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ABSTRACT

The education development in Brazil has been influenced by government poli-
cies, especially those directed at higher learning. To judge the effectiveness of these poli-
cies it is necessary to evaluate the quality of the teaching offered, particularly with respect 
to public education. In this context, there have been many initiatives for new postgradua-
te programs. To be accredited, these programs must be approved by the Coordination 
for the Improvement of Higher Education Personnel (CAPES), part of the Ministry of Edu-
cation. Among the many criteria considered by CAPES, the academic production is the 
most important. Many works proposing approaches to classify college programs based 
on faculty bibliographical output have been published; among these, those based on data 
envelopment analysis stand out. The present work uses grey relational analysis based 
approach. Another difference is that the information is considered on a master’s program 
not yet accredited, that is, one that still needs to be evaluated by CAPES. A classification 
is established for this program in relation to the ones already accredited along with a 
way to identify the improvement points and an improvement factor for each attribute 
considered. The results indicate that the approach is efficient in relation to that based on 
traditional data envelopment analysis and suggest areas for future research in this area.
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Electronic Journal of Management & System
Volume 12, Number 4, 2017, pp. 391-400
DOI: 10.20985/1980-5160.2017.v12n4.806

392

1. INTRODUCTION

The role of education as a key element to alleviate many 
national social problems is increasingly acknowledged in 
Brazil. The Brazilian government is currently seeking to mo-
dify its policies at various school levels. This effort requires 
better ways to evaluate educational programs, to enable po-
licymakers to reach informed decisions (Leite et al., 2006).

Particularly at the college level, the evaluation of educa-
tional performance is generally focused on results. This is 
even more so in the evaluation of postgraduate programs. 
Under the traditional “publish or perish” dictum, the main 
aim of researchers associated with master’s and doctoral 
programs is currently aimed at definitive publications, that 
is, at writing books, book chapters or papers in scientific 
journals. Other factors besides productivity are considered; 
however, scientific production is the leading criterion (Leite 
et al., 2006; Moreira, 2008).

Many new universities have sprung up significantly due 
to the current plan for university restructuring (REUNI – 
“Reestruturação Universitária”, in Portuguese) and the plan 
for spreading access to higher education on the outskirts of 
the country’s main cities, thus expanding the number of pro-
fessors needed to make up their faculties. It is natural that, 
in this growth process, professors and administrators feel 
motivated to expand their programs beyond offering under-
graduate degrees, by developing postgraduate programs as 
well. Logically these initiatives start with establishment of 
mastering programs, and then expand to doctoral programs. 
However, these new programs will unavoidably be evalua-
ted in relation to the existing ones and their performance 
will thus be compared to that of traditional benchmark pro-
grams (Martins, 2002; Moreira, 2008). 

Because of this need to identify benchmark programs, 
various works have proposed alternative approaches other 
than those in use by Coordination for the Improvement of 
Higher Education Personnel (CAPES). Among these approa-
ches, the standouts are those based on data envelopment 
analysis (DEA) (Meza et al., 2003; Lins et al., 2004; Mello 
et al., 2008; Lobianco et Meza, 2008). These works identi-
fy benchmark programs in their respective academic fields, 
based particularly on aspects associated with productivity. 
Different approaches based on SWOT (Neves et Costa, 
2006a), and ELECTRE (Miranda et Almeida, 2004; Neves et 
Costa, 2006b) are also proposed; however, the DEA ones are 
considered the most appropriated to deal with this type of 
problem.

Although the identification of benchmarks among post-
graduate programs and the evaluation of their performance 
are not new subjects; however, the analysis of the insertion 
of a program not yet accredited in a determined field is. The 

contributions of the present paper to research on the eva-
luation of postgraduate programs are: (i) the identification 
of improvement points; and (ii) the positioning of a new pro-
gram, that is, of a program pending evaluation for accredi-
tation by CAPES, in relation to programs already approved. 
Another difference in relation to the traditional approaches 
used is the employment of grey relational analysis (GRA) to 
rank postgraduate programs. The GRA-based approach is, 
from a computational perspective, more efficient than the 
traditional DEA approach.

