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Abstract

This article aims to demonstrate the application of the Analytic Hierarchy Process (AHP) method through a
combination of relative and absolute measurement to treat a complex decision problem. The motivation for the use
of this method came from the need of providing support to the Fluminense Federal Institute (IFF), a public institution
that exercises teaching, research and extension activities, in the selection of several project propositions submitted to
the research department. Such projects are submitted to an evaluation of different criteria which are mostly qualitative
and difficult to measure. This is a case study in research area of the Fluminense Federal Institute, based on literature
and document research and unstructured interviews. The application of the method allowed a more efficient evaluation
process and generated a priority list of projects complying with the requirements for a scientific research project, to meet

the institution’s goals.
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1. INTRODUCTION

Multi-criteria decision support methods (MDS) have
been used in different areas of knowledge (Rodriguez et
al., 2013). Such methods help decision-making processes
in which there is evaluation of alternatives in multiple
dimensions based on the preferences issued by decision
makers (Gomes et al., 2004; Haimes et Chankong, 1979).

According to Vincke (1992), professionals and experts
are increasingly aware of the need to incorporate mul-
tiple criteria of any kind in problems of management or
decision, to meet the different existing dimensions in a
problem. This fact demands tools to support decision-
-making that will help the decision maker to consider the
alternatives at multiple points of view while seeking a
satisfactory solution.

Such complexity is also observed in the problems re-
garding scientific research projects selection - specifi-
cally, the research area of the Fluminense Federal Ins-
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titute (IFF), a federal government agency that operates
in the higher, basic and vocational education sector. The
IFF research area has as one of its tasks the management
of granting incentive sponsorship for scientific research,
due to the scarce distribution of resources to meet the
increasing demand for research projects. The organism
observed the need for a systematic method of selection
of the projects which fit better to IFF institutional pur-
poses. This is, therefore, a priority problem due to the
importance of each project to the institution.

Francisco (2002) points out that the considerable in-
crease seen in research activities involving limited re-
source allocation efforts has led both public and private
research bodies to use systematic evaluation processes
for the selection of research projects propositions. Such
a system serves both to justify the choices of managers
in relation to investment in research and to ensure to the
public a good allocation of resources, allowing greater
transparency in decision making.



Freitas (1998) mentions that evaluation, judgment
and choosing are part of the normal behavior of human
life, and play an even more important role in scientific
activities. According to him, the scientists, private and
public organizations use the assessment as a necessary
tool to promote the development and improvement of
their activities and businesses.

According to Lima (2008), the allocation of resources
can be achieved through the optimization of resources
or by seeking the preferential alignment of alternati-
ves for prioritizing the ones more capable of meeting
the organization’s mission. The latter is the focus of this
work. Keeney (1992) also emphasizes the relevance of
considering the organizational goals in the choice of pro-
jects.

However, in literature, there was no evidence of MDS
application to assist in the selection of scientific research
projects in a Science and Technology Institute (STI). Thus,
this paper proposes the use of a MDS method, the Analy-
tic Hierarchy Process (AHP), which combines the relative
measurement with absolute measurement (Saaty, 1990)
for analysis and selection of a large number of scienti-
fic research project proposals for scholarships research
purposes. As we will demonstrate in the study, the use
of MDS method allows the selection of projects aligned
with the institutional goals of IFF, thereby promoting a
more efficient and judicious allocation of awarded grants.

The choice for AHP was motivated by its simplicity and
easy implementation and also due to the qualitative na-
ture of the problem presented in most of the variables.
The combination with absolute measurement is justified
by the possibility of handling a large number of alterna-
tives.

Another reason for choosing this method is because it
enables structuring the problem hierarchically, allowing
us to represent a subordination relation between the ele-
ments for achieving the main objective. In addition, the
AHP facilitates the measurement of qualitative elements
and allows the sorting of the elements according to their
contribution to the achievement of the desired goal.

The method is well suited to the research problem of
this study, which consists in overcoming the difficulty for
a Science and Technology Institute as the IFF of propo-
sing a method that ensures the alignment of selected
projects to the institution’s objectives, considering a set
of factors, especially the qualitative ones, to be satisfied.
The AHP, by combining the relative and absolute criteria,
aims to generate a ranking to identify the projects that
contribute most satisfactorily for the purposes of the STI.
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2. THE ANALYTIC HIERARCHY PROCESS METHOD

AHP is one of MDS methods widely used in the evalu-
ation of multiple criteria and goals in problems charac-
terized by their complexity and subjectivity (Shimizu,
2006; Shin et al, 2013). Created by Thomas L. Saaty in
the 1970s, this method consists in the development of a
model that reflects the workings of the human mind in
the evaluation of the alternatives facing a complex deci-
sion problem. Moreover, the method allows us to deal
with problems involving both tangible and intangible
values, thanks to its ability to create measures for quali-
tative variables based on subjective judgments made by
the decision makers (Saaty, 1991). The AHP allows treat-
ing complex problems in a simple way (Costa et Moll,
1999).

