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Introduction

The decision-making process is fundamental for organizations, especially those that
deal with a risk environment. Studies on the decision-making processes of such
organizations generate theoretical gains, thus expanding knowledge about decision-
making, and aiding the development of new methodologies to improve organizational
practices (Baucells and Sarin 2003; Zavadskas and Turskis 2011; Schiafermeyer et al.
2012; Roy and Slowinski 2013; Zopounidis and Doumpos 2013; Saaty 2013; Ulu-
can and Atici 2013; Doumpos and Figueira 2019; Schotten and Morais 2019; Gaga-
nis et al. 2020). Strategically, financial organizations whose purpose is to develop the
market must strive to minimize operational errors while remaining aware that the
main threat for banks and financial institutions, according to Marqués et al. (2013),
arises from the difficulty in distinguishing creditworthy candidates from those who
are unlikely to repay loans. Credit decisions in financial organizations are also sub-
ject to uncertain environments, depending on several external factors, mainly the
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population’s economic and social conditions (Cleofas-Séanchez et al. 2016; Palazuelos
et al. 2018; Kautonen et al. 2020; Palazuelos et al. 2020).

The standardization of the decision-making process can minimize the influence of
changes in the financial environment, and the adoption of decision-making models
can be a standardization tool (Schifermeyer et al. 2012; Garcia et al. 2019). Schot-
ten and Morais (2019) argue that the decision-making process of financial entities
requires continuous assessment and must systematically meet their expectations. In
addition, these authors point out that credit operations involve significant risks, and
the decisions made by a group are not limited to the consideration of a single indi-
vidual but rather the perceptions of many people who, after having been prepared
to participate in the process, can contribute to the depth of the analysis and exert
greater assertiveness.

The group decision process has many important aspects that must be considered, one
of which is the need for information. When the demand for data is latent and requires
the participation of many decision-makers (DMs), the results obtained can reflect organ-
izational competitiveness. The objective of making a decision that reflects a high level of
quality must be dealt with creatively, and obstacles to communication must be removed.
Using a system capable of transmitting the necessary information contributes to facili-
tating the group decision-making process (Bohanec 2009).

The process flow must also be considered in group decisions. Tsoury et al. (2019)
state that business process management offers organizations the operational benefits of
reducing costs, increasing the speed of response, and improving the quality of products
and services, thus highlighting the advantages of the information systems supported by
such a flow. The authors also note that data flow analysis and modeling ensure the com-
plete and accurate design of business processes.

Managing credit-granting processes is critical to the success of a financial organiza-
tion’s operations. Addressing the challenges of identifying, measuring, and mitigating
credit-granting errors is part of this management process. The development of a deci-
sion-making model for financial organizations that are linked to their strategic organiza-
tional goals is fundamental for survival in the market.

The main difficulty in credit management is to decide which proposals will be granted.
Therefore, this paper puts forward a decision-making model to sort each proposal into
previously defined classes. Thus, this article presents a sorting model based on the
ELECTRE TRI-B multicriteria method, which serves as an evaluation tool for facilitating
financial organizations’ credit-granting processes. It is an adequate method for assigning
alternatives to pre-defined ordered categories. This method presents certain advantages:
the definition of the limits of categories is preliminary; the criteria scales can be qualita-
tive or quantitative; different sets of criterion weights can be accepted; and data normali-
zation is not necessary.

Due to the influences of and pressures experienced by DMs and the risks inherent in
loan operations, the proposed model recommends the participation of more than one
DM. Therefore, a group of aggregation parameters is set to determine the final classifica-
tion of a proposal. One of the characteristics of the proposed model is its flexibility. Any
organization that deals with group credit analysis in the financial system can use it. For
application in other organizations, criteria for analysis, weights, and preferences should
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be defined according to their strategic organizational objectives. For example, the pro-
posed model is applied in a real case in a credit organization located in Brazil.

This article is divided into five sections including this introduction (which has pre-
sented the objective of the article and the justification for developing a sorting model for
financial organizations). In “Related studies” section discusses related studies that guide
this article and contribute to the design and formatting of the model, thereby address-
ing aspects related to the organizational strategy, credit-granting environment, and
models that are used to understand the decision-making process. In “New approach to
the credit analysis process in an organization” section presents the case study that was
undertaken to understand the credit analysis process more completely. In “Preliminary
analysis” section presents the decision-making model for financial organizations and
demonstrates the concept of the model, the flow of development, and aggregation for
a group decision. In “Discussion and conclusion” section discusses the results and pre-
sents the practical and theoretical implications of the study.

Related studies

All organizations seek to consolidate and improve their position in the market and
ensure their survival in the long term. To face risks, uncertainties, and turbulence suc-
cessfully, organizations need to establish strategies that safely guide how they pursue
their goals. When applied to management, these strategies promote rationality and a
vision of the future that drives the entire management process, which includes defining
the management tools they need to make rational decisions.

The concern about how strategies should be applied considering the influence and
rationality of the organizational decision-making process has been the object of stud-
ies already carried out, and an overview of these is given in Table 1. These studies focus
on understanding how environmental and rational aspects are interconnected and how
they influence the decision-making process and a DM’s behavior. As shown in Table 1,
the main contributions are the concern with the rationality of the process, the vision of
the future, and the consequences of the decision concerning the strategic objectives of
an organization.

Cabrerizo et al. (2013) define group decision-making (GDM) as a problem in which
several DMs provide their judgments about a set of alternatives, the aim of which is to
obtain different aggregate preferences from individuals to find an alternative (or set of
alternatives) that is more acceptable to the group as a whole.

A methodology for making group decisions contributes rationally to this strategic
management process. It allows DMs to become aware of the uncertainties and risks
inherent in the credit-granting process and become mindful of the influences under
which this process is subjected. As it is a strategic process, it helps DMs to consider the
consequences of their decisions, and this leads them to consider the impact of these on
their organization’s strategic objectives. The related studies are presented in Table 2. The
contributions of these studies come from the operational and environmental view of the
financial market, from contextualizing risks, and from assessing the influence of this
environment in decision-making.