The paper is organized into five sections, including this 
introduction. The second section presents the concepts of 
grey relational analysis and the structure for evaluating post-
graduate programs based on it. The third section features 
the data considered in the analysis and the results obtained. 
The fourth section discusses and compares the classifica-
tion of the programs under analysis between grey relational 
analysis and data envelopment analysis. The fifth section 
presents the conclusion.

2. GREY THEORY

Grey systems theory was proposed by Professor Julong 
Deng (1982). The idea behind this theory is that data, such 
as the operational characteristics, mechanisms, structures 
and behavior of a determined system, are assumed to be 
deterministic and partially known. The behavior of the sys-
tem is explored by relational analyses and construction of 
models (Lin et al., 2003; Wu et al., 1984 apud Chang et al., 
2001). 

Traditionally, a totally unknown system, without any data, 
is represented by a “black box”. In contrast, a system, about 
which full information is available, is considered a “white 
box”. Finally, systems featuring incomplete data are called 
grey systems. The grey elements are those with incomplete 
information, and a grey relation is one with incomplete in-
formation (Liu et Lin, 2006). 

The aim of the present work is to establish grey relations 
by means of grey relational analysis.

2.1. Grey Relational Analysis

As a measurement technique, GRA aims to determine the 
relationship between a reference observation and compari-
son (or standard) observations. This relationship is establi-
shed by means of grey relational coefficients (GRC) and grey 
relational grades (GRG) (Huang et Lee, 2004; Lin et al., 2009).

Consider a set of observations , where  is a reference ob-
servation and  are the observations to be compared with it. 
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Each observation  has n attributes and is denoted by . Ge-
nerally, all the attributes must be processed in advance to 
normalize their values. This normalization is done as follows:

1. If the attribute of the series is of the higher-the-bet-
ter type, then the normalization is performed accor-
ding to the following formula:

(1)

Here  is the value of attribute j associated with series 
i and  is the normalized value of attribute j of the series 
p. This formulation measures the effectiveness of the upper 
bound.

2. If the attribute is of the lower-the-better type, then 
the normalization is performed according to the fol-
lowing formula:

(2)

Just as in the first formulation,  is the value of attri-
bute j associated with series i and  is the normalized va-
lue of attribute j of the series p. This formulation measures 
the effectiveness of the lower bound.

3. If the attribute is the nearer the reference the better, 
then the normalization is performed in the following 
form:

(3)

The normalization presented in formula (3) means that 
the nearer the value of the attribute of the comparative se-
ries is to the pre-specified value, ; the nearer to 1 the 
normalized the value will be.

After this preliminary normalization process of each attri-
bute of each series, the GRC is calculated, as follows:

(4)

where  is traditionally assumed to be equal to 
0.5 (Deng, 1989; Zuo, 1995), i = j = 1, 2, ..., m and k = p = 1, 
2, ..., n. 

The GRC can be seen as the degree of similarity between 
attribute p of series i and attribute p of the standard series. 
The nearer this is to one, the greater the similarity is and the 
nearer to zero, the less the similarity is.

After the relational coefficients are calculated for each 
attribute of each series, the next step is to calculate the grey 
relational grade (GRG), as shown below.

(5)

where  is the weight associated with the relational 
coefficient k, remembering that for each series there will 
be a relational coefficient for each attribute. Therefore, the 
weights  reflect the importance of each attribute k and 

.

In this way, the series that has the highest grey relational 
grade is ranked higher than the others. Based on this con-
cept, a ranking is established among the postgraduate pro-
grams evaluated by CAPES.

3. POSTGRADUATE PROGRAM CLASSIFICATION 
BASED ON GRA

As mentioned, the aim of this paper is to present a diffe-
rent approach to classify postgraduate programs accredited 
by CAPES, specifically a ranking based on the academic pro-
ductivity of these programs. 

In line with the discussion of GRA, the following setup is 
used to analyze the postgraduate programs:

a) Each program is considered a series;

b) The standard series is established based on the best 
attributes of all the series;

c) The attributes considered for each series are those 
shown in the comparative tables supplied by CAPES 
regarding bibliographical production.

