Periodica Polytechnica
Social and Management
Sciences

23(2), pp. 84-97, 2015
DOI: 10.3311/PPso.7676
Creative Commons Attribution ®

Proposal

RESEARCH ARTICLE

Abstract

The paper suggests an analysis of data concerning 306 edu-
cational project proposals submitted for European funding
in 2013. Several fundamental questions regarding the role of
the evaluation for achieving European ideas and goals when
financing projects in education area are posed and answers
have been provided. The hypothesis that the actual assessment
confirms the objectives of the EU is discussed against the alter-
native that this assessment changes the focus of EU funding.
Another natural question that finds an answer in the present
work is “How to plan the preparation of the project proposal
with a view to optimize its effectiveness and the expected
results?” The data is analysed by the methods of histogram
analysis, principal component analysis,cross-covariance, cor-
relation and variation analysis, Hilbert's transform, as well as
graph’s theory techniques.
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1 Introduction

The utilization of European funds and the participation in
international projects is a trivial topic that always comes on the
agenda when we talk about European financing. The present
study is based on the analysis of project proposals that are sub-
mitted for funding by one of the EU educational programs. This
analysis broadens our view not only on the utilization of EU
structural funds, but also on our participation in large interna-
tional projects where educational organizations directly apply
for the funding of their ideas.

The present study aims to reconstruct the relationship
between the evaluation criteria of the already assessed pro-
jects and thus to show the real objectives that are achieved
through the funding of European educational programs, objec-
tives that might differ from those written down in the European
papers. The aim of this study is sufficiently important by its
own because on the one hand, the research methodology can
be used in other areas of EU financing, and on the other, it pro-
vides a method of feedback and adjustment of the assessment.
In reality, by post-monitoring of the evaluation results within a
certain period one can receive a feedback and can make appro-
priate conclusions and corrections to the methods and actions
for monitoring and evaluation. The study achieves other pur-
poses as well — for example, another important outcome from
the present research is the knowledge of the mechanisms of
connectivity between the different quality assessment criteria,
which enables us to create an architectural model of a project
proposal that may enhance its competitiveness and efficiency.

2 Literature review

The current topic has not been studied comprehensively in
the literature although the research on project success and fail-
ure factors has a long history up to now. The first classification
of the success factors was made by Dvir et al. (1998). Most of
the scientific articles investigate the project success factors in
the area of project management. One of the first model inves-
tigations was done by Nabitz (2000). Some of the identified
factors for project success are linked to predictability: cost
and time, project and operations management methods, etc.
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(Cooke-Davies, 2002). Similar studies have been performed in
order to identify specific success factors regarding EU funded
projects in CEE (Alexandrova and Ivanova, 2013).

The opposite problem — concerning the factors of project
failure — was discussed by Shenhar et al. (2002). Papadaki et
al. (2014) investigate factors that contribute positively to the
improvement of the effectiveness of project risk management.
The study of success/failure factors in project risk management
provides further insights into the value-creating processes of
projects. In this sense, the approach for project monitoring and
control based on earned value management concept suggests a
transfer of different technical dimensions of risks into a general
cost evaluation framework (Sebestyén and Toth, 2014).

A number of studies were dedicated to Project Excellence
Model (e.g. Westerveld, 2003) dealing with result areas consid-
ering project success criteria and organizational areas covering
critical success factors, but all of them are oriented towards
investigation of the project management factors for success.
The importance of project critical success factors across the
project life cycle was also investigated which provided answers
to various questions related to project management success
(Pinto and Prescott, 2012).

There is no doubt that effective management plays a cru-
cial role for project success. However, the circumstances have
changed, and nowadays EU employed a preliminary evaluation
of the project quality, as well as project management in order
to finance or not a particular project proposal. Our motivation
behind the present research is that the success of a project pro-
posal cannot be perceived in advance before the final positive
decision for its funding. The research is based on the above
mentioned sources although it tackles the problems in a dif-
ferent conditional space applying a more deterministic, predic-
tive, and reconstructive approach (Kalitzin et al., 2011). In gen-
eral, the present article is oriented towards identification of the
importance of the project design stages for the project success
prior to the submission for EU funding. Moreover, during these
stages the general project management framework for moni-
toring and evaluation should be implemented which provides
opportunities for predicting success of the project proposal.