According to Saaty (1991), the application of AHP
comprises the following stages: structuring of criteria
and alternatives; collecting judgments; calculating priori-
ties; checking the consistency of judgments; and lastly,
calculating the overall priorities of the alternatives. The
structuring of the criteria consists in modeling the deci-
sion problem in a hierarchical structure, which, starting
from the main goal is decomposed in the different crite-
ria needed to achieve the referred goal, forming thus a
layer of criteria. Each element of this layer, in turn, can be
decomposed into two or more criteria, and so on, making
easier the understanding and processing of the problem.
Each element of the last level (children-element) is de-
composed into alternatives, allowing an assessment in
the perspective of each parent goal.

However, according to Miller (1956), we must use
a maximum of 7 + 2 elements in each level in order to
achieve higher accuracy in the comparisons. Also, Alves
et Alves (2015) concluded that a large number of com-
parisons may cause a risk of inconsistencies in the judg-
ments. Saaty (1991) mentions that there is no standard
procedure for selecting criteria and goals. The author
suggests the use of brainstorming with experts and / or
bibliographic research to assist in clarifying the criteria
and goals.

According to Saaty (1991), following the hierarchy
modeling of criteria comes their evaluation by the deci-
sion makers. These judgments are carried out through
pairwise comparisons between two elements of the
same level against the next element on a higher level.
The elements are compared from a square matrix, whose
order is equal to the number of elements subordinate
to the next higher node. Subordinate elements are ar-
ranged in the same order, forming the rows and columns
of the matrix.
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According to that author, during the evaluation, each
element in the line is compared with each column ele-
ment and the score of the judgment is then registered in
the matrix, in the row and column position regarding the
compared elements. Table 1 shows the generic judgment
matrix of n alternatives (a, a,,..., a ) compared to the cri-
terion C,, where X, represents the judgment inputs i and
j that range from 1 to n. When comparing the two ele-
ments the assessors must take into account which one is
the most important element based on the focus criterion
and the intensity of this importance.

As Saaty (1991) states, the comparison matrix gener-
ates reciprocal relations as shown in Table 1. Thus, for
each judgment position recorded in line i and column j,
represented by X there is a value equal to 1/xii in the
reciprocal position, i.e., it is in column j, row i position.
Considering the positions of line and column elements i
and j which, respectively, range from 1 to n, the X, ele-
ments obey the following rules:

Rule 1: If X, = Q, then X, = 1/a, a#0, where a is the numerical
value of the judgment based on Saaty’s scale (1991). So, X, =
1/x..

ij

Rule 2: If a, is judged as equally important as a, then X, = 1
and X, = 1; and, in particular, X, = 1, i=j

Table 1 - Judgment Matrix

1 1 2 n
al 1 X12 in
a, 1/x, 1 X,,
a 1/x 1/x 1

nl
Source: Based on Saaty’s work (1991)

n2

The judgment shall be based on the Saaty’s scale
(1991) as shown in Table 2, aiming first to the conceptual
judgment and then to conversion to a numerical scale
in order to register the result, as well as its reciprocal
associated evaluation, in the matrix. It is necessary to
perform n (n-1) / 2 comparisons for the decision maker,
as n is the number of compared elements (Gomes et al.,
2004).

The next stage is to calculate local and global priori-
ties. In other words, it is to calculate the relative contri-
bution of each element into hierarchical structure rela-
tive to the immediate goal and in relation to the main
goal. First, the calculation regarding the priority of each
element (node) in relation to its immediately upper ele-
ment is made, and the local mean priority of the node
is established. Then we calculate the global priority (re-
garding the main goal) of the respective element, multi-
plying its local average priority by the local average prior-
ities of the hierarchically superior nodes (Vargas, 2010).

Table 2 - Saaty’s Judgment Scale

Numeric Scale Conceptual Scale Description
1 Equal The two compared elements contribute to the goal with equal
relevance.
Moderate The compared element is slightly more important than the other.
5 Strong Experience and judgment strongly favor the compared element in
relation to the other.
7 Very Strong The compared element is much more important than the other and
this importance can be observed in practice.
9 Absolute The compared element presents the highest possible relevance
level.
2,4,6,8 Intermediate values between the two

analyses to be used when the decision
maker finds it difficult to choose between
two adjacent importance levels.