The elements of the bibliographical production conside-
red by CAPES (2007) are: (i) complete articles published in 
technical or scientific periodicals; (ii) books and book chap-
ters.

The periodical articles are further classified, based on the 
comparative table of 2004, 2005 and 2006, as: (i) Interna-
tional A, B and C; (ii) National A, B and C; and (iii) Local A, B 
and C. 

Books and chapters have the following sub-classification: 
(i) full text; (ii) chapters; (iii) collections; and (iv) short ar-
ticles, such as in encyclopedias and other reference books, 
and others.
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All the above-mentioned data were provided by CAPES 
(2007), based on the triennial evaluation.

From the programs recommended by CAPES, we only 
considered those issuing academic master’s degrees. The 
reason for this filter is that the program pending accredita-
tion is a master’s program in business administration. Be-
cause of this, it would not be coherent to draw comparisons 
with established doctoral programs or professional master’s 
programs instead.

The programs considered are shown in Table 1 below, 
together with the criteria adopted to classify the programs.

In the table above, Faculty Members is related to the 
number of permanent professors in the program; Disser-
tations is related to the number of dissertations presented 
in the three years studied (2004, 2005 and 2006); Interna-
tional Periodicals refers to the number of articles published 
in international periodicals during this period; Brazilian Pe-
riodicals refers to the number of articles published in Brazi-
lian periodicals in the period; Local Periodicals refers to the 

number of articles published in periodicals with local circu-
lation; and Book Chapters and Others refers to the number 
of books, chapters, short reference articles, collections, etc. 
published in the period. The last line (in yellow) corresponds 
to the new program whose organizers intend to register it 
with CAPES, seeking to obtain accreditation.

According to the methodology presented, the data in Ta-
ble 1 first had to be normalized for each program, conside-
red to be an observational unit.

For the Faculty Members criterion, the normalization 
mode was the nearer the ratio between the Dissertations 
and Faculty Members was to 5, the better the program, 
meaning the application of equation (3). For the other cri-
teria, the normalization was of the higher-the-better type, 
meaning application of equation (1). Table 2 presents the 
normalized figures for each series.

The normalization performed for the dissertation/pro-
fessor ratio was based on our belief that five students per 
faculty advisor is an optimal ratio. However, this reference 

Table 1. Information on the master’s programs

Institution’s 
acronym

Faculty  
members Dissertations International 

periodicals
Brazilian  

periodicals
Local  

periodicals
Books, chapters 

and others
UNISINOS 13 71 2 33 2 15

USP/RP 16 20 8 34 11 26
UFSC 16 123 4 36 1 39

PUC/SP 13 102 2 23 2 50
UNIFOR 13 54 0 34 1 8

FURB 11 60 1 47 4 47
PUC/RS 11 0 0 6 2 8

UEM 11 62 0 18 0 11
FJP 13 79 1 15 6 27

UNINOVE 12 48 1 44 2 31
IMES 12 57 0 12 5 17

UNIFACS 11 62 1 12 1 13
UNIP 11 18 0 7 1 8
UFU 10 27 0 10 0 4

UFSM 10 28 4 10 1 13
UNIR 10 0 0 1 0 1
FNH 10 0 1 31 2 20
UECE 10 0 0 6 3 10
UFV 10 1 1 14 1 7

UMESP 10 2 1 6 5 17
UNISANTOS 9 46 0 15 13 26

UCS 9 0 1 1 0 4
UNICENP 9 6 3 18 1 20
UFPB/J.P. 8 39 0 6 0 3

UFRPE 8 18 0 7 0 26
UFES 8 31 0 12 0 16
NEW 9 18 3 5 18 6

Source: The authors adapted it from CAPES (2007)
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value can be changed as suitable, depending on the program 
and circumstances.

From the normalized data, the grey relational coefficients 
were then calculated according to equation (3). Table 3 
shows these coefficients for each criterion of each series. 
The nearer to 1 the GRC is, the nearer the criterion associa-
ted with the series under analysis is to the target criterion 
associated with the standard series.

