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ABSTRACT

This paper presents a method to estimate institutional environment indexes using fuzzy modeling. Because of
the complexity of the subject, institution, elements associated with this thinking are difficult to measure and
compare. In order to address this problem, this research presents how a fuzzy inference system works and
how to create institutional indexes from it. While methods that analyze institutional environments generally use
secondary data from countries or regions provided by international organizations, the illustrative case applied
to aquaculture in Brazil demonstrates the effectiveness of using this method to generate indexes related to the
subject from primary data collected at the firm level. Furthermore, the combined use of this method with others
already used in the institutional literature can be valuable both for researchers and public policy makers who
seek to increasingly understand the role of institutions in economic performance.

e Uses a Mamdani expert system of MIMO type to estimate institutional indexes.
o Institutional ambient scores related to tilapia production in Brazil are presented.
e The combined use of the method with others can be valuable for the research field.
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Specifications Table

Subject Area; Economics and Finance

More specific subject area; Institutions

Method name; Estimation of fuzzy institutional indexes

Name and reference of original Mamdani fuzzy inference system

method; Mamdani, E.H., 1977. Application of Fuzzy Logic to Approximate Reasoning Using

Linguistic Synthesis. IEEE Transactions on Computers, C-26(12), 1182-1191.
https://doi.org/10.1109/TC.1977.1674779
Resource availability; MATLAB®

Method overview

Institutions have broad concepts that render them difficult to define and are used by several
research fields, such as economics, philosophy, sociology, politics, and geography. Even today, its
complexity provides conflicting definitions [1]. The literature reveals a list of analytical elements that
are difficult to measure or compare given their intrinsic qualitative nature and, therefore, involve a
certain degree of human judgment, for example, quality of policies and laws, contract and property
rights enforcement, norms, customs, tradition, power, leadership, trust, reciprocity, and access and
availability of resources [2].

In order to address this problem, this study presents a novel method for estimating institutional
environment indexes using fuzzy modeling in four perspectives (relational, economic, social, and
local) applied in an illustrative case of Brazilian aquaculture. This method allows modeling different
indicators and indexes that can be used in conjunction with other methods to help measure the role
of institutions in economic performance.

As demonstrated in the case applied, this model has the particular ability to process data and
information collected at the firm level (micro-level). This expands the field of research of institutions
beyond the usual institutional analyses that use secondary data (usually provided by international
organizations) and are oriented to analysis at the level of countries and regions [3-5]. Parallel to this,
the use of fuzzy systems in this field can also be significantly useful to (re)shape the proxies used as
inputs in econometric models such valuable and widely applied to measure the impact of institutions
on economy [6-9].

Materials and methods
Database and study area

The data were collected in Brazil, in the first quarter of 2019, through a survey directly answered
by tilapia production units (TPUs), in the states of Sdo Paulo (SP) and Mato Grosso do Sul (MS). In
total, 36 TPUs answered the questionnaire, 19 of them delimited to the productive zone of Ilha Solteira
(SP/MS) and the remaining 17 in 11 other cities of Sdo Paulo; therefore the data were tabulated and
processed as two different groups: Ilha Solteira and others of Sdo Paulo (Fig. 1).

Due to a methodological issue related to the size of the system (which will be presented further),
we have defined four contexts of institutional analysis in this research: (1) Relational, (2) Economic,
(3) Social and (4) Local. The first was based on one of the three dimensions of social capital, which
applied to the scope of firms proposed by Tsai and Ghoshal [10].! Thus, we seek to insert in the
model, more directly, relational aspects inherently immersed in the institutional field. The other
three contexts were based on the synthetic parameters of the ‘Local Institutional Context’ analytical
dimension proposed by Gereffi and Fernandez-Stark [11] for the analysis of Global Value Chains (GVC),
and also in the Miranda and Wagner [12], Dollar et al. [13] Dollar and Kidder [14] studies. Table 1
presents these four contexts, with their respective indicators described.

1 For the author, social capital covers several aspects of a social context. In the relational dimension, the properties that
sustain relationships, such as trust and reciprocity, are highlighted. The other two interrelated dimensions proposed by the
author were Structural and Cognitive.
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Fig. 1. Research spatial distribution. Indicates the cities where the interviewed TPUs are located.

