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RESUMO

Objetivo — Combinar o Método da Anélise Hierdrquica (AHP) e o Método de Borda como sugestdo para a tomada de
deciséo coletiva. Harmonizando a escala cardinal resultante do AHP com o Método de Borda, espera-se que a avaliagao
das alternativas de compra de helicépteros pela Marinha Brasileira maximize as opinides individuais na construgdo da
solugdo coletiva.

Metodologia — Qualitativa e quantitativa. Foram entrevistados os agentes envolvidos no projeto de aquisi¢do de
Helicopteros de Emprego Geral de Pequeno Porte da Marinha do Brasil — MB, dez pilotos e seis engenheiros militares da
Diretoria de Aerondautica da Marinha do Brasil no RJ. Os dados foram tratados combinando a escala cardinal resultante
do AHP com a proposta do Método de Borda.

Resultados — Analisando as PMG’s obtidas com o AHP, constata-se que a inconsisténcia dos julgamentos néo afeta
significativamente o resultado. Considera-se que ambos 0s processos sao capazes de promover dentro da Marinha do
Brasil um importante auxilio no processo de decisdo em uma compra de aeronave para compor e melhorar sua frota na
aviacdo naval. Da mesma forma, podem ser aplicados em situacdes similares de escolha entre alternativas excludentes.
Contribuicfes — A utilizagdo de ferramentas hibridas (fruto da combinagdo de métodos) em uma analise multicritério
auxilia as organizagdes a aproveitarem melhor os seus recursos disponiveis, principalmente em cenarios de decisdes
complexas. Contribui com a possibilidade de levar os gestores a uma reflexdo melhor sobre os limites de aceitacdo das
decisdes.

Palavras-chave - Decisdes coletivas; Multicritério; Método de Borda; Método de Anélise Hierarquica.

ABSTRACT

Purpose — A combination of the Analytic Hierarchy Process (AHP) and the Borda’s Method as a suggestion for
collective decision-making. By harmonizing the cardinal scale, resulting from the AHP, with the Borda’s Method, it is
expected that the evaluations of the alternatives for new helicopters maximize the individual opinions in the
construction of a collective decision.

Design/methodology/approach — Qualitative and quantitative. The agents involved in the project of acquisition of
helicopters for General Usage and Small Capacity for the Brazilian Navy were interviewed, ten pilots and six military
engineers from Aeronautics Board of the Brazilian Navy in Rio de Janeiro. The data were treated by combining the
cardinal scale resulting from the AHP with the method proposed by Borda.

Findings — Analyzing the MGP'’s obtained by AHP, it was possible to ascertain that judgment inconsistencies did not
affect the result. It is considered that both methods are capable to promote a helpful decision aid inside the BN in the
decision upon the purchase of an aircraft to substitute and enhance their naval aviation fleet. It is also considered that
both methods can be applied in similar situation of decisions between mutually exclusive alternatives.
Originality/value — The usage of hybrid decision aids (created by the combination of methods) in a multicriteria
analysis helps organizations make the best use of available resources, especially in complex decision scenarios. This
study helps decision-makers to reflect about the process’ tolerance limits.

Keywords - Collective decisions; Multicriteria; Borda's Method; Analytic Hierarchy Process.
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1. INTRODUCTION

The Brazilian Navy (BN) vision statement includes being “permanently ready to act
on the sea and interior waters, singularly or jointly” (MARINHA DO BRASIL, 2018). To
ensure that vision, the Navy’s aircraft fleet is being revitalized to attend their demand. Older
machinery requires higher investments and longer periods for maintenance, which has an
impact on their availability for missions.

According to the interview of Admiral Luiz Henrique Caroli, General Director of
Materials from the BN, submitted to the Aerial & Naval Defenses website and available at the
BN’s website, in 2016 the Navy received proposals for the acquisition of helicopters for
General Usage and Small Capacity - Project UHP (Portuguese initials). UHP Project is a
medium term goal of the BN and its purpose is to substitute all of the BN’s fleet of aircrafts
UH-12/13 (Squads HU-1, HU-3, HU-4 and HU-5) for new twin-engine aircrafts (PADILHA,
2018). These Fleet’s principal tasks are Save and Rescue (SAR), Medical Evacuation
(MEDEVAC), and Cargo and Troops Transportation. These tasks are all strongly connected
to sovereignty and troops safety.

The purchase of a helicopter for this type of service, besides the high impact on the
country’s budget, is a complex decision which directly affects the performance of the
Brazilian Navy on their main objectives. The Navy’s Commander (Comandante da Marinha
do Brasil) is the decision-maker, but he relies on technical reports, various evaluations and
perspectives obtained along the decision process. The Aeronautics Board of the Brazilian
Navy (DAerM — Portuguese initials) organizes a technical team, composed by pilots, military
engineers, and others, to perform a thorough analysis of each aircraft model.

Traditionally, complex decisions are analyzed using more than one criterion in a
combination that the literature refers to as ‘Multi-Criteria Decision Making’. To
mathematically threat the judgments made by decision makers, several methods have been
developed through the last decade, such algorithms are denominated as ‘multicriteria
methodology for decision aiding’ (ROY, 2013; YAGER, 2014.; GOMES, 2009; TREINTA et
al, 2014; ALMEIDA; GOMES; GOMES, 2012; CRUZ; BARRETO; FONTANILLAS,
2014).