Understanding the financial environment, borrowers’ behavior, and the behavior of
loan-granting organizations helps to have a comprehensive view of operations, thus
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Table 1 Strategic concepts that guided the decision-making model

Author Study objective Contribution

Nutt (1998) Explored the uncertainty of DMs in The concern with a rational model that
the process of evaluating alternatives  guides the DM

Zopounidis and Dimitras (1998) Presented a study addressing the Defended the idea of applying the
ELECTRE TRI Method and predicting ~ method to find organizational solutions
business failure

Heyland and Wallace (2001) Presented the need to build scenarios Concern about the future and the
for decision-making in multiple consequences of the decision
stages and environments under
uncertain conditions

Elbanna and Child (2007) Approached the strategic angle with  They studied the importance of ration-
a study on strategjic rationality in ality in decision-making processes
decision-making

Hwang and Lin (2012) Group decision making under multi-  Developed a study on multicriteria
ple criteria methods and applications in group

decisions

Garrido et al. (2014) Offered a detailed analysis of the Studied strategic management meas-
primary measures that have been ures and their application in decision-

used by institutions in previous work  making
on strategic management

Guerras-Martin et al. (2014) Explored the evolution of strategic They highlighted the evolution and
management research importance of studying strategic
management
Chavira et al. (2017) ELECTRE-IIl method and a multiobjec- Developed a credit ranking model for a
tive evolutionary algorithm financial company
Pérez et al (2018) Group decision process Studies on dynamic consensus
processes in group decision-making
problems
Khraisha and Arthur (2018) Examines the hypothesis of a general ~ Focus on the innovation process and

theory that encompasses increasing ~ complexity of the financial sector
complexities in the financial innova-
tion process

permitting the development of a decision-making model that meets an organization’s
needs and protects the process. When commenting on safeguarding the process, any
methodology developed must anticipate some specific factors concerning strategic man-
agement. In this case, organizations should be discussed in terms of credit security, as
their objective when granting a loan is to recover, over time, the capital invested. Obtain-
ing the return for this capital, together with interest and fees, helps a financial organiza-
tion to achieve its strategic objectives; otherwise, operations can become unstable.

Another point that must be considered regarding the methodology is the DM’s behav-
ior; that is, the person who undertakes the credit analysis. The organization must pro-
vide the DM with sufficient tools and guidance so that he or she feels secure in this
process, leading him or her to consider the consequences of his or her decision concern-
ing the set of strategic objectives. The tool applied must enable the DM to view the man-
agement policies, the risks and uncertainties in the environment, and the influences and
pressures on the system operators, and to verify conformity with corporate governance.

As the decision-making model for this study was based on multicriteria classification,
its development was inspired by the studies of the models (and inferences from them)
presented in Table 3. Studies that focused on information technology were also consid-
ered a point of reference for developing and guiding the formatting of this model.
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Table 2 Summary of studies on the credit-granting environment, the risks involved, and financial

operations

Author

Study objective

Contribution

Zopounidis and Doumpos (2002)

Parrino et al. (2005)

Doumpos and Zopounidis (2010)

Garcia et al. (2013)

Zopounidis et al. (201

Kashig et al. (2016)

Spronk et al. (2016)

Arthur (2017)

Hamdi et al. (2017)

5)

Koksalmis and Kabak (2019)

Rehman et al. (2019)

Klapper and Lusardi (2019)

Marqués et al. (2020)

Pla-Santamaria et al. (2020)

Shen et al. (2020)

Demonstrated a wide range of mul-
ticriteria judgment-based method-
ologies and their applications in the
real world

Explored the effect of operational
risk on financial decisions, creating a
model for making corporate invest-
ment decisions

Explored the role of banks and
financial institutions in the economic
and business environment, consider-
ing the high level of risk to which
financial institutions are exposed

Explored credit risks and bad debt,
a variable for classifying customers
when decisions need to be made

Multiple criteria decision aiding for
finance

Investigated the loan growth and
risk-taking behavior of banks during
expansionary periods of lending

Studies concerning Multicriteria
Decision Aid/Analysis in Finance

Investigated how two major financial
innovations occurred and were gov-
erned, and it discusses the findings
concerning those in the literature

Test factors that determine the level
of non-interest income for Tunisian
banks; studied the impact of non-
interest income on banks’ profit-
ability measured by return on assets
(ROA) and return on equity (ROE)
and investigated the relationship
between non-interest income and
the level of risk-taking

Defining weights in group decision
making

Identified risk management strate-
gies that are undertaken by the
commercial banks of Balochistan,
Pakistan, to mitigate or eliminate
credit risk

Examined basic financial concepts
and decisions related to financial
management

Ranking-based MCDM models in
financial management applications

Study on risk management and
uncertainty environments

Proposes a novel three-stage reject
inference learning framework using
unsupervised transfer learning and
three-way decision theory that
integrates

Applications of multicriteria method-
ologies in financial decisions

Created an investment decision-mak-
ing model, considering the opera-
tional risk in financial decisions

Study of the role of financial organiza-
tions considering the risk of the
environment

Studied the classification of customers
considering credit and default risks

Developed a bibliographic survey on
decision support for multiple criteria
for finance

Studied credit risk in periods of loan
expansion

Contributed to studies on the applica-
tion of the multicriteria methodology
in financial management

Outlined the study of financial innova-
tion

In their studies, they demonstrated a
relationship between diversification,
performance and risks

Contributes in exemplification to
derive weights from decision-makers
in group decision making

Studied risk management strategy to
eliminate the risk of granting credit

Exploration of decision-making and
credit risks

Applications of multicriteria models in
financial management

Developed a multicriteria approach
to manage credit risk under strict
uncertainty

Method for credit risk management
applications

Page 5 of 24
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Table 2 (continued)

Author Study objective Contribution

Kou et al. (2021) Studied the bankruptcy prediction Presents model that studied the risk
for SMEs using transactional data and prediction of bankruptcy
and two-stage multiobjective feature
selection

Wang et al. 2021) Modeling Multi-class misclassifica- Modeling for credit rating

tion cost matrix for credit ratings in
peer-to-peer lending

The decision-making process of an organization is based on a sorting model
because the objective is to divide the proposals that are received into those that can
be approved, those that cannot be approved, and those that deserve special atten-
tion—in this case, an in-depth analysis by a credit specialist.