Table 1
Contexts and indicators for institutional environment fuzzy indexes.
Context Indicators FIS Inputs Description
Relational Trust Scale Conf. Level of confidence of the producer in its trading partners
Frequency of change of FMudPar. Frequency scale of change business partners by the
business partners producer
Compliance with trade Occurrence of non-compliance with trade agreements,
deals CumpAcord.  characterized by the evaluation of default as a difficulty in

commercialization of the product

Economic Quality of Infra. Evaluation of the quality of roads in the region
infrastructure
Availability of financial DispRec. Existence or not of banks or other institutions
resources (development agencies, credit unions, etc.) that offer
financing for the activity
Access to financial AcesRec. Occurrence or not of factor that restricts access to market
resources credit, when available in the region (i.e. non-compliance
with laws)
Social Manager’s level of NivEsc. Education level of the TPU’s manager
education
Women's participation Mulh. Occurrence or not of women occupying the position of
in management manager
Availability of qualified DispMO. Evaluation of impact level of the availability of skilled
workforce labor as a barrier to activity
Local Environmental LegAmb. Evaluation of impact level of existing environmental
Legislation legislation as a barrier to activity
Operational Legislation LegOP. Evaluation of impact level of the process to obtain the
cession of union water use as a barrier to activity
Public Safety SegPub Evaluation of impact level of public safety as a barrier to

activity
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Fig. 3. Main elements of Fuzzy Inference System.

Regarding the complexity of the subject institutions, the use of four contexts and twelve indicators
described in this research do not seek to delimit everything that surrounds this phenomenon, but
rather to point out practical definitions for empirical analysis in aquaculture.

Method details: The configuration and functioning of the fuzzy inference system

The Iranian mathematician Lofti Asker Zadeh with the publication of the article “Fuzzy Sets” first
introduced the fuzzy sets theory in 1965. In this, the mathematician sought to solve the problem of
the imprecision of the human mind. By Zadeh'’s theoretical proposition, a fuzzy "A" set defined in the
universe of "X" discourse is characterized by a membership function, which maps the elements of X
to the interval [0,1] [15].

Thus, the membership function associated with each "X" element belonging to "X is an real-
number in the interval [0,1] that represents the degree of membership (adherence) of the "x" element
to the set "A" for each (Fig. 2).

Fuzzy set theory is used by fuzzy logic to extend traditional bi-value logic (true or false, yes or
no, and so forth) assuming that the true values are nebulous sets defined in the range 0-1. What
makes fuzzy logic powerful is its ability to model human thought, since it uses approximate reasoning
instead of precise reasoning. This logic provides a significant contribution to research using unclear
data, often expressed in linguistic terms, and quite close to human perception [16].

In recent decades, fuzzy logic and fuzzy systems have been widely adopted in the scientific
community, since they are input-output models where input variables do not have exact values, but
present influential probabilities of each variable on the final outcome [17].

A Fuzzy Inference System (FIS) is a system that maps inputs and processes them based on pre-
established rules producing outputs. The architecture of this system can divide into four key elements:
fuzzification, rules base, fuzzy inference and defuzzification [18].

Synthetically a FIS can also be understood as an inference process based on fuzzy rules (or
approximate reasoning) of the "IF-THEN" type, which connects antecedents and consequents, making
use of membership functions and fuzzy operators [19].

Fig. 3 represents the main elements of a FIS. In the fuzzing stage, crisp values translated into
fuzzy values, which are determined by the degrees of adherence to the membership functions that
are in turn connected to the linguistic variables. The rule base is a structure of linguistic statements
of the type "[F-THEN" that stocks all the knowledge of the system. In the inference module, the fuzzy
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values obtained and processed by inference methods, where operations of implication, composition
and aggregation of rules occur. Finally, defuzzification transforms, through different techniques, the
aggregation results of the previous step into crisp values [20,21].

For research purposes, two fuzzy expert systems were implemented with the support of MATLAB®
R2018a software. The fuzzy expert system is the most popular of the knowledge-based systems, where
knowledge is described by a set of instructions, for example, IF-THEN rules. IF-THEN rule systems are
most widely used in the processing and representing fuzzy knowledge [22].

Each one of the two FIS contains six inputs and two outputs, FIS 1 is composed of the inputs
relating to the relational and economic context (Fig. 4), and the FIS 2 of the inputs relating to the
social and local context (Fig. 5). The two systems generate four outputs that represent indexes of the
institutional environment of tilapia farming in their respective contexts.

As previously mentioned, the choice of using four analytical contexts for the institutional
environment was due to operational issues of model size. If we chose to use in a single FIS all
twelve inputs (without division into contexts) with a single output (representing a single institutional
environment index) the total of rules at the base of the system would be enormous, with more than
194,000 rules. This methodological alternative of fuzzy sub-indexes using two FIS also facilitates the
operational work of inserting a large number of rules into the software.

In this research, given the characteristics of the indicators and the linguistic variables associated
with them, the FIS inputs have taken on triangular and singleton membership function (MF) forms.
The outputs took on strictly triangular functions. Eqgs. (1) and 2 represent these two kinds of MFs,
with parameters (a,m,b), being a < m < b, with a, m, b and x belonging to the universe set U.