Worthy of special mention during the opening session of the National Meeting of
Production Engineering (XXXVII ENEGEP), at Joinville-SC in 2017, Thomas Lorie Saaty




developed the Method of Analytic Hierarchy Process (AHP), one of the most known and
quoted methods throughout the world. Despite that, the application of this method to a
situation with multiple decision makers is not a consensus in the literature, which is the gap
this article aims to fill.

The question this article focus on is: What can be observed about the combination of
these methods applied to a problem of great magnitude? In this regard, the purpose of this
article is to combine the Borda's method and Analytic Hierarchy Process (AHP) as a
possibility to a multiple decision-makers situation. As will be presented, the Borda’s method
was developed to improve the results of a collective decision. Thereby, harmonizing with the
cardinal scale (LONGARAY et al.,, 2019) resulting from AHP, it is expected that the
evaluations of the alternatives for new helicopters maximize the individual opinions in the
construction of a collective decision.

A research at data base ‘Web of Science’, accessed through the website Periddicos
CAPES, with the words ‘multicritério’ (multicriteria) and ‘marinha’ (navy), using the
Boolean operator AND to fix the terms, did not identify scientific articles written between
1945 and 2019. The same response was obtained at SCOPUS and SciELO data bases. When
using the terms ‘multicritério’ (multicriteria) and ‘helicdpteros’ (helicopters), Web of Science
and SCOPUS had no entries. SciELO data base had only one article identified. This particular
article was about the identification of potential sites for Rainwater harvesting systems using a
multicriteria spatial analysis in a Geographical Information System (GIS) environment at the
East of Mexico State, aiming to use this sites for Aerial firefighting with a helicopter. This

database search reinforces the originality of this article’s subject.

2. THEORETICAL FRAME OF REFERENCE

The first multicriteria methodologies began with operational research techniques that
were developed during the Second World War and had the United States Air Force as an
important study Centre. There a research group under the name of Scientific Computation of
Optimum Program — SCOP was organized with the purpose of solving the delicate problem of
allocating limited resources aiming to achieve the targets set (RASKIN, 2016, LOESCH;
HEIN, 2017). Many methods were created throughout the years. The Table 1 below highlights

some of these methods, classified according to Wang et al (2009) categories:
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Table 1 - Multicriteria Methods

Category Method Seminal Authors
Classics Dominance Order Pareto (1896)
Maximin / Maximax Wald (1945)
Lexicographic method Chvatal and Chvatal (1983)
Borda Borda (1781)
Condorcet Condorcet (1788)
Single criteria approach Smarts Edward and Barron (1994)
(American School) AHP Saaty (2014)
Macbeth Bana e Costa and Vansnick
UTA (1993)
Todim Jacquet-Lagreze and Siskos
(1982)
Gomes (2009)
Outranking Method (French Electre Roy (2013)
School) Promethee Brans and Mareschal (1990)

Source: The authors.

Besides that, Roy and Bouyssou (1993) present four problems related to decision aid,
classifying them according to their objectives:

1. Question description and cognition — which focuses in clarifying the decision by
describing it in proper language (e.g.: brainstorming).

2. Selection Problem — which aims to select an alternative (e.g.: where to go during a
vacation?).

3. Order Problem — of which the goal is to create a rank with the alternatives (e.g.:
sports championships).

4. Classification Problem — which focuses on the screening process of the alternatives
in predetermined categories, which may or may not be ranked (e.g.: classification of dogs
according to their breed).

Hereinafter, both methods used in this article will be further detailed.

2.1. Borda’s Method

Jean-Charles Borda’s method, developed circa 1780, presented an alternative electoral
voting system (MELLO, 2002). One of the issues with the traditional electoral system is that
the most voted candidate (best option) can also be the candidate with the highest rate of
rejection. Hypothetically, if at the back of the ballot paper there was an additional choice to be




made: ‘mark the worst desirable candidate’, it would be possible that the candidate with more
votes in favor would also be the one with more votes against (BORDA, 1781).

The system of ‘one man, one vote’ can be mathematically translated by the attribution
of one point for the chosen alternative and zero for all the others — not being possible for each
decision-maker individually to indicate a second option. According to our current election
system, the second place is the candidate with the second highest number of votes, which
does not necessarily indicate each voter’s second choice. Besides, the electoral method is
sensible to the withdrawal of a possible candidate. When one alternative is excluded, the votes
that were originally assigned to it are relocated to other alternatives, what may lead to
significant changes on the result (PRZEWORSKI; STOKES; MANIN, 1999).

To solve these issues, Borda proposed that instead of choosing one favorite alternative,
the decision-maker created a ranking of the alternatives according to their preferences
(CRUZ; BARRETO; FONTANILLAS, 2014). The rankings would form ordinal scales in
accordance with the amount of available options, varying from 1 (lowest rating) to n (highest
rating), for n alternatives.