3 Description of data

The present study is based on 306 project proposals that
have been submitted in the 2013 selection year and have passed
an eligibility check. The collected data covers a sufficient
diversity of cases to be considered as are liable sample. For
each project proposal the following data are known: the results
from the ex-ante qualitative evaluation of the project proposal
containing assessment in following qualitative criteria - “Rel-
evance”, “Quality of the Work Programme”, “Innovation”,
“Quality of the Consortium”, “European Added Value”, “Cost-

CEINY3

benefit Ratio”, “Impact”, “Quality of the Valorisation Plan”

and the “Participation of third countries” (where applicable).

All projects that have passed the eligibility check are
assessed for their quality. The quality assessment is imple-
mented according to quality criteria listed in Table 1. Taking
into consideration the approved five-point scale, every criterion
is evaluated from 1 to 5.

The presented database of 306 project proposals that have
passed the administrative capacity assessment is divided into
two groups according to the overall consolidated qualitative
assessment: good projects (projects with a score of 25 points or
higher), i.e. those who are in the second half of the rating scale,
and weak projects (projects whose consolidated qualitative
assessment is up to 24.5 points), i.e. projects that fall into the
first half of the scale. Of course,that division is used for illustra-
tion purposes only, as in the present study we are interested in
all project proposals, not only of the “good” ones. The point is
to reconstruct the relationships between the quality indicators
for evaluation, i.e. not only how the higher score on one indica-
tor determines the high score in another, but also how the low
score on a corresponding indicator entail slow scores on the
related indicators.

Table 1 Description of the quality criteria

Ne, Criterion (EN) Abbreviations
1 Relevance REL
2 Quality of the Work Programme WPQ
3 Innovative Character INN
4 Quality of the Consortium T™Q
5 European Added Value ADV
6 Cost-benefit Ratio BVM
7 Impact IMP
8 Quality of the Valorisation Plan VAL

The data is analysed by the methods of histogram analysis,
principle components analysis /PCA/, cross-covariance, cor-
relation and variation analysis, Hilbert’s transform, as well
as various other techniques and methods from the theory of
graphs. These methodological tools have been applied using
system functions of the Matlab® package (Mathworks Inc.,
Natic, MA: USA; release 7.13, 2011b) as well as custom func-
tions developed in Matlab® environment. On the basis of data
analysis relevant conclusions have been made in the studied
directions and further guidelines for this research are discussed.

4 Histogram and space analysis

Firstly, we present graphically the qualitative assessments of
the 306 project proposals on the eight different criteria. Table
1 contains the listed abbreviations of the criteria that are dis-
played on the following figures.

If we arrange the projects in ascending order according to
the total score and derive the distribution of the individual
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Fig. 1 AHistogram of the assessments

scores by various criteria, we will obtain the histogram shown
in Fig. 1. The X-axis shows the different qualitative evaluations
which project proposals have received, and the ordinate shows
the number of projects that were qualitatively assessed. The
individual criteria are colour coded.

The diagram reflects the expected results (Cressie, 1993).
The number of projects that have assessments 4.5 and 5 on the
different indicators is very low, as well as the number of pro-
posals scoring less than 1.5 on the eight criteria is insignificant.
Amongst those proposals evaluated by a low score the larg-
est number are the projects having a score of 2, which is just
below the“quality threshold”. A significant number of project
proposals have obtained a score of 3, which is the lowest score
sufficient for funding according to certain criteria.

What is striking in the histogram analysis of the assessments
(Fig. 1) is that the values for some pairs of different indicators
are very similar to each other. This leads to the hypothesis that
they might be correlated. Such correlation cannot be concluded
out of the histogram similarity alone. In order to search for evi-
dence regarding our hypothesis several data analysis techniques
were applied accordingly, including PCA, cross-covariance and
cross-correlation analysis with auto-correlation corrections.

Let’s suppose there is a certain correlation between the
assessments which the proposals have received on indicator 2
(Quality of the Work Program) and on indicator 6 (the Cost-
benefit Ratio). This can be explained from a management point
of view in a way that if a project cannot properly structure its
work program, it is natural that its weaknesses in this respect
reflect first on the budget and next on the cost-benefit ratio.
The second pair of quality indicators— which impresses with its

connectedness — is the quality indicator 3 (Innovative Charac-
ter) and indicator 7 (Impact). The link between the two quality
criteria is quite simple—if the project has not offered signifi-
cant innovation development, it could not justify the degree of
impact that would take effect on the target group.