0, x<a
X0 g ox<m
Triangular : pa(X) = gfbf;(a)) == 1)
(b-m)° m §X§b
0, x>b
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Table 2
Transformation of antecedent linguistic terms into fuzzy
numbers.

Terms Fuzzy Numbers

5 Terms 3 Terms 2 Terms

Very Low (0, 0, 0.25) e E—

Low (0, 0.25, 0.5) (0,0,05) (0)
Medium (0.25,05,075) (0,05 1) ———
High (05, 0.75, 1) (05 1,1) (1)

Very High  (0.75, 1, 1) P o

Table 3
Transformation of consequent linguistic terms
into fuzzy numbers.

Terms Fuzzy Numbers

Very Low (0, 0, 25)

Low (0, 25, 50)

Medium (25, 50, 75)

High (50, 75, 100)

Very High (75, 100, 100)

Table 4
Inference rules for relational context.

Rule
Number Inference Rules
1 IF < (Conf is H) and (FMudPar is H) and (CumpAcord is H) > THEN < (Relational VH)>
2 IF < (Conf is H) and (FMudPar is H) and (CumpAcord is L) > THEN < (Relational H)>
3 IF < (Conf is H) and (FMudPar is L) and (CumpAcord is H) > THEN < (Relational H)>
4 IF < (Conf is L) and (FMudPar is H) and (CumpAcord is H) > THEN < (Relational H)>
5 IF < (Conf is M) and (FMudPar is H) and (CumpAcord is H) > THEN < (Relational H)>
6 IF < (Conf is H) and (FMudPar is M) and (CumpAcord is H) > THEN < (Relational H)>
7 IF < (Conf is M) and (FMudPar is H) and (CumpAcord is L) > THEN < (Relational M)>
8 IF < (Conf is H) and (FMudPar is M) and (CumpAcord is L) > THEN < (Relational M)>
9 IF < (Conf is M) and (FMudPar is M) and (CumpAcord is L) > THEN < (Relational M)>
10 IF < (Conf is M) and (FMudPar is L) and (CumpAcord is H) > THEN < (Relational M)>
1 IF < (Conf is L) and (FMudPar is M) and (CumpAcord is H) > THEN < (Relational M)>
12 IF < (Conf is M) and (FMudPar is M) and (CumpAcord is H) > THEN < (Relational M)>
13 IF < (Conf is L) and (FMudPar is L) and (CumpAcord is H) > THEN < (Relational L)>
14 IF < (Conf is H) and (FMudPar is L) and (CumpAcord is L) > THEN < (Relational L)>
15 IF < (Conf is L) and (FMudPar is H) and (CumpAcord is L) > THEN < (Relational L)>
16 IF < (Conf is M) and (FMudPar is L) and (CumpAcord is L) > THEN < (Relational L)>
17 IF < (Conf is L) and (FMudPar is M) and (CumpAcord is L) > THEN < (Relational L)>
18 IF < (Conf is L) and (FMudPar is L) and (CumpAcord is L) > THEN < (Relational VL)>

Note: VL is very low; L is low; M is medium; H is high; VH is very high.

. . 1, ifx=m
Singleton : pa(X) = {O, otherwise (2)
According to the characteristics of each input and output of the systems, the functions connected
to the linguistic terms are: Very Low (VL), Low (L), Medium (M), High (H) and Very High (VH). The
transformation of the previous and consequent linguistic terms into fuzzy numbers through the MFs
are represented in Tables 2 and 3, respectively.
Rules bases of MIMO (Multiple-Input/Multiple-Output) type were used, composed by IF-THEN
rules, having a previous part (premise) and consequent part (conclusion) connected by the logical
connective (operator) “AND”, as shown in Table 4.
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Table 5
General causal mechanism between indicators and institutional environment.
Context Indicators Limits of institutional environment
Worst scenario Best scenario
Relational ~ Trust scale worst rating best rating
Frequency of change of business partners  high occurrence  non-occurrence
Compliance with trade deals non-occurrence occurrence
Economic Quality of infrastructure worst rating best rating
Availability of financial resources non-occurrence occurrence
Access to financial resources restricted unrestricted
Social Manager’s level of education illiterate post graduate
Women'’s participation in management non-occurrence occurrence
Availability of qualified workforce high impact non-impact
Local Environmental legislation high impact non-impact
Operational legislation high impact non-impact
Public safety high impact non-impact

Note: The logic of relationship between indicators and the quality of the institutional environment
was guided, in addition to the reinforcing of gender equality (female managers), by the economic
perspectives of increasing/reducing of transaction costs, labor productivity and barriers to entry
and exit.