Source: Based on Saaty’s work (1990)



According to Saaty (1991), the local average priori-
ties of elements compared in the judgment matrix can
be obtained by matrix operations, calculating and nor-
malizing matrix main eigenvector. However, that author
presents other simpler procedures to generate the vec-
tor of priorities with approximate values. One of these
procedures was used by Vargas (2010) and is adopted for
this study, as follows: i) we calculate the sum of the judg-
ments recorded in each column of the judgment matrix;
ii) we create a new normalized matrix in which each ele-
ment is initialized by the element of the original matrix
divided by the total of its respective column; iii) we then
calculate priority by the arithmetic mean of the elements
of each row of the normalized matrix.

The result in each row is the total percentage of rela-
tive priorities or preferences in relation to the immediate
goal focused. The resulting vector of priorities is called
matrix eigenvector, and the sum of its elements is equal
to 1. After the calculation of local priorities for each next
higher node, we then calculate the consistency of such
judgments.

When considering the intrinsic difficulties of the hu-
man being to make decisions on issues with too much
information and multiple criteria, Saaty (1991) proposed
a procedure to calculate inconsistencies derived from
the value judgment between the elements compared in
a complex decision problem. The author admits a 10%
tolerance range for any inconsistencies. Vargas (2010)
describes in a simple way the steps to check the consis-
tency of judgment.

According to Vargas (2010), in the first step, we calcu-
late the largest eigenvalue of the judgment matrix (A,,_)
by getting the sum of the product of each total in col-
umn j of the original judgment matrix by each element
in the position j of the priority vector, considering j as
the column of judgment matrix that ranges from 1 to n.
Considering the judgment matrix, the priorities vector
(the calculated priorities of the elements) and the order
(n) of the matrix array, calculating the eigenvalue can be
represented by the following formula:

ix"i

(1) A, =5T P

Where T, is the sum of the column j of judgment matrix and P is the
calculated priority for the criterion located in row j.
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In the second step, we calculate the Consistency Index
(CI) as follows:

In the third step, we calculate the Consistency Ratio (CR):

Cl
(3) CR=——
RI
According to Saaty (1991), the Random Index (Rl) is the
consistency index of a reciprocal matrix generated ran-
domly by the Oak Ridge laboratory. Table 3 shows the Rl
table containing the random indexes calculated by the
Oak Ridge laboratory for reciprocal square matrices of
order n. As Saaty (1991) stated, if the CR calculated is
less than or equal to 0.10, the judgment matrix is consi-
dered consistent. Otherwise, the array is considered in-
consistent, and the judgment step must be redone.

After checking the consistency of judgments, we cal-
culate the overall performance of the alternatives. Ac-
cording to Saaty (1991), and based on the hierarchical
structure of the AHP, the global priorities calculated for
each criterion correspond to the importance of each cri-
terion in relation to the main goal. However, at alternati-
ves level, the priority value found by multiplying the local
priority of an alternative in relation to a specific focus by
the global priority of this alternative reflects its impact
regarding the main goal to a single criterion. Therefore,
in order to obtain the global priority of alternatives, we
must calculate the sum of the global priorities of the
alternatives calculated for each criterion. This priority
will determine the contribution of the alternative to the
main goal.

2.1 Combining relative and absolute measurements

According to Saaty (1990), absolute measurement
is applied when it’s needed to measure the elements
in each criterion based on a conceptual scale. First, we
must establish the conceptual degrees as, for example,
excellent, very good, good, average, regular and bad. Af-

Table 3. Random consistency index table

n 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

RI 0.00 000 0.58 090 112 1.24 132

141 145 149 151 148 156 157 1.59

Source: Saaty (1991)
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ter setting the nominal scale to be considered for each
criterion, we do a pairwise comparison of the scales ba-
sed on each criterion in order to obtain the weight of
each related scale element by calculating the priorities.
When assembling the matrix of judgment, the elements
scale must be sorted from best to worst, arranging them
in columns from right to left, and in lines from top to
bottom, respectively.

The authors Padovani et al. (2010), Archer et Ghase-
mzadeh (1999) and Saaty (2005) indicate that the AHP is
not feasible when dealing with a large number of alter-
natives. Saaty (2005) proposes the use of AHP combined
with absolute measurement as a solution. The latter can
be used to measure the alternatives for each criterion.
The global value of alternative can be obtained through
the sum of the product of overall weight of each criterion
(obtained by relative measurement) by the evaluation of
alternative obtained by the absolute measurement in the
respective criteria (Saaty, 1990). Furthermore, according
to Saaty (1987), the combination of these two measure-
ments solves the problem of reversion order mentioned
by Shin et al. (2013).