With regard to the approaches related to the strategic design of the decision
that must be made (Table 1) and the environment and operations in which finan-
cial organizations are embedded (Table 2), understanding these approaches leads to
developing a strategic vision for granting credit based on a multicriteria decision for
ordering, selecting, sorting, or describing alternatives within a decision-making pro-
cess involving multiple criteria.

It then follows that the decision-making model to be adopted in the credit-grant-
ing process of a financial organization must consider its strategic concepts and
organizational environment. Consequently, considering the set of advantages based
on models that have already been developed (as presented in Table 3), this study
proposes a multicriteria sorting model for decision-making.

The models presented were developed for various purposes. These indirectly
link multiple types of knowledge to each other that should be considered when
constructing a credit-granting model for financial organizations. This knowledge
comes from conceptualizing the functionality of the group’s decision process, as it
is applied to other purposes, and recognizing how it can be used for the process
of granting credit. It is worth mentioning that the methodologies discussed imply
knowledge about factors such as an organization’s setting, decision-making models,
sorting models, group behaviors, critical criteria, and ways of dealing with uncer-
tainties and risks, and the application of information technology to decision-making
processes.

To develop the model presented in this paper, since it is a sorting problem, the
Electre TRI-B method was adopted. The ELECTRE TRI method was presented by
Mousseau et al. (2000) as a multicriteria classification method that assigns alterna-
tives to pre-defined categories. The assignment of an alternative is the result of com-
paring it with the limits that define a predefined category. More information about
the Electre TRI-B method is presented in the development of this method, and it
is recommended that the following studies be consulted: Roy and Bouyssou (1993),
Mousseau and Slowinski (1999), Mousseau et al. (2000), Rigopoulos and Anagnosto-
poulos (2010), Zheng et al. (2014), Bouyssou and Marchant (2015), Govindan and
Jepsen (2016), Corrente et al. (2017), Dias and Mousseau (2018) and Kadzinki and
Martyn (2020).
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Table 3 Synthesis of models studied to understand the decision-making process

Author

Study objective

Contribution

Baucells and Sarin (2003)

Hochbaum and Levin (2006)

Doumpos and Zopounidis (2010)

Zopounidis and Doumpos (2013)

Figueira et al. (2013)
Saaty (2013)

Ulucan and Atici (2013)

Linetal. (2015)

Zhang et al. (2015)

Pérez-Aréstegui et al. (2015)

Angilella and Mazzu (2015)

Wu and Kou (2016)

Asongu and Nwachukwu (2017)

Chenetal. (2017)

Alhassany and Faisal (2018)

Moradi and Rafiei (2019)

Guo et al. (2019)

Focused on group decisions in
which individuals or committees
share the responsibility for choosing
between alternative proposals for
action

Conducted classification method
reviews

Developed a Decision Support
System based on several criteria to
measure financial risks in banking
institutions

Conducted portfolio selection and
corporate performance evaluation
using various approaches to multicri-
teria modeling tools

Studied about ELECTRE methods
and their recent extensions

Explored decision factors and judg-
ments by DMs

Developed an approach to classify-
ing problems that deal with more
than one classification criterion
involving multiple alternatives

Investigate primary innovative
Internet-based financial services

Developed a credit risk assessment
model based on SVM for small and
medium enterprises in supply chain
finance

Explored the relationship between
information technology (IT) compe-
tence and quality management

Used multicriteria decision-making
methods and conducted a credit-risk
analysis with the help of ELECTRE
TRI-B methods

A consensus model for Group
Decision-Making (GDM)

Investigated how an increase in
information-sharing bureaus affects
financial access

The development of Financial
Technology (FinTech) in areas such
as mobile Internet, cloud comput-
ing, big data, search engines, and
blockchain technology

They examined how the decision
to adopt internet banking in North
Cyprus would be affected based
on the following dimensions: the
technology features, the personal
characteristics, the social environ-
ment, and the expected risk

Presented a model that is both more
flexible to politico-economic factors
and can yield results that are max
compatible with real-life situations

Developed a decision-aid approach
to risk classification problems

Group decision model

Sorting model

Multicriteria decision support systems

Multicriteria decision models

Presented an overview of ELECTRE
methods and their recent extensions

Decision-making model and meth-
odology

Sorting model

Financial services

Credit risk assessment model

Contextualization of IT in the decision-
making process

Decision-making methodology

Decision-making method

Information

Financial Technology

Information technology

Credit risk assessment model

Risk classification and decision model
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Table 3 (continued)

Author Study objective Contribution

(aliand Balaman (2019) Developed a group decision-making  Uncertainty/decision methodologies
methodology for solving problems
efficiently under uncertain condi-
tions

Doumpos and Figueira (2019) Used the ELECTRE TRI-nC method to  Multicriteria decision-making meth-
build internal credit-rating models odology
with a judgment structure based on
a credit specialist’s evaluations

Gaganis et al. (2020) Developed a multicriteria decision Multicriteria decision model
model to assist in the risk-assess-
ment process of operations

New approach to the credit analysis process in an organization

This section presents the proposed model for group decision making in the credit
analysis process in financial organizations. The model considers the operational flow
from the entry of the credit proposal, alternatives to be evaluated, definitions of eval-
uation criteria, weights of criteria, the definition of classes, aggregation processes for
group decision, and the result of the evaluation process. The development process of
the model and its methodological explanations are identified in each part developed
and described in this section.