The definition of the rules base, a central part of FIS, was constituted from deductive logical
reasoning based on economic analysis and the literature of the social capital [23,24] and transaction
cost economics [25]. It is important to highlight that with MATLAB®), it is possible to assign different
weights to each of the inserted rules, which gives a greater possibility of customization of the system.
No weights were set in this illustrative case, so all the rules had the same importance for the
generation of the indexes.

Table 5 shown the general causal mechanism between indicators and institutional environment.

In all, 85 rules constituted 38 for FIS 1 and 47 for FIS 2. In more detail, for the Fuzzy Index
of Institutional Environment in the Relational Context (FRI) rules were constructed referring to the
respective linguistic terms (L, M, H) of each of the three indicators, totalling 18 (3 x 3 x 2) rules. For
the Economic Context Index (FEI), 20 (5 x 2 x 2); Social (FSI), 20 (5 x 2 x 2) and Local (FLI), 27
(3 x 3 x 3). Table 4 presents the rules used for FRI in FIS 1, while Table 6 summarizes the 85 rules
used for both FIS.

When using rule bases such as those described above, conclusions should be based on all rules,
thus making it necessary to aggregate all individual relationships into one set of rules. For this
aggregation, several methods are used. However, most methods applied are Geramian et al. [20].

Although it is possible to apply either method through the MATLAB® software, the Mamdani
[26] method was chosen for this illustrative case, for two reasons. Firstly, the fuzzy output of the
system is accompanied by the membership function, which for this article leaves the presentation of
results more intuitive, in the method of Sugeno this does not happen. The second factor is that the
chosen method supports MIMO watering systems, while the other only MISO (Multiple-Input/Single-
Output)?.

When there are multiple precedents applied to a rule, the fuzzy operator (i.e., AND, OR, NOT) is
used to obtain a single number that represents the result of the previous evaluation. To evaluate the
disjunction (intersection) of the rule of precedent, the fuzzy operation "AND" is used, in an analogous
way for conjunction (union), the operator "OR" is used, while for complement (complement) the
operator is "NOT" [27]. These are expressed by the operations, where s is a S-norm and t is a T-norm:

Macp(®) = S{ia (x). (X)) = min{s (x). tp(x)} (intersection) (3)

2 For an illustrative case of comparison between the use of the two methods and a synthesis of the differences between
them see Hamam and Georganas [35] and Shleeg and Ellabib [36].
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Table 6
Summary of rules used for both FIS.
Relational Economic Social Local
IF THEN IF THEN IF THEN IF THEN
H-H-H VH VH-H-H VH VH-H-H VH H-H-H VH
H-H-L H H-H-H VH H-H-H VH L-H-H H
L-H-H H VH-L-H H VH-L-H H M-H-H H
H-L-H H VH-H-L H VH-H-L H H-L-H H
M-H-H H H-L-H H H-L-H H H-M-H H
H-M-H H H-H-L H H-H-L H H-H-L H
M-H-L M M-H-H H M-H-H H H-H-M H
H-M-L M L-H-H H L-H-H H L-M-M M
M-M-L M VH-L-L M VH-L-L M L-M-H M
M-L-H M M-L-H M M-L-H M L-H-M M
L-M-H M M-H-L M M-H-L M M-L-M M
M-M-H M VL-H-H M VL-H-H M M-L-H M
L-L-H L H-L-L L H-L-L L M-M-L M
H-L-L L M-L-L L M-L-L L M-M-M M
L-H-L L L-L-H L L-L-H L M-M-H M
M-L-L L L-H-L L L-H-L L M-H-L M
L-M-L L VL-L-H L VL-L-H L M-H-M M
L-L-L VL VL-H-L L VL-H-L L H-L-M M
L-L-L VL L-L-L VL H-M-L M
VL-L-L VL VL-L-L VL H-M-M M
L-L-M L
L-L-H L
L-M-L L
L-H-L L
M-L-L L
H-L-L L
L-L-L VL
Total of Rules 18 20 20 27
Note: VL is very low; L is low; M is medium; H is high; VH is very high.
Maus (%) = t{a (), mp(x)} = max{ra (x), pp(x)} (union) (4)
Heoay (X) = 1= pa(x) (complement) (5)

The logical operations are formed such that the function min and function max are among the
most applied. Although other functions such as product and probabilistic OR are also applicable in
the expression of these fuzzy operators, function min and function max are always simple, effective
and widely used [28].