3. MODELING THE SELECTION PROCESS IN AHP

This section describes the steps of the application of
AHP combining relative and absolute measurement to
solve the problem of selection of research proposals at
the Fluminense Federal Institute. The referred problem
has a large number of alternatives submitted to an eva-
luation of multiple and mostly qualitative criteria.

Several evaluators participate in this, so there is a
need for standardization and systematization of the work
process. It is seen as a complex decision problem there-
fore. In addition, the proposed study aims to choose the
projects most relevant to the institutional propositions,
given that those start from the proposers’ idea. This al-
lows better allocation of funding resources for research.

The AHP suited well to the problem due to its resour-
ces, such as the measurement of qualitative variables of
the problem and the degree of contribution of each cri-
terion to the main objective, the generation of the final
ranking of alternatives, in order to allow managers choo-
sing the best project proposals.

The relative measurement was applied to assess each
criterion towards the main goal. The absolute measure-
ment was used to evaluate each alternative in each as-
pect or sub-criterion. The overall performance of each
alternative was obtained by the weighted sum which is
the sum of the products of the relative measurement of

criteria by the absolute measurement of the alternative
of the respective criterion.

For the development of this study, we established a
commission with five members, as follows: one author
of this work and four Institution Research Department
representatives. This committee was responsible for va-
lidating and approving actions and decisions taken by
the authors in each stage of the work. This also helped
in communication with other members of the research
area, allowing their feedback and necessary adjustments
during this work. The application of the model involved
the stages described in the following subsections.

3.1 Structuring AHP criteria hierarchy

We identified the main criteria and established their
aspects based on document research, unstructured inter-
views and literature review. It was found that, by nature,
some criteria were related to institutional objectives while
others to the quality of technical and scientific research.

Therefore, the restructuring of the criteria resulted in
two groups, A and B, whose hierarchical structures are
shown in Table 4 and Table 5 respectively, together with
criteria identifiers assigned by the authors.

The two sets of criteria made it possible to establish
a two-step selection stage. The group A aims to measure
the contribution of the alternatives to meet institutional
goals, while group B is designed to measure the contri-
bution of the alternatives in relation to the requirements
for each scientific research. Thus, the best alternatives
in first stage serve as input to the second step. And this
results in a more consistent selection.

Each criteria group was organized complying with the
AHP hierarchy. Level 1 is the main focus. Level 2 repre-
sents the identified criteria layer. At level 3, aspects of
each criterion are represented and modeled as sub-cri-
teria.

3.2 Collecting of judgment criteria, calculation of
priorities and consistency

The process of measurement of criteria begins with
the collection of judgment of each criterion relative im-
portance by the immediate focus criterion. Thus, the
judgment of subordinate criteria in relation to the next
higher node was conducted for each group of criteria.

As a collection instrument, we used the AHP judgment
matrix. The result of each pair of criteria compared was
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Table 4 - Criteria Group A

Criteria related to the institution’s goals

Main goal: Research committed to local and regional development (CODE: A)

Code Criterion Code Aspects considered
AL1 Does it provide new scientific/technological knowledge (laws, theories, con-
cepts, models) or new approach based on previous knowledge?
Does it provide the creation and/or improvement of new methods, processes,
Al Scientific and technological Al.2 products, materials and/or potentially applicable services in the economic, politi-
progress cal and/or social sectors?
Does it stimulate the formation of research expertise through participation of
Al.3 fellowship, technical, graduate, masters, doctoral, PhDs and postdoc graduate
and/or undergraduate personnel?
Does it stimulate new opportunities for jobs, internships, courses, products and
A2.1 services? Does it help workers and students to develop professional skills? Does
. . it contribute to the formation of citizen critical awareness?
A2 Social Commitment - - . . -
Does it contribute in direct or indirect ways to sustainable development by
A2.2 adopting and/or stimulating environmental, economic and social sustainable
practices?
A3.1 Does it comprise linkages between teaching, research and extension developed
A3 Links with Teaching, Re- in the Fluminense Federal Institute?
search and Extension A3.2 Does it contemplate the application of knowledge resulting from research in
’ solving society problems?
A4l Does the project’s research field correspond to one of the priority research areas
A Bonds with IFF research of the Institute?
areas A42 Is the project’s theme aligned with the research lines in the Research Center to

which it is associated?