The quality of a project also may depend on the connec-
tion that could be hypothesised (similarly to the two previ-
ously mentioned pairs of indicators)between the quality indica-
tor 4 (Quality of the Consortium) and the quality indicator 5
(European Added Value). In a previous work (Staneva et al.,
2014) we have already investigated the connection that exists
between the geographical distribution of the different countries
from the consortium and the expected European Added Value.
Naturally, a consortium with broad geographical coverage
involving countries from different European regional areas will
be assessed relatively higher and can clearly show the desired
level of European value added. Therefore, a key feature for
the success of a project proposal is finding the right balance
between the pairs of qualitative criteria by establishing a level
of connectivity and their mutual dependence.

Next, we consider all project proposals arranged according
to their consolidated overall assessment. The interesting thing
in the 3-Dgraph (Fig. 2) is that the groups of projects according
to the obtained assessment scores are very clearly separable. If
we draw an imaginary line on the critical level of 2.5 points, we
can immediately identify the group of projects that participate
in the rankings. At the same time,we could find out that the
project proposals which do not participate in the rankings (due
to low scores on certain criteria) have enviably high scores on
the others. This leads us to the hypothesis that the actual reason
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Fig. 2 3-D representation of projects according to the received assessments.

projects

(The project proposals are arranged on the abscissa, the criteria for quality assessment — on the ordinate and the obtained project assessments according to each

of the quality criteria — on the applicate and a colour coding of the assessments is provided)

Principal Component Analysis - Data transformation to the new axes
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Fig. 3 Application of PCA.

(The bluepoints represent the existing data, the red points represent the data after the application of PCA,and the black lines represent the first two principal

components according to which the transformation is made)
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Fig. 4 Separability of the data

for not allowing many projects to get a ranking is the imbalance
of these project proposals or the omission of a key element (i.e.
factor for success).The third group of project proposals that are
obviously weak is clearly visible,since their quality assessment
does not exceed a score of 3 in any of the indicators. The good
sign about the quality of the submitted project proposals is the
relatively lower number of proposals in the third group.

5 Principal component analysis

A detailed research based on data analysis about these pro-
posals is hindered by the low separability of quality evaluation
criteria. To increase the degree of separability between the dif-
ferent criteria the method of PCA is used. The main idea is that if
there is a correlation between the different variable dimensions
so that part of the data is redundant. PCA transforms the data in a
way that the largest possible variation will be “squeezed” in the
least possible dimensions. Thus,we are compressing the data by
ignoring some small variations (Brandimarte, 2006). The meth-
odology of the study is implemented through the following con-
sequent steps: the covariance matrix for all the criteria variables
is calculated; the eigenvectors and eigenvalues of the covariance
matrix are determined;the data is transformed using the first two
eigenvectors (Fig. 3) since the magnitudes of the rest eigenval-
ues are very close to zero, or even negative (i.e. the correspond-
ing eigenvectors are not presenting significant data dimensions).

This way the first objective is achieved, i.e. the data is now
low-dimensional and on Fig. 4 the achievement of the second
main objective is illustrated as well, namely the increasing of

these parability of the data. The figure consists of four plots. On
the top right the distribution of the original data is shown and at
the bottom left the data about the covariance matrix is presented
where the horizontal axis represents the projects, and vertical
axes— the received assessment scores. Each vertical line (project
proposal) contains eight different colour points corresponding to
the assessment scores obtained by each of the quality criteria.
Compliance with color-coding is given in the legend and is com-
mon for both graphs. The two left graphs of the figure (above
and below) present the results of the statistical analysis of sepa-
rability between the different criteria in the original data as well
as in the data after applying the PCA. In the two “box-plots”
(top and bottom right) the abscissa represents the criteria and
the ordinate respectively the values of the received assessment
scores. The blue rectangles represent the statistical distribution
of the criteria’s values. In each rectangle the central red marker
is the average assessed score, the edges of the rectangle are the
25th and 75th percentiles, whiskers are extended to the most
extreme points without substantial differences in the values, and
any larger differences are mapped separately by red pluses.