To illustrate the method: in a system with three alternatives, the best option would
receive three points, the second would receive two points, and the last would receive only one
point. This way, in a collective decision, the “winning” alternative would be the one with the
highest final rating, obtained by the summation of points attributed to the alternatives by each
decision-maker.

One logical and important mathematical ascertainment is that the final result will be

the same whether using the summation of points or the arithmetic average.

2.2.  Analytic Hierarchy Process — AHP

Developed in the 1970’s by Saaty, the Method of Analytic Hierarchy Process (AHP)
has been extensively used as an aid for multicriteria decision-making. The popularity of this
tool is due to the fact that this method reflects our intuitive and simple way of decision
making, it utilizes simple mathematical resources and allows a broad application range
(OLIVEIRA, 2017). According to Saaty (2014), the method structures the decision-making

process, which makes it more agile and improves the approach of the problem. Saaty (2014)
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also emphasizes that AHP helps to quantify subjective judgements and transforms them in a
set of priorities that can be used to support decisions.

Stecyk (2018) explains that the method has three stages: building a hierarchical
structure, defining priorities, and checking the logical consistency. As ascertained by the
method’s creator (SAATY, 2014), there are no inviolable rules for creating a hierarchical
structure, but he suggests a few options. Typically, at the higher level is the main goal; after
that there are the criteria that must be fulfilled in order to achieve the goal; and at the lower
level there are the alternatives that must be chosen or prioritized. The goal and the criteria
may be subdivided as much as needed to ensure that all aspects are appropriately analyzed.

Based on these steps, a structure similar to the one depicted on Figure 1 is created.

Figure 1 — Method of Analytic Hierarchy Process.

GOAL [ Goal of the Decision }

_—

CRITERIA (criterion 1] criterion 2

ALTERNATIVES | Alternative 1 Alternative 2

Source (Adapted from): (OLIVEIRA, 2017).

The ‘defining priorities’ stage includes the following steps:

a) Pairwise comparisons: a numerical weight is attributed to each criterion,
according to their relative importance (Table 2). Alternatives are evaluated
according to their relative importance, through pairwise comparison, using a Saaty
Scale, that attributes absolute numerical values to quantitative and qualitative
judgments (DANTAS, 2016).
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Table 2 — Saaty’s scale with 9 fundamental weights for pairwise comparisons
Verbal Scale Numerical Scale

Equal importance 1
Moderate importance of one over another 3
Essential importance 5
Demonstrated importance 7
Absolute importance 9
Intermediate values between the two adjacent judgments 2,4,6,8

Source: (STECYK, 2018).

Considering that, Stecyk (2018) argues that the amount of judgments necessary to
create a square pairing matrix A is n(n-1)/2, where n is the number of elements in each matrix.

The elements of matrix A are defined by the following conditions:

| a, - da, | a, ::-l'J::-posr’rr’ve

4= L . .| . where:
: : ST / = reversible
1 1 e 1
a, 2 | a; = consistency

b) Calculation of normalized square pairing matrix.

c) Calculation of mean local priorities (MLPs), that are obtained for each item of
judgment or normalized matrix. MLPs are the mean of each column of a
normalized matrix (TRAMARICO, 2016).

d) Calculation of global priorities, to create a vector of the mean global priorities
(MGPs) that summarizes the priority associated with each alternative regarding
the main goal (STECYK, 2018).

Tramarico (2016) suggests that even when pairwise comparisons are based on
experience and technical knowledge, inconsistencies may occur — especially when working
with a higher number of judgements. So, the final stage of the Analytic Hierarchy Process is
to verify the level of inconsistencies in the pairwise comparison matrix.

Stecyk (2018) calculates the consistency ratio by C.R. = C.I/R.l., where R.I. is a
random consistency index generated for a square matrix of size n, with non-negative elements

and automatically generated. The consistency index C.I. is given by the equation C.I. = (Amax




—n)/(n-1), where Amax is the largest own size of the matrix. Saaty (2014) considers that
consistency ratios of less than 0.1 are acceptable, once comparison matrices are created by

human judgments, which are intrinsically inconsistent.

3. METHODOLOGICAL PROCEDURES

The data that are the corpus of this article are of mixed nature: qualitative and
guantitative (COOPER; SCHINDLER, 2016). This research’s universe is composed by agents
involved in the project of acquisition of helicopters for General Usage and Small Capacity for
the Brazilian Navy, with the purpose of buying small-sized twin-engine military aircrafts to
substitute the UH-12 and UH-13. Project UHP, as called by the BN, will impact squads HU-1,
based at S&o Pedro da Aldeia - RJ, HU-3 based at Belém - PA, HU-4 based at Ladario - MS
and HU-5 based at Rio Grande - RS. A non-probabilistic sample was utilized, and it was
selected because of its accessibility (FREITAG, 2018) during interviews with agents involved
in the UHP Project. The sample consists in ten pilots and six military engineers from
Aeronautics Board of the Brazilian Navy (DAerM).

The main goal of the interviews with the military staff was to collect data about their
preferences regarding the question: which is the best helicopter model to meet the naval
aviation demands of the Brazilian Navy. Interviews took place at military base of the BN in
Rio de Janeiro, during approximately 30 minutes each, and consisted in creating pairwise
comparison matrices, as described in item 2.2. After that, the interviewed officials analyzed
the importance of each criterion for this particular project, being the main goal to maximize
the positive effects of this purchase for the Brazilian Navy.