Source: Authors’ study

Table 5 - Criteria Group B

Criteria related to the requirements of scientific research

Main goal: Scientific Research evaluation (CODE: B)

Code Criterion Code Aspects considered
B1 Research originality B11 Is it a new theme or does it discuss a new approach related to an existing
theme?
B2.1 Clear definition of the problem.
B2.2 Methodological adequacy.
B2 Technical quality of the project
B2.3 Theoretical basis.
B2.4 Disclosure procedures and ownership of results by society.
B3.1 Spelling.
B3.2 Grammar.
Quality of writing and text ]
B3 organization. B3.3 Clarity.
B3.4 Objectivity.
B3.5 Structure.
Adequacy of the activity plan to B4.1 Alignment of activities with project goals.
be developed by the scholar-
B4 ship student and the goals and
ship student and the g‘?a san Adequacy of the activities to be performed by the scholarship students to the
schedule of the project. B4.2

project implementation schedule.




276

A

e

Electronic Journal of Management & System
Volume 11, Number 3, 2016, pp. 270-281
DOI: 10.20985/1980-5160.2016.v11n3.988

B5.1 Availability of material resources.
B5 Project implementation viability B5.2 Financial support by other development unit.
B5.3 Schedule planning.
B6.1 Titration.
o ) Publication (article in indexed journals, book collection, book chapter) or
Scientific and technological B6.2 '
o patent filed.
productivity of the researcher
86 in the project field and theme, B6.3 Publication in annals.
assessed using the information
contained in the Lattes curricu- B6.4 Lato sensu graduation and post-graduation Final Works guidelines.
lum production indicators.
B6.5 PhD and Masters’ Degree guidelines.
B6.6 Participation in Masters’ and PhD stalls.

Source: Authors’ study

recorded directly in the judgment matrix by one of the
authors according to the managers’ consensus.

The array was configured in electronic data sheet to
receive the data reported above the diagonal positions
and to calculate automatically the value of the recipro-
cal positions associated with each entry, facilitating the
registration of judgments. The example in Table 6 shows
the result of the collection of judgment criteria for the le-
vel 2 criteria in group A in relation to the focus criterion.

Table 6 - Judgment of the importance of A1-A4 criteria in relation
to the A main goal.

Al A2 A3 A4
Al 1.000 1.000 2.000 3.000
A2 1.000 1.000 2.000 3.000
A3 0.500 0.500 1.000 2.000
A4 0.333 0.333 0.500 1.000
Total 2.830 2.830 5.500 9.000

Source: Authors’ study

The judgment matrix was normalized for the calculation
of the criteria priorities. We then calculated the arithmetic
mean of the elements in each row to get the average local
priority. The local priority of each element of the level 2 has
the same value as the global priority, and its value can be re-
presented in percentage format, demonstrating the degree
of their contribution to the achievement of the main objec-
tive. The weight of the main objective is 1, i.e., it’s equal to
the sum of all the weights (priorities). Table 7, below, shows
the normalization performed and the priorities calculated
based on the judgment seen in Table 6. All the calculation
was integrated into the judgment matrix in a way that, when
registering the trials, the priorities could be calculated auto-
matically.

Calculations to check the consistency of the trial were
also implemented in the data spreadsheet and integrated to
the judgment matrix to calculate automatically the ratio of
consistency. So for the record of the judgment, managers,
based on the calculated CR, could see their decisions and
seek a consensus again in case of any inconsistency. Inter-
mediate values considered in CR calculation based on the
exposed judgment matrix in Table 6 are demonstrated in
Table 8.

Table 7 - Calculated priorities of the criteria judged in relation to
main goal A

Normalization

“N” Global
Weight A1l A2 A3 Gl'ob.al Priority
=1.0 Priority (%)

Al 0,353 0,353 0,364 0,333 0,3507 35,07%
A2 0,353 0,353 0,364 0,333 0,3507 35,07%
A3 0,176 0,176 0,182 0,222 0,1892 18,92%
A4 0,118 0,118 0,091 0,111 0,1093 10,93%
TOTAL 1,0000 100,00%

Source: Authors’ study

Table 8 - Intermediate values considered in the calculation of the
consistency ratio of the judgment of A1-A4 criteria in relation to

main goal A
Largest Rl asso- .
. o . Consis-
eigenvalue Criteria ciated to
. . o CR tent:
of judgment quantity criteria CR <
matrix quantity 0 1'
4,01 4 0,00 0,9 0,00 )

Source: Authors’ study



Then the level 3 criteria (aspects) were measured. In this
case, we considered as the focus criterion for each aspect
its immediately higher hierarchical level 2 element. Again,
the collection of judgment and calculation of priorities of
the aspects were carried out, and it was the consistency of
judgments was analyzed with the use of the focus criterion.
In this case, the global priority of each aspect was obtained
calculating the product of global priority of the focus node
by the aspect local priority. The sum of the sub-criteria lo-
cal priorities must be equal to the global priority of the fo-
cus criterion. All calculations were set in a data sheet file in
order to allow the integration of the priorities generated in
each node of the hierarchy. Tables 9, 10 and 11 show, res-
pectively, the collection of judgment of A1.1-A1.3 sub-crite-
ria in relation to the criterion A1l (scientific and technological
advance), the average local priorities, the calculated global
priorities and the consistency ratio regarding the judgment.