In the two “box-plots” on right column (top and bottom, Fig.
4) the differences between the evaluation criteria are shown
without making any assumptions about their basic statistical
distribution, i.e. they are non-parametric,indicate the degree of
dispersion and skewness in the data (Brandimarte, 2006), and
identify the extreme values.

The presented statistical analysis on Fig. 4 (lower right plot)
clearly shows five groups of factors (separated horizontally)
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that need to be addressed separately and thoroughly while pre-
paring a project proposal. More than one factor in some of the
groups means that the corresponding themes need to be simul-
taneously addressed in their close interrelations and mutual
dependencies. Our hypothesis is that project proposal develop-
ers could use the average value for each factor (evaluation cri-
teria shown on Fig. 4) as a quantitative indicator for measuring
the degree of its importance. The greater average value for a
specific criterion means higher weight of the theme associated
with it. In this case, the order of the factors changes as follows:

1. “Relevance”;

2. “European added value”;

3. “Quality of the work program” and “Cost-benefit analysis”;

4

LRI

. “Innovative character”, “Quality of the consortium” and
“Impact”;

5. “Quality of the valorization plan”.

The present findings cannot be considered completely accu-
rate as they are based on the importance of the criteria in the
evaluation system, but not on the relationship between the cri-
teria, yet to be considered. The relationships between the evalu-
ation criteria can assist the tests of formulated hypotheses. An
analytical hypothesis requires top-down order of examination,
i.e. first to clarify the issues about the most important criteria
for the final assessment, while a synthetic hypothesis requires a
reverse order, i.e. through the gradual clarification of the issues
related to criteria with less weighting.

6 Cross-covariance and cross-correlation analysis
In order to continue data analysis we need a projection in the

two-dimensional space. In order to maintain the three-dimen-

sional data we retained the projects and the evaluation criteria

(axes in Fig. 5) and the assessment score value is expressed as
colour code, i.e.by changing the intensity and colour of the plot.

In the upper plot of Fig. 5 all projects are presented on the
horizontal axis arranged according to the increasing value of
their total assessment score and on the vertical axes the evalua-
tion criteria are presented. The assessment scores are presented
by different colours and intensity starting from dark blue (the
lowest score) through green, yellow, orange, red and dark
brown (the highest score). The bottom left and right plots of
Fig. 5 are constructed by the manner just described where the
left plot shows the “weak” projects (with overall score under 25
points) and the right plot represents the “good” projects (with
scores from 25 to 40 points).

Now we will examine the relationship between the criteria
and will compare them in pairs. Each particular criterion was
compared to the rest (Fig. 6) in order to understand whether
any of the rest 7 criteria may predetermine or at least have a
some influence on the formation of the one in focus. Each of
the twenty-eight plots on Fig. 6 visually presents the one-by-
one comparison of the examined 8 criteria.

The horizontal axis of each of the plots in Fig. 6 represents
the projects and the vertical axes — the two criteria in ques-
tion. Assessment score values are colour-coded.Obviously,the
visual inspection of the exhibit cannot give a strict result so
it is used rather from an intuitive point of view. To be able to
compare the 2 criteria in terms of their mutual commitment we
should use the analysis of their cross-correlation matrices. The
choice of cross-covariance and cross-correlation analysis (e.g.
Kraay and Driscoll, 1998) is not accidental,since these methods
compare the similarity of two functions and, according to their
results,we could assess not only whether any two variables are
considered interdependent but the direction of their relationship.
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7 Investigation of connections
between the different criteria

The study of the relationships which exist between the dif-
ferent quality criteria helps us to understand the logic of the
process of evaluating the project proposal and to demonstrate
the relationship between the different qualitative criteria in
order to build a system for ex-ante project proposals’ evalua-
tion. The methodology of this study is based on a comparison
of pairs of criteria by cross-correlation taking into account the
influence of autocorrelation.