Once all the data was collected, the researchers submitted the responses to the
mathematical treatment proposed by Saaty (2014) using, for such, the IPE 1.0 software. That
made possible to generate the individual scales of preferences. Means and standards deviation
were calculated to be applied to Borda’s Method in order to achieve a collective decision.

Case studies, like the one here presented, are particularly interesting for explanatory
studies and for building theories (EISENHARDT, 1989). Yin (2013) established robust
procedures for the development of case studies, which have been followed by the researchers

regarding the format of the interviews and data evaluation.




4. PROPOSAL FOR COMBINING BORDA’S METHOD WITH AHP

This paper proposes the combined usage of two methods to achieve a more adequate
solution to the problem. Nevertheless, when the decision-maker compares alternatives
through a direct judgment (graduation with a numerical value), some complicating factors
must be considered. Dilemmas related with this kind of decision were described by Cruz,
Barreto and Fontanillas (2014): (a) the brand’s dilemma: when the decision-maker has a
strong difficulty to address a low rating score to alternatives that he, beforehand, considers a
good option or vice-versa. That happens when a decision-maker has a preliminary concept
that an alternative is good or bad. Lately, neuroscience explains this type of behavior due to
variations of dopamine levels (molecule that allows neurons to communicate), highlighting
that human beings have the tendency to repeat decisions that lead to good previous
experiences and to repel those that had been bad (LEHER, 2010); (b) the teacher’s dilemma:
when the decision-maker, analyzing too many alternatives in a row, has a difficulty to keep a
pattern of evaluation. Frequently, the exhaustion caused by complex decisions leads to a
relaxation of the original pattern.

Authors also point out that, when using Borda’s Method, the decision-maker is
subjected to a mathematical imprecision that becomes more perceptible when there is a
greater discrepancy between the level of preference for each alternative. That occurs because
when utilizing an ordinal scale to perform the judgment, all alternatives remain equally
spaced in the order of preference created. In other words, when Borda suggested the use of a
rating system that is formed with integral and sequential numbers (1, 2, 3, ..., n), he made the
decision-maker consider that the alternative that received two points has double the
preference of the one that received one point.

This example demonstrates the imprecision in the hierarchy of preferences made by
the decision-maker when using an ordinal scale as proposed by the Borda’s Method. That
makes it necessary to implement a cardinal scale (LONGARAY et al., 2019). However, to let
the decision-maker freely rate the alternatives in a cardinal scale would incur in a reversion
for the original voting system (one man, one vote), since the decision-maker can give points
only for his favorite option, and leave the other options with no points, deliberately. Besides,
even if well intended and in a fair judgment, a decision-maker would be susceptible to the

dilemmas presented by Cruz, Barreto and Fontanillas (2014). The current paper proposes, in




order to avoid these issues, the usage of the cardinal scale from Saaty’s Method of Analytic
Hierarchy Process (AHP), which then will be used to create the rating for using Borda’s
Method.

As a result, it is expected that the Borda’s scale crafted as proposed, will more
accurately represent the order of preference of the decision makers and that the pairwise
comparison will lessen the effect of the decision-makers’ dilemmas. The main goal is to
enhance the sensibility of the result obtained by the Borda’s Method by using an indirect

ordinal scale based on judgments made on a cardinal scale (AHP).

5. CASE PRESENTATION AND FINDINGS

The UHP Project aims to purchase light military aircrafts to substitute the helicopters
UH-12 and UH-13, that compose the naval aviation fleet of squads HU-1 at Sdo Pedro da
Aldeia — RJ , HU-3 at Belém — PA, HU-4 at Ladario — MS, and HU-5 at Rio Grande — RS.
The replacement of this aircrafts will increase the availability of the squads, and their
operational capacity. For this Project, it is important that the helicopter is versatile and fulfills

all the requirements prescribed by the navy.

5.1.Criteria

For selecting a helicopter for military usage defined at UHP Project, the following

criteria are decisive:

a) Cruise Speed: the highest velocity developed by the aircraft without affecting
normal flight levels, which means no increase in fuel consumption, trepidation, or
noise level.

b) Maximum Endurance: Since many missions are performed above the ocean, with
no possibility for refueling, the maximum endurance will be evaluated.

c¢) External Load Capacity: Load Capacity through a hook connection. Hook is an
attachment placed at the bottom of the aircraft through which it is possible to
carry loads. This function allows transport of supplies to isolated regions where
access by ship is restricted.

d) SAR/MEDEVAC Configuration: Save and Rescue configuration is used to locate
people, aircrafts or vessels that disappear along the Brazilian coast. Medical




evacuation consists in transferring hurt/sick people from vessels along the coast to
a medical care facility. For this type of missions, the helicopter must have a seat
configuration that allows, at least, one stretcher plus two seats (one for a
healthcare professional and other for the flight mechanic.

e) Number of Crewmen: These aircrafts will also be used for passenger’s
transportation. In this criterion, only the number of crewmen besides the fixed
crew will be considered (two pilots and one flight mechanic).