The next step was to use the grey relational coefficients 
to calculate the grey relational grades of each series with 
the standard series. At this initial moment, the GRG was cal-
culated according to equation (4), considering the weights  
as being equal, that is, without making any distinction with 
respect to the importance of each attribute. Based on this 
assumption, the postgraduate programs were ranked as 
shown in Table 4.

This table shows the grey relational grade. The nearer this 
is to 1, the nearer the program is to the standard program, 
whose normalized attributes are all equal to 1. This allowed 
ranking the programs.

According to the ranking shown above, the program pen-
ding presentation for accreditation would be in eighth place. 
Obviously, this analysis is based on the criterion of bibliogra-
phical production, considering that the importance of each 
type of production is the same, meaning the same weight. 
This weighting scheme was also considered in the work of 
Lobianco et Meza (2008). However, this does not impair the 
proposal presented in this article, as it is clarified in the next 
section, which discusses the results obtained. Notice that, 
if one intends to consider the importance of each kind of 
bibliographical production, one can do that considering dif-
ferent weights in equation 5, i.e., one can consider different 
values for .

Table 2. Normalized data

Institution’s 
acronym

Faculty  
members Dissertations International 

periodicals
Brazilian  

periodicals
Local  

periodicals
Books, chapters 

and others
UNISINOS 0.94 0.58 0.25 0.70 0.11 0.29

USP/RP 0.52 0.16 1.00 0.72 0.61 0.51
UFSC 0.66 1.00 0.50 0.76 0.06 0.78

PUC/SP 0.64 0.83 0.25 0.48 0.11 1.00
UNIFOR 0.89 0.44 0.00 0.72 0.06 0.14

FURB 0.94 0.49 0.13 1.00 0.22 0.94
PUC/RS 0.36 0.00 0.00 0.11 0.11 0.14

UEM 0.92 0.50 0.00 0.37 0.00 0.20
FJP 0.86 0.64 0.13 0.30 0.33 0.53

UNINOVE 0.87 0.39 0.13 0.93 0.11 0.61
IMES 0.97 0.46 0.00 0.24 0.28 0.33

UNIFACS 0.92 0.50 0.13 0.24 0.06 0.24
UNIP 0.57 0.15 0.00 0.13 0.06 0.14
UFU 0.71 0.22 0.00 0.20 0.00 0.06

UFSM 0.72 0.23 0.50 0.20 0.06 0.24
UNIR 0.36 0.00 0.00 0.00 0.00 0.00
FNH 0.36 0.00 0.13 0.65 0.11 0.39
UECE 0.36 0.00 0.00 0.11 0.17 0.18
UFV 0.38 0.01 0.13 0.28 0.06 0.12

UMESP 0.39 0.02 0.13 0.11 0.28 0.33
UNISANTOS 0.99 0.37 0.00 0.30 0.72 0.51

UCS 0.36 0.00 0.13 0.00 0.00 0.06
UNICENP 0.45 0.05 0.38 0.37 0.06 0.39
UFPB/J.P. 0.98 0.32 0.00 0.11 0.00 0.04

UFRPE 0.65 0.15 0.00 0.13 0.00 0.51
UFES 0.86 0.25 0.00 0.24 0.00 0.31
NEW 0.62 0.0081 0.38 0.09 1.00 0.10

Source: The authors
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4. RESULTS AND DISCUSSION

Table 5 compares the classification obtained by grey rela-
tional analysis with that established by CAPES, without con-
sidering the new program. In this table, the ranks were ob-
tained based on the score given by CAPES to the programs. 
As can be seen, there are many programs with the same 
score. Therefore, the criterion of the average of tied ranks 
was used to establish the position of the programs with the 
same scores.

An analysis of the correlation between the classifica-
tions obtained by the two methods produced a Spearman 
correlation coefficient of p = 0.654, considered a weak cor-
relation. 

A possible explanation for this weak correlation between 
the rankings is that CAPES considers other factors, of a more 
subjective nature, to assign scores to the programs. Never-

theless, despite the differences in the rankings, the grey re-
lational coefficients show how much the attributes of each 
program need to improve to attain the values assigned to 
the standard program, characterized by the standard series.