On Fig. 7 the values of the auto-correlation function for
each pair of the evaluation criteria are presented. The horizon-
tal axes of each plot on Fig. 7 represent the projects, multiplied
by two;the values on the left half correspond to a directional
connection from the second to the first criterion, and the right
half — vice versa. The vertical axes of each plot on Fig. 7 has
four rows, where: the first row corresponds to the cross-corre-
lation between the first and the second criteria; the second row
corresponds to the auto-correlation of the first criterion; the
third row corresponds to the auto-correlation of the second cri-
terion, and the fourth row corresponds to the cross-correlation
between the second and the first criteria. The cross-correlation
analysis reveals the relationship between qualitative criteria.
Reading the data the following cross-correlations are compu-
tationally differentiated:

e The influence of the Relevance on the Quality of the
Work Program and on the Impact is clear and unam-
biguously determined;

e The relationship between the following two pairs of
quality criteria: ”"Relevance” - “Innovation” and “Rel-
evance” - “Valorisation” (exploitation and dissemination
of results) is equalized. The reason for this mutual influ-
ence results from the fact that the projects are oriented
towards elaborating something new, towards developing
innovative elements that should be implemented and dis-
seminated in all partner countries.

e “Quality of the consortium” and “European added value”
in turn influence the “Relevance” as a quality criterion,
because the consortium capability is decisive whether a
given project idea will be successfully implemented or
not,as well as the presence of European added value jus-
tifies the project’s relevance.

The study of the interconnection and the dependencies
between the different criteria is carried out by the means of
both instruments mentioned above, and is discussed in detail
according to the different criterion.

“Relevance” is the main criterion for the quality of the pro-
ject proposal. It is connected with the project objectives and pro-
ject outcomes which should be achieved and consistent with the
priorities of the program to which the project has been referred.
This criterion naturally influences on all others (Fig. 7), and
on the overall assessment of the project. The Relevance of the

project proposal evaluates the significance of the proposed pro-
ject compared to the present status of situation.

Criterion “Relevance” the most influences the Quality of the
Work Program. Through this criterion evaluates whether the
planned final project results/products comply with the policy
of the program.

Each activity in the project implementation is subject to the
“Relevance” criterion: the project innovativeness should not be
a goal in itself, but should be subjected to the project idea; the
Consortium gathers and unites for the implementation of this
idea. Finally the relevance affects the Cost-benefit,ratio oth-
erwise the spending it would not be justified in the terms of
European financing. The Relevance is related to the Impact that
is expected to exert on the target group, and to what extent it
will meet the needs of individual project users. The criterion
influences also the Valorisation plan that will enable the dis-
semination and exploitation of project results.

Through a research of the values in the cross-correlation
matrix we proved the leading role of the “Relevance” in respect
to five of the eight criteria. The Relevance determines the qual-
ity of the project idea through which the policy of the program
is implemented. The realization of the project idea related to the
suitability of the project directly affects the expected impact of
project results. This supports the conclusion about the leading
role of the relevance assessment regarding the general trend of
the project evaluation.

Criterion “Quality of the work programme” evalu-
ates how to achieve the objectives of the project proposal.
This criterion is crucial for the overall performance of the
project. It indicates at which extent the programme’s objec-
tives could be achieved and whether the target groups’ needs
could be met. Work program includes elements related to the
organization of activities and hence influences the spending of
budget resources. Its influence on the “Project impact”that is
achieved through the realization of the project results is very
clear. The actual quality of the work program depends on the
ability of the partner organizations’ “Consortium”to imple-
ment the plan. The “European added value”as a projects’ goal
will also influence the project work program — however, the
funding of educational projects is not a goal of itself — it should
be subject to the programme policy.

The relation “Quality of the work programme” —Innova-
tion” is clearly defined since the essence of the European pro-
gram is aimed at developing innovations. Therefore, the innova-
tion of the project proposals is initially determined.“Innovative
Character” criterion determines the evaluation of the of the
rest qualitative criteria.

According to the values of the connections shown on Fig.
7 the innovative nature of the project most strongly influences
the Impact that the project may have. The significant innova-
tive elements affect the Cost-benefit ratio. Any major innova-
tion is justified in terms of budgetary resources provided the
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Impact is significant. The most important is the relationship
between project Innovation and the Impact of the project - the
more innovative the project is, the greater the impact of its
results on the target group will be. From another perspective
the innovative elements in a project depends on the quality and
the composition of the consortium that will implement the pro-
ject because only quality team can participate in implementa-
tion of significant and innovative ideas.