Due to national security restrictions, this article will stick to public domain criteria.

Price and weaponry configuration will not be evaluated.

5.2.Alternatives

The alternatives for the AHP are the aircrafts presented to the Brazilian Navy,
according to interview of Fleet Admiral Luiz Henrique Caroli, Navy’s Materials General
Director (PADILHA, 2018). These helicopters are the following:

a) AW 109: produced by AgustaWestland, is a small-sized general usage helicopter,
with cruise speed of 285 km/h and endurance of 01h30min. For missions of
SAR/MEDEVAC, it is capable to transport one stretcher and three extras seats. Its
HOOK equipment can handle load transfers up to 1,000 kg. For passenger’s

transport, this aircraft can carry five passengers.

Figure 2 - AW 109

Source: Manufacturer website. Available at http://www.leonardocompany.com/-/aw109-power-2.

b) BELL 429: Model offered by BELL HELICOPTER Manufacturer, with flight
endurance of 3h and cruise speed of 272 km/h. For SAR/MEDEVAC missions, can
carry one stretcher and two extra seats. Its HOOK equipment can handle loads up to

1,200 kg. For crew transport, this helicopter has 5 seats available.
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Figure 3 - BELL 429

Source: Manufacturer website. Available at http://www.bellflight.com/commercial/bell-429.

c) EC 645: produced by EUROCOPTER in a partnership with HELIBRAS, it has
a cruise speed of 252 km/h and endurance of 3h30min. It is capable of
transporting 8 passengers and its HOOK equipment can sustain loads up to
1,500 kg. For the SAR/MEDEVAC Configuration, this aircraft can carry one

stretcher plus six passengers, or two stretchers and 3 passengers.

Figure 4 — EC645

Source: Manufacturer website. Auvailable at

http://www.helibras.com.br/website/po/ref/H145M_35.html.

5.3.Findings and Discussions

To judge the alternatives according to the stablished criteria, sixteen military officials

of the Brazilian Navy were selected, in a group composed by pilots and engineers. These

military men were divided in two groups according to their duty. The first group, called the

technical team, is composed by six engineers involved in the UHP Project. The second group

is formed by ten military pilots, all of which, besides knowing the characteristics of each

aircraft, will also base their judgment on their own personal experience as pilots for the

Aeronautic Naval Department of the BN.
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Once the judgement of the alternatives was made by the respondents, the data was
input to the software IPE 1.0, which performs the calculations of AHP’s Method (SAATY,
2014). The software normalizes the matrix, calculates MLP’s, GMP’s and C.1.’s, and presents
the results for the evaluation of the decision-maker. The results were analyzed first for each
individual group (technical team/pilots), and then merged to point a final decision.

Due to restricted access, it was not possible to schedule a second meeting to
consolidate the judgements first made in an effort to diminish the inconsistency levels found.
Therefore, in this article, results with an inconsistency rate of over 10% will be analyzed. That
can be considered as a limitation of this work, but it does not preclude the findings of this
article. The MLP’s of the responder’s judgements are presented below, and the

inconsistencies ratios are highlighted.

Table 3 — MLP of alternative’s judgement — Technical Team

TEC | TEC | TEC | TEC | TEC | TEC
1 2 3 4 5 6 |MEAN| SD
AW 57 | 57 | 57 | 67 | 57 | 65 6.0 0.4
BELL 295 | 295 | 295 | 46.7 | 295 | 23.4 | 314 | 7.2
Endurance
EC 64.8 | 648 | 64.8 | 46.7 | 648 | 701 | 627 | 7.4
£ IC 7 7 7 0 7 | 406 | 114 | 133
% AW 60.7 | 65.8 | 57.4 | 633 | 63.3 | 9 53.3 | 20.0
2 . BELL 303 | 25.3 | 286 | 26 26 | 60.7 | 32.8 | 126
<= Cruise Speed
3 EC 9 8.9 14 | 10.7 | 10.7 | 30.3 | 139 | 75
2 IC 119 | 265 | 11.8 | 33 | 3.3 | 11.9 | 1145 | 7.7
%’m AW 88 | 71 | 88 | 107 | 6 | 106 | 87 | 17
[
S Load Transport BELL 243 | 18 | 243 | 26 19 26 | 229 | 3.2
8 EC 66.9 | 749 | 669 | 633 | 75 | 63.4 | 68.4 | 4.9
g IC 06 | 25 | 06 | 33 | 189 | 3.3 4.9 6.4
3 AW 50 | 88 | 20 | 83 | 88 | 102 | 103 | 45
S SAR/MEDEVAC BELL 174 | 243 | 20 | 193 | 243 | 211 | 211 | 25
o Configuration EC 76.7 | 669 | 60 | 72.4 | 66.9 | 68.7 | 68.6 | 5.2
3 IC 214 | 06 | 0 | 57 | 06 | 12 | 77 | 98
o AW 158 | 143 | 20 | 143 | 11.1 | 143 | 150 | 2.7
BELL 187 | 143 | 20 | 143 | 11.1 | 143 | 155 | 3.0
Crewmen
EC 655 | 714 | 60 | 714 | 778 | 71.4 | 696 | 5.6
IC 25 0 0 0 0 0 0.4 0.9