For example, with respect to the levels of the criteria for 
the new program, specifically the normalized indices, the 
improvement needed to attain the indices of the standard 
series are shown by the factors in Table 6.

The interpretation of these factors is as follows: for each 
of the criteria presented in Table 6, for the new program 
to match the standard program, each of its production cri-
teria has to be multiplied by the corresponding factor. For 
example, in the case of the number of publications in inter-
national journals, the new program’s production will have 
to rise 2.67 times. The same interpretation is held for the 
other criteria.

Table 3. Grey relational coefficients

Institution’s acronym Faculty  
members Dissertations International 

periodicals
Brazilian 

periodicals
Local  

periodicals
Books, chapters 

and others
UNISINOS 0.89 0.54 0.40 0.62 0.36 0.41

USP/RP 0.51 0.37 1.00 0.64 0.56 0.51
UFSC 0.59 1.00 0.50 0.68 0.35 0.69

PUC/SP 0.58 0.75 0.40 0.49 0.36 1.00
UNIFOR 0.82 0.47 0.33 0.64 0.35 0.37

FURB 0.90 0.49 0.36 1.00 0.39 0.89
PUC/RS 0.44 0.33 0.33 0.36 0.36 0.37

UEM 0.86 0.50 0.33 0.44 0.33 0.39
FJP 0.78 0.58 0.36 0.42 0.43 0.52

UNINOVE 0.80 0.45 0.36 0.88 0.36 0.56
IMES 0.94 0.48 0.33 0.40 0.41 0.43

UNIFACS 0.86 0.50 0.36 0.40 0.35 0.40
UNIP 0.54 0.37 0.33 0.37 0.35 0.37
UFU 0.63 0.39 0.33 0.38 0.33 0.35

UFSM 0.64 0.39 0.50 0.38 0.35 0.40
UNIR 0.44 0.33 0.33 0.33 0.33 0.33
FNH 0.44 0.33 0.36 0.59 0.36 0.45
UECE 0.44 0.33 0.33 0.36 0.38 0.38
UFV 0.44 0.34 0.36 0.41 0.35 0.36

UMESP 0.45 0.34 0.36 0.36 0.41 0.43
UNISANTOS 0.97 0.44 0.33 0.42 0.64 0.51

UCS 0.44 0.33 0.36 0.33 0.33 0.35
UNICENP 0.48 0.34 0.44 0.44 0.35 0.45
UFPB/J.P. 0.97 0.42 0.33 0.36 0.33 0.34

UFRPE 0.59 0.37 0.33 0.37 0.33 0.51
UFES 0.78 0.40 0.33 0.40 0.33 0.42
NEW 0.57 0.34 0.44 0.35 1.00 0.36

Source: The authors 
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Table 4. Grey relational grade and program ranking

Rank Institution’s acronym r
1 FURB 0.67
2 UFSC 0.63
3 USP/RP 0.60
3 PUC/SP 0.60
4 UNINOVE 0.57
5 UNISANTOS 0.55
6 UNISINOS 0.54
7 FJP 0.52
8 NEW 0.51
9 IMES 0.50
9 UNIFOR 0.50

10 UNIFACS 0.48
10 UEM 0.48
11 UFPB/J.P. 0.46
12 UFSM 0.44
12 UFES 0.44
13 FNH 0.42
13 UNICENP 0.42
13 UFRPE 0.42
14 UFU 0.40
15 UMESP 0.39
15 UNIP 0.39
16 UFV 0.38
17 UECE 0.37
17 PUC/RS 0.37
18 UCS 0.36
19 UNIR 0.35

Source: The authors

4.1. Comparison with the DEA-based Approach

The main purpose to proceed this comparison is because 
the DEA is the approach widely considered to achieve post-
-graduate program analysis (Lins et Meza, 2000; Meza et al. 
2003; Lins et al., 2004; Mello et al. 2006, Mello et al., 2008; 
Lobianco et Meza, 2008).