Concept of the model

The proposed model aims to meet the operational needs of financial organizations
that apply or intend to adopt a group decision approach to granting credit. The mod-
el’s objective is to serve as a tool for decision-making, following strategic precepts. It
can be applied to all types of organizations for analysis and credit granting.

The model’s strategic core that should define the alternatives, criteria, weights, and
decision rules must be approved by the Chief Executive Officer (CEO) or another sen-
ior officer responsible for the strategic results of the organization. DMs must be cho-
sen and prepared to use the model and the number (n) of such DMs can be related to
the needs proposed by the organization. To meet the needs and parameters defined
by the model, a minimum of two DMs is necessary, all of whom have the same impor-
tance in the process. The flow of analysis for each credit proposal follows the paths
shown in Fig. 1.

As Fig. 1 shows, the service unit first analyzes the proposed flow when the proposal is
received in terms of its eligibility for consideration, and subsequently forwards it to the
DMs. The DMs analyze the proposal according to the strategic objectives and directions
presented by the organization and score each criterion, leading to a result that, once tab-
ulated, will yield one of the following decisions: approved; forward to technical analysis;
or rejected. The DMs’ preferences need to be aggregated by decision rules. If approved,
the proposal is returned to the branch for credit release. If rejected, it is returned to
the branch to be reformulated, or the client is notified of non-approval. If necessary, the
proposal is submitted for technical analysis, where a specialist will perform an individual
analysis of the proposal and may approve or reject it, and the decision follows the nor-
mal flow already presented.

Page 8 of 24
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Fig. 1 The operational flow of the proposed approach

Credit analysis process: a case study

The organization that was used in this study is a credit cooperative of free admission
of associates, located in Brazil. This type of credit union, although formed by regional
cells, each with some autonomy and specific procedures such as the process of credit
analysis, follows norms established by a central unit. The credit decision process
adopted by focusing on credit analysis is, internally, called the Electronic Decision
Process. This process consists of several steps until a final analysis is conclusive. The
current method of credit decision goes through some stages from the initial proposal
until, when appropriate, it goes through a committee specially created for this pur-
pose. The studied organization works with three levels of credit analysis. First is indi-
vidual authority, which refers to the autonomy of the service unit manager who can
analyze and decide whether or not to approve credit. Credit proposals, the value of
which does not exceed R$ 15,000.00 (approximately US$ 3000) fall into this category.
Proposals with a value of between R$ 15,000.00 and R$ 200,000.00 (approximately
U$ 40,000) are analyzed by a committee comprising three people. The model in this
study was developed to help such a committee reach a group decision. Figure 1 shows
the flow that the model follows. Proposals with values greater than R$ 200,000.00 are
considered special credits and are now analyzed and require the Executive Director’s
approval.

The core of the committee is the group consisting of three people appointed by the
executive board, who analyze the proposal and, from this analysis, can approve or reject
the application for the credit. The rule established for the committee’s analysis is that for
a proposal to be approved, the decision should be unanimous, that is, all members of the
committee should vote favorably on the proposal presented. Based on the decision of the
organizational managers, all the DMs have the same degree of importance in the vote.

The committee of DMs receives the process electronically, which comprises a prelimi-
nary opinion drafted by officials who occupy positions within the branch and proceed
to analyze it. The proponent’s current financial status and financial capacity, a market
analysis, the relationship and management of the accounts, a review of its strengths
and weaknesses, and a conclusion, represented by the considerations of the proponent’s
account manager, are set out in the opinion. The decision-making is based directly on
the reports provided by the system, indicated as the register of the borrower and the

Page 9 of 24
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guarantors, exposure to the financial credit system, the cash flow of the physical or legal
tenderer, and, finally, of the operation.

The DM'’s role in receiving the process is to analyze the documentation and, through
the system, to vote in favor or against the process. The system automatically shows the
aggregate result of the three DMs. The decision-making process of the organization is
a group decision process, which follows the rules regarding the legality and operabil-
ity of the process. Some problems are generators of insecurities, which may even have
an adverse effect on achieving strategic organizational objectives. The main problems
detected in the analysis were:

+ A DM’s insecurity: The lack of a systematic process makes it challenging to analyze
the strategic consequences, since the DM acts only based on his/her perception or
knowledge that he/she has about the proposer, thus increasing the risk of the opera-
tion.

+ Emergence of informal groups: Although not proposed in the flow chart of the deci-
sion-making process, members may meet informally to discuss the process under
review, directing the decision against the will of the member with the highest deci-
sion-making power or most significant influence within the group. The organization
has no control over these informal meetings.

+ Conflicts during the process: These can occur during the contact between the pro-
poser and the branch. Another point of conflict is the relationship among the com-
mittee members. Conflicts can arise due to the delay in the process or dissatisfaction
with the result of the analysis.

+ Possibility of corruption and collusion among the members of the committee: The
proximity and frequent contact between members can lead to the formation of shad-
owy interest groups, not linked to strategic organizational objectives but to benefit
people or groups with external interests.

+ Interference during the process: This is a critical point where external pressure from
members of the committee with higher decision-making power in the hierarchy of
the financial organization itself or members outside the committee can occur during
the analysis.

The origin of the problems presented is in how the process was designed. The DM
receives the process and classifies it as “approved” or “not approved,” without specific
guidance, and this is based only on the subjectivity of his/her perception. The model
developed and presented in the next section seeks to eliminate or at least reduce the
problems in the decision process detected in the current method adopted by the organi-
zation under study.

Preliminary analysis

Credit proposal inputs (alternatives)

The decision-making model is based on the emergence of decision alternatives. In
this case, the alternatives are individual; that is, each proposal for credit granting is
considered an alternative. The analysis aims to identify whether the proposal should
be approved, forwarded for technical analysis, or rejected by comparing it with the
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organization’s specifications. The alternatives (proposals) will be analyzed within the
model, guided by the CEO’s previously defined criteria, considering strategies and
organizational objectives.