The Innovation is directly connected with the European added
value because the outputs and the change in the European policy,
theory and practice in education can happen through innovative
ideas. A bilateral is the relationship between the innovative pro-
ject elements and the valorisation of the project —the significant
innovation projects more easily disseminate their results and eas-
ier the innovations reach the project target group. On the other
hand, the use and dissemination of the project results and prod-
ucts is significant only when the project is innovative.

“Quality of the Consortium” — as a quality criterion —
affects the very implementation of the project. The consortium
is assessed in terms of its ability to achieve the intended results
and from there the assessment is focused on possibility the
various organizations in the consortium to participate actively
in the dissemination of results and to cause significant impact
on the project target group. An important point in assessing the
quality of the consortium is the balanced participation of the
project partners (Fig. 7). Consortium quality is not a leading
criterion; however, it appears to be a result of the evaluation
of the European value added because only a highly competent
team is able to achieve significant results.

Criterion ,,European Added Value” — cach project funded
by a European program should add value. This criterion
strongly influences the Impact of project results — only project
with significant added value can achieve significant impact,
can influence the quality of the program for dissemination of
the results,and can be justifiable from the perspective of cost-
benefits ratio (Fig. 7).

Criterion ,,The Cost-benefit Ratio” — the project budget is
a result of the planned work program through which a project
can be realized (Fig. 7). All seven quality criteria affect the pro-
ject budget. The assessment of the cost-benefit of the project
is best measured by the impact that the project results have on
the project target group. The qualitative evaluation of the cost-
benefit ratio is crucial for the project proposal selection. All
costs must be justified where adequate resources are planned
(e.g. personnel, equipment, travel,materials, etc.) necessary for
the effective and efficient project execution.

Criterion “Project Impact”— it aims to support the achieve-
ment of a significant effect in respect of the project idea. Dur-
ing the impact assessment the effectiveness of the resource plan
is assessed (Fig. 7). The impact assessment allows evaluators to
compare the input resources to the expected output results and
to assess at what extent the various resources can be efficiently

used. The Impact is influenced by the dimension of the utiliza-
tion and dissemination of results.

Criterion “Quality of the Valorisation Plan”- the latter-
criterion should have a positive impact on the sustainability of
project results, therefore this criterion influences the project
impact on the surrounding environment.

8 Valuing the connectivity

The relations examined above together with the degree of
interaction between the criteria are analytically confirmed by
the examination of the extreme values of the corresponding
cross-correlation matrices (Fig. 8) demonstrating again the
interdependence of the criteria from each other. The cross-cor-
relation values are normalized using the sample data. The nor-
malized cross-correlation shows the relationship between any
two tested criteria (Kraay and Driscoll,1998) on the basis of 40
selected most similar projects with a 95% statistical level of
confidence, checked with the Pearson’s criterion. The value of
two standard deviations was used as a threshold which provis
at least 95% level of confidence.

The values are normalized in the range between zero and
one and are directly comparable. The high cross-correlation
levels indicate that the selection of the criteria is made in order
to achieve the EU programme’s goals.

The main objective of this study is to build a matrix of con-
nectivity (adjacency matrix) between the quality criteria (Thies-
sen, 2013), i.e. to construct a graph of the criteria. A “graph”
in this context is made up of two sets:”vertices” or “nodes”,
and lines called edges that connect them. The adjacency matrix,
sometimes also called the connection matrix, of a simple
labelled graph is a matrix of non-negative numbers with rows
and columns labelled by graph vertices. The number in posi-
tion (edge)represents the strength of the connection between the
nodes and if and only if the nodes and are not adjacent. Only
symmetric adjacency matrices were considered, which does not
limit the research consistency because the directionality may
be derived from the time lags of the applied cross-covariance
function. The problem of reconstruction of criteria’s connectiv-
ity (functional connectivity) will be approached by means of
multi-scale analysis. We used two methods for inferring the net-
work structure from the data. The method’s choice reflects the
connectivity properties in different scale spaces.