Table 9 — Judgment of A1.1-A1.3 criteria in relation to criterion Al

Al.1 Al.2 Al.3
Al.1 1,000 5,000 2,000
Al.2 0,200 1,000 0,250
Al.3 0,500 4,000 1,000
Total 1,700 10,000 3,250

Source: Authors’ study

Table 10 - Priority of A1.1-A1.3 criteria in relation to criterion Al

Normalizing
a b
@ b
Ave-  Glo-
rage bal Glo- Global
ALl Al2 A13 '8 ) bal  weight
local Prio- .
. . Prio- (%)
prio-  rity rit
rity Al 4
Al.1 0,588 0,500 0,615 0,5679 0,1992 19,92%
Al.2 0,118 0,100 0,077 0,0982 0.3507 0,0344 3,44%
Al1.3 0,294 0,400 0,308 0,3339 ’ 0,1171 11,71%
TOTAL 1,0000 0,3507 35,07%

Source: Authors’ study

Table 11 - Intermediate values considered in the calculation of the
consistency ratio of the judgment of A1.1-A1.3 criteria in relation
to criterion Al

Largest ei- L RI - -
& Criteria . asso Con
genvalue of ciated to sis-
. quan- Cl s . CR
judgment it criteria tent:
matrix y quantity CR <
3,03 3 0,02 0,58 0,03 0.1

Source: Authors’ study
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Table 12 and 13 show the measurements of criteria
groups A and B respectively. These tables present the ave-
rage local priorities (LP), the global priorities (GP) of each
criterion and aspect and the consistency ratio (CR) of each
trial in each selection stage.

Table 12 - Priorities (weights) generated by AHP for criteria and
aspects in group A

Cri- As-

te- LP CR GP LP CR GP

ria pect

Al 0,3507 0,00 0,3507 A1.1 0,5679 0,03 0,1992
Al.2 0,0982 0,0344
Al.3 0,3339 0,1171

A2 0,3507 0,3507 A2.1 0,7500 0,00 0,2630
A2.2  0,2500 0,0877

A3  0,1892 0,1892 A3.1 0,7500 0,00 0,1419
A3.2 0,2500 0,0473

A4 0,1093 0,1093 A4.1 0,3333 0,00 0,0364
Ad4.2 0,6667 0,0729

Source: Authors’ study

Table 13 - Priorities (weights) generated by AHP for criteria and
aspects in group B

Cri- As-

te- LP CR GP LP CR GP

Hia pect

B1 0,0580 0,01 0,0580 B1.1 0,0580 0,0580

B2 0,2204 0,2204 B2.1 0,3507 0,00 0,0773
B2.2 0,3507 0,0773
B2.3 0,1892 0,0417
B2.4 0,1093 0,0241

B3  0,0800 0,0800 B3.1 0,1431 0,01 0,0114
B3.2 10,1431 0,0114
B3.3 10,3923 0,0314
B3.4 10,2328 0,0186
B3.5 0,0887 0,0071

B4 0,2106 0,2106 B4.1 10,7500 0,00 0,1580
B4.2 00,2500 0,0527

B5 0,2106 0,2106 B5.1 10,5390 0,01 0,1135
B5.2 10,1638 0,0345
B5.3 10,2973 0,0626

B6 0,2204 0,2204 B6.1 0,1196 0,05 0,0264
B6.2 0,4456 0,0982
B6.3 10,0381 0,0084
B6.4 0,1410 0,0311
B6.5 0,2176 0,0480
B6.6 10,0381 0,0084

Source: Authors’ study
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As we can observe, most of the judgments presented
consistency ratio equal or close to zero. This demonstrates
a greater consistency in the judgment of the criteria, which
can enhance the quality of the managers’ decision making
process.

3.3 Preparation of evaluation sheets and nominal scales
used as answers

Based on the criteria and aspects, two evaluation sheets
were developed, one for each set of criteria. Each card as-
sessment items were textually represented by the aspects of
their respective criteria structure. Thus, the weight of each
evaluation item is obtained by its overall weight as previou-
sly generated by AHP.