Once the proposal is entered into the system, the service unit makes an initial
analysis of the proposal, aiming to determine whether it meets the company’s regula-
tions for granting credit. If the proposal receives a favorable opinion, it will follow the
credit analysis flow presented in Fig. 1. If the proposal receives an unfavorable opin-
ion regarding its suitability, it is automatically rejected. In the case study, 12 credit

proposals (alternatives) were considered for analysis.

Definition of criteria
The establishment of decision-making criteria involves strategic decisions, and in
this case, these criteria may vary between organizations. The CEO determines which
criteria to consider when assessing credit granting. For the specific purposes of
developing this model, a workshop was used in choosing the criteria. Based on the
organizational strategies and ownership of the analysis process currently adopted in
the organization, the CEO described the criteria that were important to him in the
analysis. Then, he called the Credit Analysis Technician to give an opinion on the cri-
teria chosen. After a brief discussion, we defined the criteria to be adopted in the
process presented in Table 4. Importantly, this process of determining the criteria is
one of the flexible parts of the model and, in the eventual application in other organi-
zations, may be defined as new criteria to meet the strategic needs of the organization
to which the model is being applied.

To establish the importance and weight of each criterion, we adopted the revised
Simos’ procedure presented by Figueira and Roy (2002). As part of the procedure,
cards are given to the CEO, each relating to one of the criteria defined, and the CEO

Table 4 Criteria for analysis

Criteria/code Description

Payment capacity: PCP Analysis of the maximum payment limit (instalment) to be assimilated by the
proponent’s income, considering all other primary individual and family needs of
the proponent

Financial score: FSC Analysis of the financial results presented in the Balanced Scorecard and the evalu-
ations of the Central Bank

Debt capacity: DCP Financial limit of values that may be assumed according to the company’s finan-
cial, history and turnover

Operations history: OPH Internal analysis of previous operations of the proponent that characterizes the
proponent as an excellent or poor payer, and level of delay

Warranty in operation: WOP  Existence of assets in guarantee and guarantor that will assume joint and sequen-
tial responsibility for the amount in case of default by the proponent

Wealth analysis: WAN Analysis of the equity presented that can meet the commitments assumed by the
proposer
Professional activity: PAC Verification of the professional activity of the proponent concerning stability and

risk and variations in profits

Relationship level: REL Internal analysis of the personal relationships of the proposer with the organiza-
tion, active participation in committees, assemblies, personal knowledge of the
board, and agency
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Table 5 Importance and weight of the criteria

Criteria/code Description Normalized
weight
WAN Wealth analysis 7.4
PAC Professional activity 7.4
REL Relationship level 7.14
FSC Financial score 14.29
DCP Debt capacity 14.29
OPH Operations history 14.29
WOP Warranty in operation 14.29
pCP Payment capacity 2142
100
Criteion 5 - Extreme | 4 - High ‘ 3 - Medium | 2 - Low I 1 - Minimum
< —
PCP | More than 30% of income Low?% on income
FSC |Low score High Score
DCP  |Committed limit Available limif
OPH |History of delays No history of delays|
WOP |No sale or guarantee With sale or guarantee
WAN |Equity lower than the proposition Shareholders' equity]
PAC |Self-employed or unregistered. variable income Registered. high income stability]
REL _|Little knowledge Very knowledgeable
Fig. 2 Continuum of the characteristics of the scales

is requested to arrange the cards in the order of importance. After this, the CEO must
be given white cards that he should insert between the criteria cards, where the CEO
considers that there is a significant difference between one criterion and another.

Then, the criteria of equal importance are grouped into specific positions. Normal-
ized weights are obtained by applying the method proposed in the approach. The SRF
(Simos—Roy—Figueira) software suggested and presented by Figueira and Roy (2002)
was used for calculating weights. The normalized weight for each criterion is shown in
Table 5.

Scale definition

After defining the weights of the criteria, it is necessary to define an evaluation scale.
For the proposed model, an ordinal classification was adopted, defined by Dembczynski
et al. (2007) as a set of values for the decision attribute (output, dependent variable) that
is finite and ordered. A five-point scale was designed to guide the DM’s analysis: 5—
Extreme danger; 4—High risk; 3—Medium risk; 2—Low risk; 1—Minimal danger.

The DM evaluates the alternative concerning the scale. Taking this as an example,
the DM considers the Financial Score Criterion (FSC), classifies the operation’s risk as
extreme, high, medium, low, or minimum, indicates the corresponding scale field, and
proceeds with the other criteria. The characteristics of the elements of the scale were
considered in a continuum between the maximum and the minimum (Fig. 2). It is
important to note that this continuum is designed to represent the organization’s vision
and serves as a guide for DMs.
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The performance table of the twelve alternatives by the three DMs is presented in
Table 6.

System

The development of the sorting model for GDM presented in this paper is based on the
precepts defined by the ELECTRE TRI-B classification method. The decision system,
as seen in Fig. 1, goes through the definition of the criteria, weights, and preferences
that, once established, guide the DMs in their analysis subsequently leading from an

Table 6 Analysis of credit proposals (alternatives) per DM

INPUT DM PCP(g1) FSC(g2) DCP(g3) OPH(g4) WOP (g5) WAN (g6) PAC(g7) REL (g8)

Evaluation of proposals by evaluators

Credit proposal 1 4
1(@1)

Credit proposal
2 (@2)

Credit proposal
3(a3)

Credit proposal
4 (a4)

Credit proposal
5 (a5)

Credit proposal
6 (ab)

Credit proposal
7 (a7)

Credit proposal
8 (a8)

Credit proposal
99

Credit proposal
10 (@10)

Credit proposal
11 @11)

Credit proposal
12 (a12)

LA W N = = W= — WNhN WwWwhNhwN = WNhN = N>N~NDdDDDMNODDND = = = D N DN =N
A W W N — NN — N W W NN WD W —= NN W wwdh wwd DD wwNhh wwwbd b