The first approach is based on the valuation of the cross-
correlation calculated for the observed criteria. Based on the
normalized cross-correlation in the zero position, we built the
adjacency matrix of connections and we have examined dif-
ferent thresholds to identify the importance of each connec-
tion (Cressie, 1993). The second approach is based on a more
complex but more direct technique. The measure, based on
the second approach for determining the functional connectiv-
ity, is the phase-locking factor (PLF) which is derived directly
from the analytical signal (the initial data processed with
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Fig. 9 Values of the normalized cross-correlation with threshold of 95% level of confidence.
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integral Hilbert’s transform) taking the mean of the instanta-
neous phase difference between each pair of criteria. Here we
note several important reasons to use two completely different
approaches operating on different scales. Suppose that if by
each of the two described approaches we come to radically
different results,then the conclusion would be that the rela-
tionships between the criteria defy the analysis. The use of
two radically different approaches when constructing the adja-
cency matrix and the achievement of similar results in each of
them ensure, on one hand, the correctness of there search and
the accuracy of the calculations,and on the other hand, shows
the sustainability of the result (i.e. the connectivity pattern).
The adjacency matrix (Fig. 9) was obtained by using of the-
normalised cross-correlation at non-zero time lags. The X and

Y axes represent the evaluation criteria and the colour indicates
the strength of the interrelation. Again,the values are shown in
colour-scaled normalized data between 0 and 1. Fig. 9 contains
four plots where a threshold of two standard deviations is used
(value of 0.1). The first plot shows the values of the connectiv-
ity (adjacency) matrix with a threshold of 0.55, i.e. more than
ten standard deviations; the second plot has a threshold of 0.6.
The third and fourth plots are made with thresholds 0.65 and
0.7 respectively. Analysing the results we can track the strength
of interaction between the criteria; starting in reverse order one
may trace the generic and the connectivity strength between the
qualitative criteria.

On Fig. 10 the adjacency matrix obtained after the applica-
tion of phase locking factor is depicted. The figure contains five
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Fig. 10 The values of the associative matrix obtained as a result of the Hilbert transformation. Visually observed fluctuations of the data are typical

for the results obtained by a multi-scale analysis. Based on the computational results we investigate the following hypothesis: “There exists a constant

which,multiplied by the adjacency matrix obtained by the Hilbert integral transformand added to the adjacency matrix for med by the cross-correlation func-

tion, will return zero

”. The result is shown on Fig. 11 (third plot)by applying 0.9 as the valueof the searched constant.
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Fig. 11 Comparison of the results of achieving the adjacency matrix.

plots with data normalized between 0 and 1 where the threshold
of 2 standard deviations has 0.1 value. The first plot shows the
values of adjacency matrix with threshold of 0.45, i.e. more
than 8 standard deviations, the second plot has a threshold of
0.5 and the third — a threshold of 0.55. The fourth and fifth plots
are created by thresholds respectively 0.6 and 0.65.

The main result presented on Fig. 11 follows from the com-
parison between the first plot in Fig. 9 and the first plot in Fig.
10 (which are plotted again as first and second plot on Fig. 11).
Besides the visual comparison, a numerical comparison of the
adjacency matrices is performed as well and presented as the
third plot on Fig. 11. It may be noticed that the differences
between the results obtained by the two approaches are mini-
mal. In order to evaluate the difference in both positive and
negative directions we have presented the adjacency matrices
in a different colour scale containing positive and negative
values. The differences at the selected constant are within the
magnitude of 10% in positive and negative direction.

The optimal value of the constant for which the differences
are minimal can be found as well. The solution of the corre-
sponding optimization problem lays beyond the present study,
because we have already shown the two basic properties of the
resultant adjacency matrix:

o first, the possibility of instability of the findings is less

than 10%, i.e. with 90% probability we can claim that we
have correctly reconstructed the adjacency matrix;

e sccond, the differences do not affect the connectivity, i.e.
independently from which matrix we use for the recon-
struction of the connections,we reach the same graph.

To be able to formulate the right conclusions from the stud-
ies we should interpret the received results in a qualitative and
functional way.