In each form, we defined for each assessment item the
conceptual scale of values to be used by project evaluators
in assessing each aspect. The use of conceptual scale facili-
tated the evaluation because, by nature, most of the aspects
were qualitative. For some quantitative aspects, conversion
scales were established, respecting the restrictions imposed
by the context. Such scales have been defined by the au-
thors and the project evaluators committee. The assessment
items that make up each evaluation form and its nominal
scales, used as conceptual answers, can be seen in Table 14
and Table 15 respectively, as follows.

3.4 Measuring nominal scales used as answers

After setting the scales, we proceeded again to collect the
judgment of the degree of importance of the nominal sca-
les in relation to the associated aspect. The calculation of
priorities and consistency ratio was automatically done by
the spreadsheet, so that at each record of judgment, one
could realize the degree of consistency in the conducted jud-
gment. The priority found for each nominal scale is used to
automatically measure the response of the evaluator at the
moment of project assessment. Table 14 and Table 15 show,
for each group of criteria, the aspects (Evaluation items) and
their scales (conceptual value of answers) along with their
local priorities (LP) generated by the AHP and the value of
the CR resulting from each judgment.

Table 14 - Weights of nominal scales used in the assessment
based on the criteria group A

Assessment LP Conceptual value of answer CR
item (weights)
Al1l Very Satisfacto- Few No-
rily thing

0,5375 0,3027 0,1055 0,0543 0,00

Al.2

A2.1

A2.2

A3.1

A3.2

A4l

A4.2

very

0,5375
very

0,5375
very

0,5375
very

0,5375
very

0,5375
very

0,5375
sim
0,9000
High
0,5375

Satisfacto-
rily
0,3027
Satisfacto-
rily
0,3027
Satisfacto-
rily
0,3027
Satisfacto-
rily
0,3027
Satisfacto-
rily
0,3027
Satisfacto-
rily
0,3027
nao
0,1000
Average
0,3027

few

0,1055
few

0,1055
few

0,1055
few

0,1055
few

0,1055
few

0,1055

Low

No-
thing
0,0543
No-
thing
0,0543
No-
thing
0,0543
No-
thing
0,0543
No-
thing
0,0543
No-
thing
0,0543

None

0,00

0,00

0,00

0,00

0,00

0,00

0,00

0,1055 0,0543 0,00

Source: Authors’ study

Table 15 - Weights of nominal scales used in the assessment
based on the criteria group B

Asses- LP Conceptual value of CR
sment answer (weights)
item
B1.1 Yes Par- No
tially
0.7606 0.1577 0.0817 0.00
B2.1 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B2.2 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B2.3 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B2.4 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B3.1 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B3.2 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B3.3 Excel- Good Regular Bad
lent
0.5375 0.3027 0.1055 0.0543 0.00
B3.4 Excel- Good Regular Bad

lent



0.5375 0.3027 0.1055 0.0543 0.00
B3.5 Excel- Good Regular Bad

lent

0.5375 0.3027 0.1055 0.0543 0.00
B4.1 Excel- Good Regular Bad

lent

0.5375 0.3027 0.1055 0.0543 0.00
B4.2 Excel- Good Regular Bad

lent

0.5375 0.3027 0.1055 0.0543 0.00
B5.1 High Satis- Low

factory

0.7606 0.1577 0.0817 0.00
B5.2 Consi- Suf- Low None

derable ficient

0.5375 0.3027 0.1055 0.0543 0.00
B5.3 Excel- Good Regular Bad

lent

0.5375 0.3027 0.1055 0.0543 0.00
B6.1 Post- PhD Mas-  Specia-  Gra-

-PhD ters’ lization duation

Degree

0.4867 0.2720 0.1370 0.0661 0.0382 0.03
B6.2 Excel- Good Regular Bad None

lent

0.4867 0.2720 0.1370 0.0661 0.0382 0.03
B6.3 Excel- Good Regular Bad None

lent

0.4867 0.2720 0.1370 0.0661 0.0382 0.03
B6.4 Excel- Good Regular Bad None

lent

0.4867 0.2720 0.1370 0.0661 0.0382 0.03
B6.5 Excel- Good Regular Bad None

lent

0.4867 0.2720 0.1370 0.0661 0.0382 0.03
B6.6 Excel- Good Regular Bad None

lent

0.4867 0.2720 0.1370 0.0661 0.0382 0.03

Source: Authors’ study

We observe that all trials presented consistency ratio wi-
thin the limits set by Saaty (1991), as most presented zero
CR value. Therefore, all the trials performed demonstrated
consistency.