The DEA technique, developed by Charnes et al. (1978), 
is an approach based on linear programming aimed to cal-
culate the maximum efficiency of the decision making unit 
(DMU) under analysis. Such maximum efficiency is a relative 
measure, not an absolute one. In other words, it is calcula-
ted in relation to all the DMU under analysis. The traditional 
model is known as CCR due to the initials of its inventors, 
Charnes, Cooper and Rhodes (Lins et Meza, 2000).

Table 5. Paired Ranking (CAPES x Γ)

Institution’s Acronym CAPES Γ
UNISINOS 1 6

USP/RP 5 3

UFSC 5 2

PUC/SP 5 3

UNIFOR 5 9

FURB 5 1

PUC/RS 5 17

UEM 5 10

FJP 17.5 7

UNINOVE 17.5 4

IMES 17.5 9

UNIFACS 17.5 10

UNIP 17.5 15

UFU 17.5 14

UFSM 17.5 12

UNIR 17.5 19

FNH 17.5 13

UECE 17.5 17

UFV 17.5 16

UMESP 17.5 15

UNISANTOS 17.5 5

UCS 17.5 18

UNICENP 17.5 13

UFPB/J.P. 17.5 11

UFRPE 17.5 13

UFES 17.5 12
Source: The authors

Table 6. Improvement criteria factors for the new program.

Faculty 
mem-
bers*

Interna-
tional peri-

odicals

Brazilian 
periodi-

cals

Local 
periodi-

cals

Books, 
chapters 

and others
1.62 2.67 11.50 1.00 9.80

*The factor concerned to the Faculty Members is 1.62 if one considers 
that the number of student will stay equal to 18

s.t.

    (5)
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where  is the output level y of DMU k,  is the input 
level x of DMU k, is the weight attributed to output y,  
is the weight attributed to input x, and  is the efficiency 
measure of DMU 0, i.e., of the DMU under analysis.

The model represented by formula (5) is applied as many 
times as there are DMU under analysis. For more details on 
DEA models, see Charnes et Cooper (1990). 

The above model was applied to the programs presented in 
Table 1, considering the number of professors as the input fac-
tor and the respective literature production values as the output 
factor (Lobianco et Meza, 2008). The result is shown in Table 7.

In this table, the more efficient programs are classified 
higher than the others. In other words, the programs with 
efficiency equal to 100% are called benchmark programs 
and are on the efficiency frontier. The other programs are 
within, or enveloped by, this efficiency frontier.

Table 7. DEA efficiency level

Institution’s acronym Efficiencies (%)
NEW 100

UNISANTOS 100
FURB 100

PUC/SP 100
USP/RP 100

UFSC 100
UFSM 92.74

UNICENP 90.1
UNINOVE 86.4

FJP 86.33
UNISINOS 82.07

FNH 76.32
UFRPE 76.06
UEM 73.27

UNIFACS 71.84
UNIFOR 69.22

IMES 68.93
UFPB/J.P. 62.13
UMESP 55.78

UFES 55.21
UFV 40.53
UFU 37.4
UECE 29.21
UNIP 24.34
UCS 23.94

PUC/RS 20.26
UNIR 2.34

Source: The authors

Table 8 shows the results of comparing the rankings ob-
tained by the DEA, without considering the presence of the 

new program, against the classifications established by CA-
PES.

Table 8. Paired position (CAPES vs. DEA)

Institution’s acronym CAPES DEA
UNISINOS 1 6

USP/RP 5 1

UFSC 5 1

PUC/SP 5 1

UNIFOR 5 11

FURB 5 1

PUC/RS 5 21

UEM 5 9

FJP 17.5 5

UNINOVE 17.5 4

IMES 17.5 12

UNIFACS 17.5 10

UNIP 17.5 19

UFU 17.5 17

UFSM 17.5 2

UNIR 17.5 22

FNH 17.5 7

UECE 17.5 18

UFV 17.5 16

UMESP 17.5 14

UNISANTOS 17.5 1

UCS 17.5 20

UNICENP 17.5 3

UFPB/J.P. 17.5 13

UFRPE 17.5 8

UFES 17.5 15
Source: The authors

As before, the rankings were established considering the 
ties, to facilitate the statistical analyses based on rankings. 
From the ranks established for the programs, the Spearman 
correlation coefficient can be calculated between the clas-
sifications. For the data in Table 8, this coefficient is p = – 
15.76.  This means there is a weak correlation between the 
rankings obtained by DEA and those established by CAPES 
(Sheskin, 2004).