W NN = W N = W = W = W = W = W = W = W = W = W = WwN
— = = W N = A DN W NN RNRNRNWRNDNNDWRBRMBDSPMNOOWWOWND = NN = DMw
N

— N0 = NN = NN N DA DN WD = NNNMNNNAEMNSDSEDSDDMDDMORNOWWWDSD D = 2 o
w W W A D DDA DN DN NDN = 2NN =N NN WWwOn s NN 2w s
NN N NN = NN = N = = NN NN NN WD NN A WW DR DN WNDNNDNDNDN
W NN W — NN W W W W W NN = NN —= NN WwwwwwwhwahHhwwdhuo oNnwN

w A N DN N ULl AN = NN, NN, N = W = == NN W

Key for criteria: FSC financial score, DCP debt capacity, PCP payment capacity, WAN wealth analysis, OPH operations history,
WOP warranty in operation, PAC professional activity, REL relationship level

Page 13 of 24
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aggregation process and decision rules to a result that classifies the alternative (credit
proposal) into defined classes. The organizations work with financial capital loans that
must present stable returns while maintaining organizational activities, given that the
higher the security of the process, the better it is for the organization. A process can be
developed by using the ELECTRE TRI-B method, thereby defining a systematic process
that assists decision-making and guarantees that the return will contribute to achieving
organizational strategic objectives.

The ELECTRE TRI-B method is presented by Mousseau et al. (2000) as a multicrite-
ria sorting method that assigns alternatives to predefined categories. The assignment of
alternative results from comparing an alternative with the limits that define a predefined
category. Let F indicate the index set of criteria g;, g,, ..., g, (F=1{L, 2,..., m}) and B indi-
cate the index set of profiles that define the p+ 1 category (B=1{1, 2 ..., P}), b, where the
upper limit of category ¢, and the lower limit of category ¢, +1, h=1, 2,..., p. In the fol-
lowing, preferences are assumed to increase with the value in each criterion. In this case,
schematically, ELECTRE TRI-B assigns alternatives to categories following two consecu-
tive steps: (1) constructing an outranking relationship S that characterizes how alterna-
tives compare with category boundaries; and (2) exploring the relationship S to assign
each alternative to a specific category. However, some parameters must first be defined

as set out in the section below.

Category limits and parameters
The definition of classes is given by setting lower and upper limits. This concept is exem-
plified by Cailloux et al. (2012): “We consider a finite set of alternatives A, a set of pro-
files B=1{by, ... by}, and a finite set of criteria {gj, j€J}. A criterion g j€l isa function
from AUB to R where g (a) denotes the alternative’s performance on the criterion g;.
The alternatives have to be sorted in k categories ¢, ..., ¢;, ordered by their desirability
(¢, is the worst category and c; is the best one). Each category ¢, is defined by the per-
formances of its lower profile b,_; and its upper profile b, with b,_,, b, € B. The perfor-
mances are meant to be such that a higher value denotes a better performance, and the
performances on the profiles are meant to be non-decreasing, that is, Vie/, 1 <h <k: g
(by_1) =g (by)”

Based on the analysis scale and the organizational strategic objectives, the upper and
lower limits of each category were defined for the proposed model, as presented in Fig. 3.

Category 1 (C1) Category 2 (C2) Category 3 (Ca)
21
22
g3
F=7%
gs
g6
27
e 1 2 3 aq s
Fig. 3 Category limits
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These values are defined by the CEO with the support of the analyst: “credit approved” (C;)
means that the credit proposal is authorized, “technical analysis” (C,) means that the credit
proposal requires further analysis and some evidentiary documents can be requested, and
“credit rejected” (C;) means that the credit proposal is refused.

After the thresholds of the categories were established, which consisted of the organi-
zation’s representative values, the need to develop the preference and indifference limits
was analyzed. With regard to the limits of preference and indifference, Roy (1978) presents
three distinct thresholds to incorporate the uncertainties inherent in most impact evalua-
tions. For any given environmental criterion, the three thresholds are as follows:

+ The indifference threshold, g, beneath which the DM is indifferent to two project option
valuations;

+ The preference threshold, p, above which the DM shows a clear, strict preference for
one project option.

+ The veto threshold, u, where a discordant difference in favor of one option higher than
this value will require the DM to negate any possible outranking relationship indicated
by the other criteria. Fixing these thresholds involves significant subjective input by the
DM.

The preference (p,,) and indifference (g,,) thresholds were defined by the CEO with the
assistance of the analyst and are presented below:

+ DPreference (p,,): g1:2, £,:2, 252, 842, €52, €:3, £:3, €g:3
+ Indifference (g,,): £;:0, £,:0, g5:0, £,:0, g5:0, g,:0, g,:0, g5:0

Decisions based on the results of the analysis are subject to discrepancies. In this case,
when specific situations occur during the examination, one of the component tools of the
ELECTRE TRI-B system applies the veto concept.

The veto thresholds used in the discordance test represent the smallest difference incom-
patible with the aSb, assertion (Mousseau et al. 2000, p. 760).

A veto limit will not be used for alternatives. Setting a veto limit would make little sense
because, in the case of doubt as to whether the proposal should be approved or sent for
technical analysis, the best decision would be to submit it to technical analysis. It is consid-
ered that in proposals for which definitions may deserve special attention, such attention
would be given through technical analysis, which, after further analysis of the proposer’s
situation, results in the proposal being approved, rejected, or even new documents or guar-

antees being requested.

Individual analysis
Initially, the concordance index cj(a, b) must be determined, according to Eq. 1. The con-
cordance represents the “adequate” concordant coalition of criteria that accepts the asser-

tion “a outranks b”—aSb.

caby= > wi+ D owi+t D owt > gw (1)

jec(aPb) jex(alb) jec(aQb) jec(aQb)
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where ¢ = pj(géfl;‘]gj(h)) € [0,1]
Moreover, the discordance index di(a.b) needs to be defined. It represents that no
coalition of criteria opposes the assertion aSb too strongly (see Eq. 2). This index is

associated with the veto threshold (uj).
0 — ifgj(a) < gi(bh) + pj(bh)
dj(a, bh) 1 — ifgi(a) > gi(a) + uj(bh)

€ 0, lotherwise

The credibility index o(a, b) represents the degree that “a outranks b, and it is

expressed by Eq. 3.