3.5. Calculation of Project performance

Collecting the evaluation of each project was carried
out by means of evaluation forms. These were sent to the
evaluators, whose answers were duly recorded in the data
sheets. These spreadsheets were previously configured in a
way that, when registering the obtained conceptual evalua-
tions of projects, it could automatically assign the weights
and then calculate the performance of projects. Table 16
exemplifies the calculation of the performance of a given
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project relative to its alignment with the goal of the insti-
tution, based on the criteria group A. The same calculation
was made based on the responses found in the evaluation
of that project in relation to the criteria group B. It was ob-
served that some projects had matching performances. Six
decimal places were applied on project global performance
indicators in order to minimize the coincidences.

Table 16- Performance calculation of Project 1 based on criteria

group A
Asses- Item Assessor’s Answer Project perfor-
sment Weight Answer weight mance
Item (GP)
Al.l 0,1992 Few 0,1055 0,1992 x 0,1055 +
Al.2 0,0344 Few 0,1055 0,0344 x 0,1055 +
AL3 01171 Sa“‘;‘ifl’:‘;m' 0,3027 0,1171x0,3027 +
A2.1 02630 Sa“f;im' 0,3027 0,2630x0,3027 +
A2.2 0,0877 Very 0,5375 0,0877 x0,5375 +
A3.1 0,1419 Very 0,5375 0,1419x0,5375 +
A32  0,0473 Sa“‘;‘ifl’:‘;m' 0,3027 0,0473x0,3027 +
A4.1 0,0364 No 0,1000 0,0364 x 0,1000 +
AL 0,0729 High 0,5375 0,0729x0,5375 =

0,320280

Source: Authors’ study

3.6. Ordination of projects in relation to the
contribution to the achievement of institutional goals

At this stage, we performed the ordination of projects in
descending order of score as obtained in the evaluation of
criteria related to the institutional goals, the criteria group
A. This is shown in Table 17 below.

Table 17 - Project ranking according to its contribution to the
achievement of institutional goals

Project Score Ranking

3 0,550684 la
49 0,550684 2a
2 0,523192 3a
30 0,480854 4a
13 0,476440 5a
50 0,468356 6a
9 0,179247 56a
14 0,165948 57a
12 0,164049 58a
53 0,131822 59a
10 0,130795 60a
59 0,112414 6la

Source: Authors’ study
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3.7 Ordination of projects based on compliance with
the requirements for each scientific research

The projects that achieved the best scores in the first
ranking were kept in the research evaluation spreadsheet
while the others were excluded. Then we proceeded to the
ordination of projects according to their performance data
in relation to the assessment based on criteria group B. The
result is shown in Table 18 as follows.

Table 18 - Project ranking according to its compliance with
scientific research requirements

Project Score Ranking

49 0,511931 12
5 0,509791 2°
0,481797 3°

6 0,447083 42
13 0,432984 52
19 0,422273 6°
52 0,169224 48°
1 0,168406 49°
24 0,165098 50°
38 0,163276 51°
25 0,150343 522
23 0,129835 532
61 0,114163 542

Source: Authors’ study

Ranking final results pointed the projects that meet both
the quality of research and institutional interests. This ran-
king served as a support resource for the managers to the
allocation of research grants.

4. CONCLUSION

The combination of AHP relative and absolute measure-
ments simplified and facilitated the evaluation. The nominal
scales used in the absolute measurement allowed a concep-
tual evaluation, favoring the assessment of the qualitative
items. In addition, the process of modeling the problem in
AHP led managers to reflect and discuss about the contri-
bution of each criterion considered for achieving the institu-
tional goals and also the quality of each research proposed.
The restructuring was important in the standardization of
aspects considered in each criterion, allowing to everyone
involved in the process a common understanding and grea-
ter consistency in the evaluation.

The final ranking, generated from filtering results in the
first ranking, secured the choice of the projects most com-
pliant to research and institution goals. Since the institution’s
goals are in line with the needs of society and its local and

regional development, the method contributed to impro-
ving quality in a decision making process.

The incorporation of managers’ preferences based on
a consensus model favored the compromise between the
parties, thereby increasing the credibility of the decision-
-making process, which results in a more consistent and ef-
fective decision model.

Despite the satisfactory result, we observed that the ran-
king results produced some similar or close scores, because
some projects had coincidentally the same evaluation va-
lues.

In addition, some managers wanted to categorize pro-
jects as good, bad and very bad. However, as the proposed
here was the prioritization of projects, we recommend as
future work a study about the feasibility of implementing
the AHP combined with other methods for the final cate-
gorization of projects, in order to analyze the effectiveness
of the proposed solution in relation to others from different
multi-criteria selection models.
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