Table 9 shows the comparison of the classifications, now 
considering the presence of the new program in both cases 
(data envelopment analysis and grey relational analysis).
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Table 9. Paired position (DEA vs. GRA)

Institution’s acronyms DEA Grey
FURB 3.5 1
UFSC 3.5 2

USP/RP 3.5 3.5
PUC/SP 3.5 3.5

UNINOVE 9 4
UNISANTOS 3.5 6
UNISINOS 11 7

FJP 10 8.5
NEW 3.5 8.5
IMES 17 10.5

UNIFOR 16 10.5
UNIFACS 15 12.5

UEM 14 12.5
UFPB/J.P. 18 14

UFSM 7 15.5
UFES 20 15.5
FNH 12 18

UNICENP 8 18
UFRPE 13 18

UFU 22 20
UMESP 19 21.5
UNIP 24 21.5
UFV 21 23

UECE 23 24.5
PUC/RS 26 24.5

UCS 25 26
UNIR 27 27

Source: The authors

Finally, the test of signs presented by Montgomery et 
Runger (2003) was performed. The result obtained was . A 
comparison of this value with the table value for α=0.05 and 
n=27 for a single-tailed test showed a critical value of 8. Since 
the value calculated is higher than the critical value, the null 
hypothesis cannot be rejected, that is, it cannot be said with 
95% confidence that the two approaches used to classify the 
master’s in business administration programs produce differ-
ent results. In other words, the two approaches are statistical-
ly equal. The correlation coefficient between the two classifi-
cations was p = 0.86, which is a good correlation. 

5. CONCLUSIONS

The results obtained by grey relational analysis proved to be 
coherent with the data envelopment analysis approach. Howe-
ver, in terms of computational complexity, grey relational analy-
sis is simpler and requires less computational cost. The reason 
is that, for DEA, a linear programming model has to be resolved 
for each DMU under analysis. On the other hand, grey relatio-
nal analysis exclusively uses normalization procedures.

Another factor that deserves to be mentioned is that all 
the attributes in our analysis were weighted equally. In the 
data envelopment analysis technique, as presented by Lo-
bianco et Meza (2008), different weights are considered in 
the model according to the needs of the DMU under analy-
sis. That is, if one of the attributes contributes more for a 
particular DMU so that it is considered more efficient, this 
attribute will receive greater weighting than the other that 
can have a negative contribution. This latte can be unconsi-
dered in the analysis, i.e., the model can consider a weight 
equal to zero. 

In the DEA classification, the new program was conside-
red 100% efficient. This can be related to the distribution 
of the weights when resolving the linear programming pro-
blems. Traditional models tend not to weight the attributes 
that impair the performance of the DMU under analysis. In 
these cases, the model tends to attribute a weight of zero 
to these attributes, as mentioned above. In contrast, in es-
tablishing the grey relational analysis for this case, all the 
attributes considered were equally weighted. However, this 
can be modified if there is information about the relative im-
portance of each attribute to be considered in the analysis.

Other studies based on DEA with other models have 
been conducted, including: (i) cross evaluation (Meza et al., 
2003), (ii) variable returns to scale (Faria et al., 2008), and 
(iii) weights restriction (Mello et al., 2006). The proposals of 
these models intend to provide results that incorporate im-
portant characteristics, such as: (i) distinction of the weights 
associated with different types of publication; (ii) variation 
in terms of the number of professors as being a possible 
scale variation; (iii) time in existence as being a possible 
scale variation; and (iv) greater distribution discriminatory 
power of the DMU by means of cross evaluation. These are 
some examples associated with the different possible uses 
of other models based on DEA. However, these models tend 
to become more complex as more characteristics are incor-
porated, and other shortcomings can be addressed to them. 
Obviously, DEA models have many issues that can lead to im-
portant analysis. In spite of that, for simple initial approach, 
GRA can be considered an alternative method for easily hel-
ping in this kind of decision making.
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