1 — d(a, bh)

o (@ bh) = c(abh) [ [ 7700
jef ’

3)
Where F = {j € F : dj(a, bh) > c(a, bh)}

The accuracy of the analysis depends on a cut-off level (\), the range of which can
vary from 0.5 to 1.0. The A value is determined considering the level of rigor that will
apply in the credibility analysis. The value 0.76 is the consensus regarding a regular
level of rigor. The results are presented in Table 7. Moreover, a sensitivity analysis was
applied to confirm the stability of the proposed model. In this analysis, A is the only
parameter modified to increase the level of rigor (see Table 7).

According to Table 7, the sensitivity analysis promotes some significant modifica-
tions in the outcomes. Therefore, if A =0.85, it represents an elevated level of rigor in
credibility analysis, and only one alternative should be classified as approved (a, and
ag). This scenario can be used in stable market conditions.

Table 7 Results of the assignments

Alternatives Scenario 1 (A\=0.76) Scenario 2 (A\=0.85)
DM, DM, DM, DM, DM, DM,

as G G G G G G
a4 G G G G G G
a3 G G G G G G
as G G G G G G
s G G G G G G
ds G G G G G G
a7 G G G G G G
dg G G G G G G
dg G G G G G G
dig G G G G G G
an G G G G G G
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Group aggregation

For a credit proposal to be approved, it must have a simple majority arising from the
classification given to it as a result of the DMs’ individual analysis. It is worth remember-
ing that this rule may vary according to organizational objectives.

Morais et al. (2014) consider that it is possible to define—with the DM in certain real-
world contexts, if necessary—the lowest probability that allows a category to be fixed as
the most suitable one. The authors exemplify that, if the index />0.75 (the probability
of alternative a; being assigned to C,) is at least 75%; the DMs can fix C, as the category
that should receive a;. Figure 4 shows the author’s illustration, which represents the idea
of aggregating results that could lead to a conflict or non-conflict situation.

In this proposed model, an individual analysis guided by the specifications of the
model leads to classifications that may or may not coincide, leading to the need for rules
that lead to the process of decision-making. Operationally, the system defines the aggre-
gation result by checking the decision rules established by the organizations as follows:

+ A simple majority of one of the classes =the alternative is classified in that category.

« An alternative with distinct categories means the worst assessment prevails. In this
case, the proposal is rejected and returned to the branch, which will then undertake
appropriate procedures.

« For n DM, the decision rule defines that the simple majority wins and, if there is a
tie, the pessimistic view is adopted, and the lowest classification wins. The pessimis-
tic view is necessary to provide greater security during operation.

Figure 5 shows that, of the 12 credit proposals analyzed using A=0.85, three credit
proposals (credit proposals 4, 9, and 10) were rejected, and two credit proposals had
direct approval (credit proposals 7, 8). The remaining cases were classified for technical
analysis procedures. Figure 5 shows the flow of the analysis process and the aggregation
of the results.

The results presented, using the decision rules suggested, at first sight, overload the
professional responsible for the technical analysis, which would imply that the organiza-
tion needs to invest in this sector with more employees or at least provide technological
support so that the process becomes agile and efficient.

However, it is worth remembering that the strategic decision rules fall within the
organization’s competence that can, through further studies, change the decision rule

DM1
-
(a) Non-conflict situation (b) Conflict situation
Fig. 4 Aggregation of results: non-conflict and conflict situation
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Approved: Case 7; 8

Evaluation by
Decision-Maker 1

\ Aggregation: Technical Analysis:

Proposal Entry: Evaluation by »  Application of Cases: 1;2; 3;5:6; 11;
Case 1to casel12 Decision-Maker 2 decision rule \ 12

Evaluation by /
Decision-Maker 3 Rejected: 4; 9; 10

Fig. 5 The flow of the analysis process to the aggregation of the results

without changing the process. If the organization chooses to be more rigid, the num-
ber of rejected cases will increase. Suppose the organization decides to relax the deci-
sion rule. In that case, it will minimize the effects of referral for technical analysis,
leading to a more significant number of direct approvals, which would consequently
increase the risk of loss in the process. In any case, the approach is flexible, thus
allowing the organization to define the decision rules strategically.

For process security, the organization must train its DMs. This training must be
carried out in a continuous manner and cover the strategic and operational aspects of
the decision-making process.

Discussion and conclusion

The initial objective of this study was to develop a methodology for the theoretical
formation of decision-making tools applicable in variable environments such as the
financial system. The desired method should be consider organizational reality, its
strategic objectives, and the implementation of theories oriented toward decision-
making. The main contribution was the presentation of a strategic vision in the study
of decision theories concerned with the formation and pursuit of conscious decision-
making and focused on achieving organizational goals.

Here, we developed a new credit-granting sorting model for credit analysis in finan-
cial organizations based on a group decision, adopting the ELECTRE TRI-B method.
A flow diagram of the process was developed. This study proposes a methodology
that can serve as a tool for organizations.

The process was developed based on previous studies on methodologies applied to
financial institutions and the decision-making process. This study shows that there is a
need to understand how organizations can include their strategic objectives within the
context of credit analysis decisions based on a methodology that serves decision-making
groups. The study focused on understanding the process of decision-making. The devel-
opment of the approach followed the ELECTRE TRI-B methodology, which was applied
to classifying received proposals for borrowing within specific risk classes.

Finally, considering the criteria of use applicable in financial organizations, it was
possible not only to develop an approach that reached the objective of inserting stra-
tegic organizational goals in the context of the credit analysis decision but also show
that the approach contributes significantly to the resolution of corporate conflicts,
provides security for the DM, and minimizes the risks of credit-granting operations.
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Practical implications

The main problem that this new approach solves for an organization is the systematiza-
tion of the process. It causes the DMs to think about their analysis and its consequences
in an organized and directed manner, thereby allowing them to reflect and enable a more
secure means of reaching a decision.

