of R&D project success
through grouping of the many possible evaluation criteria (presented in Section
3) into homogenous groups (for example, those presented in Section 3) and
performing a separate evaluation of project success in each group. An optional
aggregation will be performed later as a second step.

Hence, we consider ¢ homogenous groups of R&D success evaluation criteria
{gs}izyi. For each r = 1,..,wg we have g¢ = {GS},5, . We assume that, for
each s =1, ...,t, g; can be fully identified (i.e. all the assumptions are stated)
with C from the previous section. We will use the following procedure (for
a selected R&D project £):

I. SET s:=1;
. SETC:= g,
Il For each G, 1,..,ws find out for which Fs the sentence "G? is Fjs”

(ji=1,...,M) is true according to the procedure described in the previous section;
IV. 1IF s=t THEN STOP, OTHERWISE SET s:=s+17 and GO TO step II.
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The outcome of this procedure is a set of statements of the form “For project
PGS is F}; ", for each s = 1, ..., t and for each criterion {GZ},.5, .

As the next step consider, for each s, the criteria group g, and the
corresponding values Fjﬁ and ask the experts which rules should be applied to

obtain an aggregated evaluation of the fulfilment of the criteria from gg. The

- M
same features F = {F] }j_
here, for example made specific for this case as follows:

, can be used here. Fuzzy rules should be applied

Rule R: “If for each j=1,...,m for at least SJR elements » from the set

{1, ...,ws} the statement ‘GS is ﬁ] or more’ is true and for no more than t]R

elements r from the set {1, ..., w,} the statement ‘G; is F; or less’ is true then

perform a certain action” (implicitly: if any of the elements of the selected set is
false, do nothing). The words “or more” and “or less” refer to the assumed order
of )

The consistency of the rules should be verified by the experts, and metarules
deciding which rule to apply if the rules lead to different conclusions should be
formulated.

In this step the project  will have been evaluated in the homogenous criteria
groups g, S = 1, ..., t. The decision maker may stop here and not perform any
further aggregation or he or she may decide to use fuzzy rules again in order to
obtain an aggregated evaluation of the success of the project.

The proposed approach allows to aggregate evaluations of individual criteria
from a homogenous groups into one evaluation for the group (and possibly later
into an aggregated evaluation of the whole project success) in a simple (not
requiring any complicated mathematical formulae and using expressions similar
to those used in natural languages) and flexible form, in which a low satisfaction
on some criteria will be compensated by a better behaviour on other criteria.

To sum up, we propose to evaluate the success of R&D projects on the basic
of the following criteria tree, applied to each project:

M
j=1
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Figure 2: General scheme of R&D project evaluation

Source: Author’s own elaboration.

6

The proposed approach will be illustrated by a case study.

Case study of an R&D project

The project entitled “Elaboration of a costing system for university X”, of two-
year duration, was funded by the Polish Centre of Research and Development. It
was implemented in 2011-2012. It was managed by the present author. The
objective of the project was to:

Analyse the costing system used at university X at that time,
Analyse managerial information provided by the existing system,
Identify unsatisfied needs for managerial information,

Identify necessary (existing and missing) sources of entry data for the system
Elaborate a trial version of the system,

Implement the system in two selected faculties of the university,
Elaborate general indications for costing systems at universities.
Various factors contributed to the fact that most of the above objectives were
satisfied only partially, to a low or even to a very low degree. Some of these
factors were: concern about changes and additional work load among university
administration employees, concern about revealing current financial procedures
and information, disorder in the data at the university and low progress of data
digitalisation. However, this project was considered by the team as a partial
success, because other important objectives have been achieved:
o Identification of new research subjects,

e Identification of new opportunities for research cooperation,
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e The project contributed to the achievement of PhD and ScD degrees,
e Building a well integrated research team,
e Satisfactory financial inflows for the project team members.

The decision makers of the university itself were not interested in the project
at that time (mainly because of lack of time and because of numerous other
challenges) and thus were rather indifferent as to its outcome. On the other hand,
another, smaller university was selected as a partial substitute, where the above
objectives were achieved to a higher degree. The financing institution accepted
the results thanks to the continuous flow of information they were obtaining
about the problems encountered in the project realisation and the introduction of
a substitute university.

Thus, if we refer to the groups of success criteria described in section 3, we
can say that the individual success criteria listed in section 3 were achieved to
the degree given in Table 1. The evaluation in the last column was calculated
using fuzzy rules, whose examples are given below in Table 3.

Table 3: Evaluation of the case study project

Overall
Criteria evaluation of
A b c d
group success in the
criteria group
A low medium irrelevant low low
B very high very high high - very high
C very high medium irrelevant - high
D irrelevant high - - high
E very high very high - - very high
F high very high - - high
G medium medium - - medium

Source: Author’s own elaboration.

The following fuzzy rules were used here (among others):

For the criteria group A:

e If at least two of the criteria are high or more and no more than two criteria
are low or less, the success in the whole group is high (this rule led to no
conclusion in this case);

e If at least two criteria are low or less and at least one is medium or less, the
success of the whole group is low.

For the criteria group B:

e [f at least three of the criteria are very high or more and at least one criterion
is high or more and no more than one criterion is medium or less, the success
in the whole group is very high.
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Similar rules were used for the other criteria groups. In the last step, the
following rule was used to evaluate the success for the whole project:

e If at least two of the criteria are very high or more and at least one criterion is
high or more and no more than three criteria are medium or less, the success
of the project is high.

Thus, the experts, using their own rules, were able to judge the project
success in a flexible way, expressing their opinion that the overall success of the
project is high, even though the main research objectives were not achieved.
Another expert group might have been of a different opinion. But it seems that in
the case of research projects it is especially important to be flexible in their
evaluation, because the understanding of their success is often ambiguous.

7 Conclusions

The paper proposes a flexible, easy to follow procedure for the assessment of R&D
projects, which can be used for other project types as well. The procedure is based
on expert opinion. The experts have to formulate rules which use language similar to
natural languages. The other basis of our method are evaluation criteria of project
success, which should be of various nature. This paper proposes a set of such criteria
and refers to the literature where many more criteria can be found.

Setting criteria and rules is essential for the method to work. The method has
to be constructed in detail and carefully tested in each specific context: in each
organisation or group implementing R&D projects, possibly also in institutions
funding such projects. This is because in the final analysis the success of
a project has to be judged with respect to the strategy of individual institutions
and groups. Thus the proposal formulated here should be regarded as a first step
towards a complete and flexible system of evaluation of R&D project success.

The main method of further research should consist of case studies with
active participation of various experts. In this paper we have discussed one case
study, in which the role of experts was taken by the project manager and the
project team. Undoubtedly, more exhaustive case studies are needed.
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