Source: The authors.
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Table 4 — MLP of criteria’s judgement — Technical Team
TEC | TEC | TEC | TEC | TEC | TEC

1 2 3 4 5 6 |MEAN| SD

Endurance 229 | 451 | 43 | 323 | 451 | 482 | 33.0 | 155

Cruise Speed 42 | 181 | 87 | 47 | 181 | 264 | 134 | 8.1

MAIN Load Transport 19 | 169 | 236 | 139 | 169 | 134 | 173 | 34

GOAL | SAR/MEDEVAC Config. | 31 | 2.8 | 152 | 362 | 28 | 34 | 152 | 13.8

Crewmen 229 | 171 | 482 | 129 | 171 | 86 | 211 | 129

IC 3 62 | 73 | 6.4 | 62 | 275 | 18.7 | 21.0

Source: The authors.
Table 5 - MGP — Technical Team

TEC | TEC | TEC | TEC | TEC | TEC
1 2 3 4 5 6 |MEAN| SD

AW 11 |18.37| 20 |11.46|17.17| 851 | 144 | 43
MGP BELL 22.3 | 24.03 | 22.17 | 28.74 | 23.79 | 32.7 | 25.6 3.8
EC 66.7 | 57.6 | 57.83 | 59.8 | 59.04 | 58.79 | 60.0 | 3.1

Source: The authors.

At the endurance criteria, although the inconsistency level of Technician 6 is the
highest for Table 3, a pattern of preference for Eurocopter’s alternative by the technician in
this aspect is perceptible.

Analyzing the judgments of this criteria (Table 3), it is possible to infer that, if using
the traditional election system (BORDA, 1781), the engineers 1, 2, 3, 5 and 6 would have
voted for Eurocopter’s aircarft — because it had the highest score. Technician 4 seems to find
Bell’s helicopter as good as Eurocopter’s in this criterion. If he had voted for Eurocopter, it
would have 100% of the votes, and the others would have 0%. If he had voted for Bell, the
result would be 83% in favor of Eurocopter (5 votes out of 6) and 17% for Bell. Whereas
MLP of endurance criterion indicates a mean preference of 6% for AW109 Helicopter, 31.4%
for Bell and 62.7% for Eurocopter. This difference underlines that the traditional election
system method points out a solution but is not precise regarding order or categorization
(ROY; BOUYSSOU, 1993). The cardinal scale (LONGARAY et al., 2019) generated through
AHP (SAATY, 2014) offers a more accurate solution, despite the inconsistencies — which
would probably exist, even in traditional election.

About the Cruise Speed criterion, technicians were more inconsistent in the answers.

Although the answers of engineer 2 are more inconsistent than those of engineer 6, when




compared with mean values, technician’s 2 values are closer to the global result. In this
criterion AW109 aircraft is the preferable one, and EC645 had the lowest score. Analogously
to the previous analysis, all but technician 6 would have voted for AW109, and that would
generate a preference rate of 83% for AW if using a traditional election method (BORDA,
1781). The Saaty’s scale (2014) once more demonstrates to be more adequate to solve
problems of order and classification (ROY; BOUYSSOU, 1993). The Standard deviation of
this criterion is the highest calculated, and the one that would have the highest impact in the
decision of which aircraft to choose.

Criteria of Load Transport, SAR/MEDEVAC Configuration, and Crewmen present a
high level of inconsistency in the answers of some member of the group but, as in the
Endurance criterion, calculated values are consistent with the results obtained by the Mean. In
these criteria, the Saaty’s scale (2014) also seems more adequate, because it addresses the
problems of order and classification more precisely (ROY; BOUYSSOU, 1993).

According to the Means calculate in Table 4, the criterion of Cruise Speed has the
lowest score, so that criterion would have the least impact on the final decision, and this
diminishes the impact of this data on Table 5. However, inconsistency levels and high
standards deviation make it important that this criterion is further analyzed.

There was a greater variation in the hierarchical order in which each criterion was
analyzed (Table 4), when in comparison to the alternative’s analysis, where most technicians
had a consistent judgment, at least in an ordinal scale. Considering a decision process where
the most voted alternative was the one elected as the critical one, it is identifiable that three
technicians (2, 5 and 6) would consider endurance as the most important, technician 3 would
choose Load Transport, technician 4 would choose SAR/MEDEVAC Configuration and
technician 1 would consider Endurance as important as Crewmen capacity. Yet again the
scale proposed by Saaty (2014) allows an enriched analysis, offering more information about
the ‘voters’ decisions. Applying Borda’s proposal to this situation, in other words, creating an

ordinal scale with the votes of Table 4, the following would be observed:




Table 6 — Comparison AHP X Borda

TEC1 | TEC2 | TEC3 | TEC4 | TEC5 | TEC6 | SUM | AHP
Endurance 5 5 1 4 5 5 25 33.0

Cruise Speed 1 4 2 1 4 4 16 13.4

Load Transport 2 2 4 3 2 3 16 17.3
SAR/MEDEVAC Config. | 3 1 3 5 1 1 14 15.2
Crewmen 4 3 5 2 3 2 19 21.1

Source: The authors.