Taking as a rule, of the type:

IFxis A; THENyisB;, i=1, ..., n (6)

In Mamdani's model, the outputs® are built by the superposition of the consequent individual
rules, of the type [29]:

R] . IF X1 is A] THEN W1 is B]

Ry : IFx; is A, THEN y, is B,

R; : IFx; is A; THEN y; is B; (7)

3 The inference of an output fuzzy value given an input value is only possible due to the generalized modus ponens rule, see
Hellendoorn [37].
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Being, A; e B; fuzzy subsets of universes U e V, each rule can be interpreted from as:

Ri = Ai®B; (8)
Where, ® is product operation. Being their membership function given by:

Mri(%,y) = min s (x), ppi(y)) 9)

In summary, according to each rule (8) control of a system (6), the method of Mamdani used
all individual rules to compose them into fuzzy R relationship, to the whole system. Being the
aggregation operator represented by "u", we have [29]:

n n
R= Ui:l Ri =Ui=1 (Ai®By) (10)
With membership function ug(x,y):
n .
U, RiGx.y) = max{min(1a;(x). wgi()} (11)

Based on the compositional inference rule suggested by Zadeh [30], we have the output set B(y):

B'(y) = A'(x) oR(x,y) (12)
Being, “o” a compositional operator, whose membership function is given by:
up(y) (13)

Where, A is a t-norm operator.sss

After the inference module, defuzzification occurs, which consists in determining the crisp value,
that is, obtaining the best representation for the fuzzy output set, applying a defuzzification method
to the set B’ = U’(‘izl)B’i resulting from the aggregation of all fuzzy output sets B}, i=1,2, ..., k.
This way, defuzzification consists in converting the outputs of fuzzy rules into a crisp value, through
different schemes, being the main ones: center of area (CoA), center of gravity (CoG) and the mean of
maxima (MoM) [22].

In this illustrative case, the CoA method was used, also known as centroid. This method determines
the center of the fuzzy set area and returns the corresponding crisp value. The center of the area is
calculated by:

ket Ma (Xi) Xi
Yleet Ma (X))
Finally, the fuzzy indexes of the institutional environment for each context are the outputs of the
FISs for each TPU. Bearing in mind that their values are defined in a range from 0 to 100, where 100
is considered the best possible institutional environment; conversely, given the context of analysis,
and analogously 0 is regarded as the worst.

CoA = (14)

Results

Tables 7 and 8, as well as Figs. 6 and 7, present the results of the research and validate the use of
the method in the task of estimating institutional environment indexes.

Some brief analysis can be made from the FIS outputs. In the relational context, there is a better
institutional condition of the companies of the Ilha Solteira group (73.8) compared to the other group
(59.0). The condition of a High (Fig. 6) relational institutional environment for the Ilha Solteira TPU’s
was due to better performance of the indicators of frequency of change of trading partners (FMudPar.)
and compliance with trade agreements (CumpAcord.).

The FEI and FSI indexes were not statistically different between the groups, with levels between
Medium and High for both. On the other hand, in the local context, the FLI of the other TPU’s in
the state of Sdo Paulo (37.2) indicated a better institutional environment (between Medium and Low)
compared to that of Ilha Solteira (19.2) with an environment evaluated between Low and Very Low,
as shown in Fig. 7. It is important to note that this context was the most critical among the four
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Table 7
Fuzzy indexes for TPUs of Ilha Solteira’s productive zone.

TPUs Fuzzy Indexes

b FRI FEI FSI FLI
1 25.0 75.0 50.0 25.0
2 92.0 50.0 50.0 8.0
3 50.0 50.0 36.1 8.0
4 75.0 50.0 50.0 25.0
5 25.0 25.0 50.0 25.0
6 75.0 63.5 75.0 25.0
7 75.0 75.0 75.0 8.0
8 50.0 25.0 29.5 25.0
9 92.0 92.0 78.2 25.0
10 75.0 75.0 25.0 8.0
11 92.0 92.0 63.8 25.0
12 92.0 75.0 75.0 25.0
13 92.0 92.0 50.0 8.0
14 92.0 50.0 29.5 50.0
15 92.0 772 75.0 8.0
16 92.0 92.0 75.0 8.0
17 75.0 75.0 36.1 25.0
18 92.0 75.0 50.0 25.0
19 50.0 62.4 62.5 8.0
Mean 73.8 66.9 54.5 19.2

Note: TPUs ID is tilapia production unit’s identification; FRI is fuzzy relational index; FEI is fuzzy
economic index; FSI is fuzzy social index; FLI is fuzzy local index.

Table 8
Fuzzy indexes for TPUs from other cities of Sdo Paulo.