Figure 12 presents the results of this research as edges in a
directed graph whose nodes are the quality criteria for the evalu-
ation of a project proposal. Each node of the graph is tinted in a
different colour, matching with the colour of the edges coming
out of this node. The bidirectional edges are black-coloured and
form a cycle in the graph. The graph on Fig. 12 is not a simple
directed graph but a special case of graph called“network” (Kel-
ler, 2007). The network type graphs are characterized with two
special nodes: one from which the edges only come out (called
BEGINNING nodes) and another in which the edges only get in
(called END nodes). In our case the BEGINNING is the “Euro-
pean added value”and the END is the “Budget”. This structure
reflects most closely the logic of the European projects. They
aim to achieve European value added for a relevant (acceptable,
fundable) price. In the network type graphs one may define and
examine the levels of nodes *importance as well as the concepts
about shortest path between each pair of nodes.

In the terms of graph theory we may give a recommenda-
tion about developing a successful project. As a quantitative
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indicator for measuring the importance order of the different

themes/factors/, the dynamic arrangement of the factors from

Fig. 4 is modified as follows:

1 “Relevance”;

2 “European added value”;

3 “Quality of the work program “ and “ cost-benefit”;

4 “Innovative character” , “Quality of the consortium”
and “Impact”;

5 “Quality of the valorization plan”.

Taking into consideration the relationship between the eval-

uation criteria (Fig. 12) we could confirm or reject any formu-

lated hypothesis. According to the terms of the graph theory the

criteria are listed as follows:

The most important step is to reach a certain European
added value! This is the node from which all the con-
nections are starting (the beginning node), i.e. this is the
place where a project proposal developer has to start.
During the second phase the Consortium should be con-
stituted in a way to be convincing in its capability to imple-
ment the required European value added. Only one arrow
comes from the beginning node to the Consortium node.
At the next logical level the nodes involved in the cycle
Relevance-Innovation-Valorization should be consid-
ered simultaneously,as they are dependent on each other
(i.e. they cannot be considered and implemented consecu-
tively). These nodes get lines only from previously con-
sidered nodes “European added value” and “Consortium”.
During the next step the Work program should be devel-
oped, followed by the formulation of the Impact.

At the end, all activities planned in the project proposal
should be financially assured by the respective compo-
nents in the Budget.

9 Conclusions
As shown in the latter section, the analysis carried out by

the means of graph theory does not contradict to the tested

hypothesis but rather clarifies additionally the applicability of

the model. We conclude that the development of a successful

educational project proposal could follow the sequence:

Clarification of the project concept in order to add value
with European dimension (European Value Added),in
other words, only projects that are significant at the Euro-
pean level have the chances to be funded by the central-
ized European programs.

Involvement of partners and establishment of a Consor-
tium that is capable to fully contribute to the realization
of the project idea (Quality of the Consortium).

At the next stage, but not less important — establishment
of interaction between three project components: (1) pro-
ject’s compliance with the objectives and the priorities
of the funding program (Relevance); (2) clear focus on
innovative approaches and solutions (Innovative char-
acter); (3) promotion and implementation of the antici-
pated innovations (Quality of the valorization plan).
The Quality of the work program is a component which
is a function of the aforementioned five components— it
is the means by which the suggested innovative solution
could be realized. Therefore, the Quality of the work pro-
gram is influenced by the predecessor components and
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can only have an impact on the Cost-benefit ratio and on
the Impact of the project.

e The Project Impact is a result of the successful imple-
mentation of the planned activities, so as a component of
the project proposal, it only affects the financial resources
necessary for its effective achievement.

o Cost-benefit analysis is the last component of the devel-
opment of a “good” project proposal. All project activi-
ties are reflected in the budget plan (from the European
added value to the impact that the project could have by
its realization), this is why a rational budget is also a key
to the successful project proposal.

A future task is to explore the parameters of successful mul-
tilateral European projects. The aim is to formulate basic rules
that should be followed when initiating a project idea and estab-
lishing a consortium in order to be maximum convincing in the
project proposal’s success. On this basis, we will aim in develop-
ing a feasible strategy for an ex-ante evaluation of project pro-
posals ensuring highest chances for them to perform in the seg-
ment of the best projects during their execution. The conclusions
may have significant contributions to the design of a model for
managing the process of developing educational project propos-
als based on the monitoring and evaluation tools of European
educational programs. The model should clarify the relation-
ships between the project proposal’s components and allow the
improvement of the management system for preliminary moni-
toring and evaluation of project proposals which apply for fund-
ing through the centralized European educational programs.
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