In this case, the original proposal made by Borda (1781) suggests the following order
of preferences: the most relevant would be endurance (25 points), followed by the Crewmen
Capacity (19 points), then a tie between Cruise Speed and Load Transport (16 points each)
and the least relevant would be the SAR/MEDEVAC Configuration (14 points). As proposed
by this article, by using AHP (SAATY, 2014) as a score for Borda’s Method (Borda, 1781),
the preference order would be: (a) endurance (the same as was obtained using Borda’s
Method); (b) Crewmen capacity (also consistent in both methods); (c) Load Transport, (d)
SAR/MEDEVAC Configuration, and (e) Cruise Speed. These three criteria had a rank
reversal compared to Borda’s Method. Cruz, Barreto and Fontanillas (2014) had already
pointed out that this could happen and emphasized that AHP is more appropriate for these
types of qualitative judgements.

At last, the agglutination of results (MGP) corroborates the selection of Eurocopter’s
aircraft by the technical team. The only criterion where this aircraft did not obtain the best
evaluation was Cruise Speed, but since this criterion was one of the least important according
to their evaluation, it did not affect the global result.

Further analysis of the global result according to the technical team shows that the
cardinal scales (LONGARAY et al., 2019) mean preferences indicates around 60% for
Eurocopter, 25.6% for Bell’s helicopter and 14.4% for AW. All technicians chose Eurocopter
as their favorite one. This means that in a traditional voting system, questioned by Borda
(1781), it would be elected with 100% of the votes. If, hypothetically, at the moment of
purchase, the company had an internal problem and could not attend the demand, the purchase

would be cancelled and another selection would have to be made, because there would be no
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data about a second best option. This information is only available due to the analysis
proposed by Saaty (2014).

Table 7 — MLP of alternative’s judgement — Pilots’ Team

Source: The authors.

PIL
PIL1|{PIL2|PIL3|PIL4|PIL5|PIL6|PIL7|PIL8|PIL9| 10 MEAN SD
AW 5.7 7.4 5.2 5.7 5.7 5.2 7.4 6.6 6.6 5.7 6.1 0.8
BELL | 295 | 283 | 31.6 | 295 | 295 | 26.3 | 28.3 | 31.1 | 31.1 | 295 29.5 15
Endurance
EC 64.8 | 643 | 63.2 | 648 | 64.8 | 685 | 64.3 | 62.3 | 62.3 | 64.8 64.4 1.7
IC 7 5.6 11.9 7 7 26.7 | 56 | 119 | 11.9 7 10.16 6.0
% AW | 63.3 | 60.7 | 63.3 | 60.7 | 724 | 429 | 65.8 | 57.4 | 63.3 | 64.3 61.41 7.2
. . BELL | 26 30.3 26 30.3 1193 | 429 | 25.3 | 28.6 26 28.3 28.3 5.7
» Cruise Speed
% EC 10.7 9 10.7 9 83 | 142 | 8.9 14 107 | 74 10.29 2.2
é’ IC 33 | 119 | 33 | 119 | 57 0 265 | 11.8 | 3.3 5.6 8.33 7.3
*3, AW 8.3 7.2 8.8 | 10.6 6 5.9 7.2 8.8 14 7.1 8.39 2.3
"E BELL | 19.3 | 23.2 | 24.3 26 19 174 | 23.2 | 24.3 | 28.6 18 22.33 3.5
5 Load Transport
é EC 724 | 69.6 | 66.9 | 63.4 75 76.7 | 69.6 | 66.9 | 574 | 749 69.28 5.6
,§ IC 57 | 16.3 | 0.6 3.3 | 189 | 274 | 163 | 06 | 118 | 25 10.34 8.7
§ AW 7.2 10.2 | 111 8.3 5.6 5.9 8.1 8.8 20 5.7 9.09 4.0
o
& SAR/MEDEVAC BELL | 232 | 21.1 | 111 | 193 | 242 | 174 | 168 | 24.3 20 295 20.69 4.8
= Config. EC | 696 | 687 | 77.8 | 724 | 702 | 767 | 751 | 669 | 60 | 648 | 7022 | 52
5 IC 16.3 12 0 57 | 187 | 274 | 121 | 0.6 0 7 9.98 8.6
AW 143 | 143 | 11.1 20 69 | 11.1 | 143 20 143 | 111 13.74 3.8
BELL | 143 | 143 | 11.1 20 155 | 11.1 | 143 20 143 | 11.1 14.6 3.1
Crewmen
EC 714 | 714 | 77.8 60 776 | 778 | 714 60 714 | 77.8 71.66 6.5
IC 0 0 0 0 7.1 0 0 0 0 0 0.71 2.1
Source: The authors.
Table 8 - MLP of criteria’s judgement — Pilots’ Team
PIL | PIL | PIL | PIL | PIL | PIL | PIL | PIL | PIL | PIL
1 2 3 4 5 6 7 8 9 10 | MEAN | SD
Endurance 26.6 | 229|141 (493|451 (208 (211165203 4.3 24.1 12.9
?EI Cruise Speed 4 42 | 36 | 93 |181| 87 | 45 | 54 | 203 | 8.7 8.68 5.7
8 Load Transport | 47.3| 19 |22.1|13.9|16.9|21.2|27.2|458|11.8|23.6 | 2488 | 11.7
= SAR/MEDEVAC
b Config. 104 | 31 |301|222| 28 |135| 38 | 58 |40.2| 152 | 2092 | 12.7
= Crewmen 1171229301 | 53 | 171|358 | 9.2 | 265 | 7.4 | 482 | 2142 | 13.2
IC 2.7 3 106 | 7.5 62 | 495|134 | 15.1 8 7.3 17.91 195
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Table 9 — MGP of Pilots” Team