Besides, other factors identified as problems of the organization’s current system are
minimized when using the proposed approach, such as the DM’s uncertainty, which is
minimized by having a systematic and defined means of analyzing each case. It also ren-
ders the emergence of informal groups unfeasible. Each DM should analyze the analysis
criteria individually using his/her perceptions; there is no reason for the DMs to dis-
cuss them with each other, consequently reducing organizational conflicts. In addition,
the fact that informal meetings are unnecessary reduces the possibility of corruption or
collusion among members of the analysis committee. Ultimately, because it is a defined
process, and each DM has autonomy, the methodology reduces interference in the pro-
cess. The DM will start his/her analysis independently of any external forces.

Meanwhile, this model’s flexibility allows its adaptation to various applications, regard-
less of the size or location of the organization. All that needs to be done is to re-evaluate
the criteria and analyze their importance.

Considering the results from the model and what to do with the proposals once ana-
lyzed and with a deferred decision, they follow directions and organizational decisions.
Operationally, this is equivalent to following the flow of operations that the organiza-
tion defines, and may be directed by the following: (1) approved proposals (C,) going
to the service units for signature collection and credit release actions on the applicant;
(2) proposals, decisions on which are forwarded for technical analysis (C,), have their
flow directed to a credit analyst, who in turn will make a more in-depth analysis of the
information provided by the applicant and decide on whether to recommend approval
(C,) or rejection (Cs) and, once agreed by the technical analyst, the proposal follows the
normal flow presented for the categories into which they fall; (3) proposals defined for
the rejected category (C;) will be returned to the service units that must communicate
the decision to the applicant. In the case of rejected proposals (Cs), they may re-enter
the system as a new proposal, if the proposer submits further information or guarantees.

Finally, when the credit-granting sorting model for financial organizations is imple-
mented, it will help to facilitate operations and offer more security in credit operations,
thereby giving more confidence that the invested capital will result in a return in the
expected terms and conditions, thus generating a competitive gain, and, consequently,
achieving strategic organizational objectives.

Given these benefits, it is worth mentioning the difficulties and barriers that can hin-
der the implementation of the model or even make the model’s functionality impossible
if not well worked out. The first barrier is organizational culture. For the model to be
effective, corporate culture must be strategically applied proactively. If the organization
is not yet prepared to receive the model, convincing presentations should be conducted
to prepare the organization for using the model.

The second barrier is the engagement and preparation of DMs. For the success of the
model, DMs must be committed and involved in the process. This commitment can
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come through personnel development activities, including training on operationalities,
objectives, and even the strategic organizational role.

The third barrier to implementing the model is the possible conflict with the organiza-
tion’s strategic decisions and the adopted criteria. The importance of an organization’s
strategic role is highlighted to solve this problem. It defends the idea that the model
applies to proactive strategic organizations. Once so, the definition of the criteria to be
adopted will be carefully considered and compared with the organization’s long-term
objectives. In this same line of thought, once the application of the model is defined, it
must meet the long-term strategic objectives of the organization, and the result of the
process must be organizational policy, overlapping other goals that, for now, may ques-
tion this decision from a strategic point of view. Changes in the criteria and parameters
of the model are possible, which leads to the need for a strategic review in pre-defined
periods of turbulence in the market, thus ensuring that the model always follows strate-
gic thinking.

The fourth and final possible barrier to implementing the model is the emergence of
new external or internal variables that affect strategic organizational thinking. In the
case of environmental situations or changes that affect the organization in its business,
further reflection on the model must be coordinated, leading, as stated, to the adapta-
tion and guarantee that the model always follows the company’s long-term objectives.

Theoretical contributions

While previous studies focus on the decision-making process by using multicriteria
methods in financial activities, this article offers an insight into how strategic organiza-
tional objectives can be implemented in a group credit analysis process. It was observed
that the nature of decisions in the financial arena requires different models, as the opera-
tional process can occur both in the individual sphere and in group settings.

This article theoretically contributes to the literature as a tool that considers the essen-
tial expectations of an economic environment aimed at obtaining results in the decision-
making process. In practice, this article helps financial organizations to conduct the
credit analysis process using a multicriteria method.

By applying the ELECTRE TRI-B multicriteria approach, this analysis shows that it is
possible to execute the proposed model within the credit analysis system operated by a
decision-making group. This strategic direction helps to meet the significant objectives
of the institution. This process is evident when addressing the organization’s strategic
goals and implementing them within a system to offer guidance for a decision-making
group. The methodology was prepared for this purpose, offering more security to DMs
when they make decisions.

Limitations and future research

The model presented for credit granting seeks to find solutions to real problems detected
in the organizational environment. This study’s limitations include many aspects that
influence this environment, including legal, cultural, and technological variables.
Another limitation is that individuals’ behavioral characteristics and how organizations

select and prepare people to play decision-making roles were not studied.
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This study is not an end in itself, as the application of this method might prompt new
sequential studies, involving new variables and applications for organizations. Many
studies could be conducted based on the contributions of this study, such as identifying,
within a behavioral context, the extent to which people are engaged in the decision-mak-
ing process and the extent to which DMs are willing to undergo professional develop-
ment to understand the strategic aspects of the organization. A research strand can be
defined to study how organizations select and prepare members of decision-making
groups to exercise this role in the context of credit analysis.

Another study that could grow from this model is analyzing how organizations
develop their strategic objectives and are concerned with this interconnection in the
decision-making process. The definitions of organizational strategies are varied, and
each organization can identify ways to link its strategy to its operations. Understand-
ing the variability in defining strategies, how administrative systems are maintained, and
how they affect the decision-making process can elucidate further theories focused on
corporate practices.

This article also presents the operational process of the method, but no software or
computer system was developed for application in organizations. Such software devel-
opment can be considered in future studies.

Finally, other models for GDM can be developed to complement the present work,
either by applying the methodology used or implementing other multicriteria methods

of decision-making that meet the sorting problem.
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