TPUs Fuzzy Indexes
ID

FRI FEI FSI FLI
20 50.0 50.0 50.0 50.0
21 75.0 25.0 25.0 50.0
22 773 50.0 75.0 25.0
23 75.0 66.4 75.0 75.0
24 75.0 75.0 58.1 92.0
25 25.0 92.0 36.1 25.0
26 75.0 50.0 36.1 8.0
27 25.0 92.0 75.0 25.0
28 773 75.0 50.0 75.0
29 75.0 8.0 58.1 25.0
30 773 75.0 36.1 50.0
31 60.8 50.0 50.0 8.0
32 75.0 50.0 75.0 25.0
33 60.8 92.0 50.0 25.0
34 50.0 75.0 36.1 25.0
35 25.0 92.0 46.1 25.0
36 25.0 50.0 46.1 25.0
Mean 59.0 62.8 51.6 37.2

Note: TPUs ID is tilapia production unit’s identification; FRI is fuzzy relational index; FEI is fuzzy
economic index; FSI is fuzzy social index; FLI is fuzzy local index.

estimated for evaluating the institutional environment of fish farms, mainly because of the level of
environmental (LegAmb) and operational (LegOP) legislation indicators.

In General, environmental and water cession legislation were the key issues for this critical
environment. Despite the difference between the two groups, in broad terms both understood these
legislations as barriers, which would lead to a significant impact on the activity. The Compliance with
environmental regulations and water cession legislation are recognized bottlenecks in the chain, as
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pointed out in studies from other Brazilian regions such as Ribeiro [31], Pedroza Filho et al. [32],
Valenti et al. [33], Ribeiro and Pedroza Filho [34].

Conclusions

The article showed how a fuzzy inference system works and how to estimate institutional indexes
based on fuzzy logic. The illustrative case demonstrated how indicators created to evaluate an
institutional environment can be processed in an expert model. The fuzzy thinking can be useful
to better elucidate how institutional aspects of the most different theoretical schools influence the
economic performance in micro-level studies, and it is important to note that the method presented
can be used with those already prevalent in the research field. For example, it can be used as a
step before the use of econometric models, in order to re(model) its inputs. Nevertheless, it can also
stimulate new areas of research for several disciplines that take into account institutional thinking
being valuable for researchers and policy makers.

As the fuzzy logic provides a significant contribution to research using unclear data, often
expressed in linguistic terms, and quite close to human perception, its possibilities for use are
extensive. For example, fuzzy modeling can be useful for social sciences and applied social sciences
to analyze issues such as poverty, social capital and upgrading (economic, social or environmental).
As well, as studies involving more specific analysis such as governance, performance, risk (credit,
production or management) and decision-making processes.

Conflicts of Interest

The author declares that he has no known competing financial interests or personal relationships
that might have appeared to influence the work reported in this article.

Acknowledgments

This work was supported by IFTO (Federal Institute of Education, Science and Technology
of Tocantins, Campus Palmas). Also by BRSAqua Project, coordinated by Embrapa Fisheries and
Aquaculture, and financed by BNDES (Brazilian Economic Development Bank) and MAPA (Ministry
of Agriculture, Livestock and Food Supply), in partnership with CNPq (National Council for Scientific
and Technological Development).

References

[1] G.M. Hodgson, What are institutions? J. Econ. Issues 40 (1) (2006) 1-26, doi:10.1080/00213624.2006.11506879.

[2] R. Richter, The new institutional economics: its start, its meaning, its prospects, Eur. Bus. Org. Law Rev. 6 (2005) 161-200,
doi:10.1017/S1566752905001618.

[3] N. Almatarneh, O. Emeagwali, Does institutional quality matter in fostering social progress: a cross national examination,
Manag. Sci. Lett. 9 (7) (2019) 1037-1046, doi:10.5267/j.ms1.2019.4.002.

[4] S. Nasreen, M.K. Mahalik, M. Shahbaz, Q. Abbas, How do fnancial globalization, institutions and economic growth impact
fnancial sector development in European countries? Res. Int. Bus. Financ. 54 (2020) 101247, doi:10.1016/j.ribaf.2020.101247.

[5] T. Vasilyeva, S. Lyeonov, I. Adamickova, K. Bagmet, Institutional guality of social sector: the essence and measurements,
Econ. Sociol. 11 (2) (2018) 248-262, doi:10.14254/2071-789X.2018/11-2/17.

[6] O. Flaaten, Institutional quality and catch performance of fishing nations, Mar. Policy 38 (2013) 267-276, doi:10.1016/j.
marpol.2012.06.002.

[7] S. Knack, P. Keefer, Institutions and economic performance: cross-country tests using alternative institutional measures,
Econ. Politics 7 (1995) 207-227, doi:10.1111/j.1468-0343.1995.tb00111.x.

[8] R. Marchi Adani, R. Ricciuti, The resource curse, rule of law and accountability in African countries: a dynamic panel
analys, Econ. Bull. 34 (3) (2014) 1905-1916 https://EconPapers.repec.org/RePEc:ebl:ecbull:eb-13-00725.

[9] S. Nadarajah, O. Flaaten, Global aquaculture growth and institutional quality, Mar. Policy 84 (2017) 142-151, doi:10.1016/j.
marpol.2017.07.018.

[10] W. Tsai, S. Ghoshal, Social capital and value creation: the role of intrafirm networks, Acad Manag. ]. 41 (1998) 464-476,
doi:10.5465/257085.

[11] G. Gereffi, K. Fernandez-Stark, Global Value Analysis: a primer (2nd Edition), in: G. Gereffi (Ed.), Global Value Chains and
Development: Redefining the Contours of 21st Century Capitalism, Cambridge University, Cambridge, 2018, pp. 305-342,
doi:10.1017/9781108559423.012.

[12] R. Miranda, R. Wagner, Neighboring Institutions Matter for the Competitiveness of Your Value Chain. Global Value Chain
Development Report Background Paper, World Bank, Washington, 2015.


https://doi.org/10.1080/00213624.2006.11506879
https://doi.org/10.1017/S1566752905001618
https://doi.org/10.5267/j.msl.2019.4.002
https://doi.org/10.1016/j.ribaf.2020.101247
https://doi.org/10.14254/2071-789X.2018/11-2/17
https://doi.org/10.1016/j.marpol.2012.06.002
https://doi.org/10.1111/j.1468-0343.1995.tb00111.x
https://EconPapers.repec.org/RePEc:ebl:ecbull:eb-13-00725
https://doi.org/10.1016/j.marpol.2017.07.018
https://doi.org/10.5465/257085
https://doi.org/10.1017/9781108559423.012
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0012
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0012
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0012

14 V.S. Ribeiro/MethodsX 9 (2022) 101676

[13] D. Dollar, Y. Ge, X. Yu, Institutions and Participation in Global Value Chains. Global Value Chain Development Report
Background Paper, The World Bank, Washington, 2016.

[14] D. Dollar, M. Kidder, Institutional quality and participation in global value chains, in: Global Value Chain Development
Report 2017: Measuring and Analyzing the Impact of GVCs on Economic Development, The World Bank, Washington, 2017,
pp. 161-173.

[15] L.A. Zadeh, Fuzzy sets, Inf. Control 8 (1965) 338-353, doi:10.1016/S0019-9958(65)90241-X.

[16] S. Kozarevi¢, A. Puska, Use of fuzzy logic for measuring practices and performances of supply chain, Oper. Res. Perspect. 5
(2018) 150-160, doi:10.1016/j.0rp.2018.07.001.

[17] M. Silver, T. Svoray, A. Karnieli, E. Fredjc, Improving weather radar precipitation maps: a fuzzy logic approach, Atmos. Res.
234 (2020), doi:10.1016/j.atmosres.2019.104710.

[18] R. Kala, Fuzzy-based planning, in: R. Kala (Ed.), On-Road Intelligent Vehicles: Motion Planning for Intelligent Transportation
Systems, Butterworth-Heinemann, Oxford, 2016, pp. 279-317, doi:10.1016/B978-0-12-803729-4.00010-6.

[19] B. Belhadj, A new fuzzy unidimensional poverty index from an information theory perspective, Empir. Econ. 40 (2011)
687-704, doi:10.1007/s00181-010-0368-5.

[20] A. Geramian, M. Mehregan, N. Garousi Mokhtarzadeh, M. Hemmati, Fuzzy inference system application for failure
analyzing in automobile industry, Int. J. Qual. Reliab. Manag. 34 (2017) 1493-1507, doi:10.1108/]JQRM-03-2016-0026.

[21] A. Idrus, M. Fadhil Nuruddin, M.A. Rohman, Development of project cost contingency estimation model using risk analysis
and fuzzy expert system, Expert Syst. Appl. 38 (2011) 1501-1508, doi:10.1016/j.eswa.2010.07.061.

[22] Y. Jin, Advanced fuzzy systems design and applications, Advanced fuzzy systems design and applications, Springer, 2003.

[23] J. Nahapiet, S. Ghoshal, Social capital, intellectual capital and the creation of value in firms, Acad. Manag. Best Pap. Proc.
(1997) 35-39.

[24] ]. Nahapiet, S. Ghoshal, Social capital, intellectual capital, and the organization advantage, Acad. Manage. Rev. 23 (1998)
242-266.

[25] O.E. Williamson, The Economic Institutions of Capitalism, The Free Press, New York, 1985.

[26] E.H. Mamdani, Application of fuzzy logic to approximate reasoning using linguistic synthesis, IEEE Trans. Comput. C-26
(12) (1977) 1182-1191, doi:10.1109/TC.1977.1674779.

[27] Fullér, R, Werners, B., 1991. The compositional rule of inference: introduction, theoretical considerations, and
exact calculation formulas. Working Paper No.1991/7. From: http://citeseerx.ist.psu.edu/viewdoc/citations;jsessionid=
5207A889495861D83E6351617E1F2140?d0i=10.1.1.24.489

[28] C. Wang, A Study of Membership Functions on Mamdani-Type Fuzzy Inference System for Industrial Decision-Making,
Leihigh University, Bethlehem, 2015.

[29] H. Bandemer, S. Gootwald, Fuzzy Sets, Fuzzy Logic, Fuzzy Methods With Applications, John Wiley & Sons, Chichester, 1995.

[30] L.A. Zadeh, Outline of a new approach to the analysis of complex systems and decision processes, IEEE Trans. Syst. Man
Cybern. (1973) 28-44 SMC-3, doi:10.1109/TSMC.1973.5408575.

[31] Ribeiro, V.S., 2020. Development of performance indexes for analysis of global value chain: an application on tilapia
production zones in brazil (PhD Thesis). From: http://hdl.handle.net/11612/2184.

[32] M.X. Pedroza Filho, V.S. Ribeiro, H.S. Rocha, M.E. Ummus, T.M. do Vale, Caracterizagdo da Cadeia Produtiva da Tilapia nos
Principais Polos de Produgdo do Brasil, Embrapa Pesca e Aquicultura - Boletim de Pesquisa e Desenvolvimento, 2020 From:
http://www.infoteca.cnptia.embrapa.br/infoteca/handle/doc/1125358.

[33] W.C. Valenti, H.P. Barros, P. Moraes-Valenti, G.W. Bueno, R.O. Cavalli, Aquaculture in Brazil: past, present and future, Aquac.
Rep. 19 (2021) 100611, doi:10.1016/j.aqrep.2021.100611.

[34] V.S. Ribeiro, M.X. Pedroza Filho, Regional analysis of aquaculture value chain: study of tilapia production zones in Brazil,
Aquaculture 551 (2022) 737948, doi:10.1016/j.aquaculture.2022.737948.

[35] A. Hamam, N.D. Georganas, A comparison of Mamdani and Sugeno fuzzy inference systems for evaluating the quality of
experience of hapto-audio-visual applications, in: Proceedings of the IEEE International Workshop On Haptic Audio Visual
Environments and Games, 2008, pp. 87-92, doi:10.1109/HAVE.2008.4685304.

[36] A. Shleeg, 1. Ellabib, Comparison of Mamdani and Sugeno fuzzy inference systems for the breast cancer risk, Int. J. Comput.
Inf. Sci. Eng. 7 (2013) 83-87, doi:10.5281/zenodo.1088570.

[37] H. Hellendoorn, The generalized modus ponens considered as a fuzzy relation, Fuzzy Sets Syst. 46 (1992) 29-48, doi:10.
1016/0165-0114(92)90264-5.


http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0014
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0014
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0014
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/j.orp.2018.07.001
https://doi.org/10.1016/j.atmosres.2019.104710
https://doi.org/10.1016/B978-0-12-803729-4.00010-6
https://doi.org/10.1007/s00181-010-0368-5
https://doi.org/10.1108/IJQRM-03-2016-0026
https://doi.org/10.1016/j.eswa.2010.07.061
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0022
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0022
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0023
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0023
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0023
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0024
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0024
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0024
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0025
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0025
https://doi.org/10.1109/TC.1977.1674779
http://citeseerx.ist.psu.edu/viewdoc/citations;jsessionid=5207A889495861D83E6351617E1F2140?doi=10.1.1.24.489
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0028
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0028
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0029
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0029
http://refhub.elsevier.com/S2215-0161(22)00060-7/sbref0029
https://doi.org/10.1109/TSMC.1973.5408575
http://hdl.handle.net/11612/2184
http://www.infoteca.cnptia.embrapa.br/infoteca/handle/doc/1125358
https://doi.org/10.1016/j.aqrep.2021.100611
https://doi.org/10.1016/j.aquaculture.2022.737948
https://doi.org/10.1109/HAVE.2008.4685304
https://doi.org/10.5281/zenodo.1088570
https://doi.org/10.1016/0165-0114(92)90264-5

	Method for the estimation of institutional quality indexes using fuzzy logic
	Method overview
	Materials and methods
	Database and study area
	Method details: The configuration and functioning of the fuzzy inference system

	Results
	Conclusions
	Conflicts of Interest
	Acknowledgments
	References