PIL1|PIL2|PIL3|PIL4|PIL5|PIL6|PIL7|PIL8|PIL9]|PIL10]|MEAN| SD
AW [10.4212.06 |11.68|12.83|17.98|10.84 |10.83|14.04|24.96 | 13.74 | 13.94 | 4.2
MGP | BELL | 22.1 [21.98|17.43|26.32|23.32[19.24 | 21.09 | 24.53|24.09| 17.81 | 21.79 | 2.8

EC |67.48|65.96|70.89 |60.85| 58.7 |69.92 | 68.08 | 61.43 | 50.95 | 68.45 | 64.27 | 5.9
Source: The authors.

With rare exceptions, like the evaluation of Pilot 6 on Speed Cruise criterion, all
values attributed to aircrafts are consistence with calculated means and present a lower
standard deviation from the ones calculated for the Technical Team judgements. The
preference for the helicopter EC645 was a constant, except for the Cruise Speed criterion. The
inconsistency was more frequent, which means more pilots were inconsistent in their
judgements, but the inconsistencies’ means were numerically lower.

In accordance with the calculated means, the criterion of Cruise Speed would be the
least important to the general evaluation of the aircraft, and in the individual judgements the
score of this criterion never surpassed 21%. This criterion, that is the only one where EC645
was the best evaluated, has a smaller weight in the outcome result.

The criteria judgment (Table 8) instead presents inconsistency levels equivalent to the
ones presented in the technicians’ judgments (Table 4). Standards deviation had similar levels
in the judgement of pilots. It is noteworthy that Pilot 5, which had a higher level of
inconsistency, was far from the patterns of means calculated for other pilots. For this member
of the group Endurance has a greater importance than the calculated mean for the group, and
Cruise Speed and Configuration has a rank reversal. It is possible that this happens because of
the inconsistency level. However it is not unexpected that pilots with different backgrounds
would prioritize criteria in accordance with the missions they are most familiar with, since the
aircrafts of this project have a wide range of application.

The summarization of results from the Pilots” Team (Table 9) demonstrates a clear
preference for the Eurocopter aircraft. As it happened with the Technical Team, the criterion
in which EC645 was the least interesting choice was not decisive for the final result. Standard
deviation between the alternatives from pilots’ team was also low, despite the level of
inconsistency of the analyzed answers.

In an analysis equivalent to the one performed for the Technical team judgement, an
evaluation of the method of traditional electoral vote has shown to be inefficient, as suggested




by Mello (2002). However, as described by Cruz, Barreto and Fontanillas (2014), when
comparing answers with the original Borda’s Method and the adaptation proposed by this
article (as the example of Table 6), using AHP to create a cardinal scale to be implemented to
Borda’s allowed a better analysis of the answers — and could even be used in a possible audit
of the decision process.

The aggregated results of calculations of local and global priorities for the whole

group are as follow.

Table 10 — MLP — Global Result

MEAN SD
AW 6.1 0.7
Endurance BELL 30.2 4.7
EC 63.8 4.8
IC 10.6 9.5
AW 58.4 14.1
Speed Cruise BELL 30.0 9.2
= EC 11.7 5.2
§ IC 9.5 7.6
5 AW 8.5 2.1
oy

.8 | Load Transport BELL 22.6 3.4
S EC 69.0 5.4
LZ) IC 8.3 8.4
g AW 9.6 4.3
SAR/MEDEVAC | BELL 20.8 4.1
Config. EC 69.6 53
IC 9.1 9.1
AW 14.2 3.5
BELL 14.9 3.1

Crewmen
EC 70.9 6.2
IC 0.6 1.8

Source: The authors.

Table 11 — MLP Criteria — Global Result

MEAN SD
2;' Endurance 274 14.6
8 Speed Cruise 10.4 7.1
<ZE Load Transport 22.0 10.1
= | SAR/MEDEVAC Config. 18.8 13.4




Crewmen

21.3 13.1

IC

18.2 20.1

Source: The authors.

Table 12 — MGP — Global Result

MEAN sD
5 AW 14.1 4.3
10 ]
O®» |BELL 23.2 37
1 L
ox |EC 62.7 5.5

Source: The authors.

Global results represent the agglutination of the judgement of both teams, technicians

and pilots, and maintains the previous verified preference. Eurocopter’s EC645 was the

chosen one with 62.7% of preference. Since the inconsistencies found throughout the
judgements exceeded the 10% recommended by Saaty (2014) and due to the impossibility of

refining the judgement matrices, a new calculation was made with only coherent judgements.

The results obtained are depicted at Table 13.

Table 23 - MGP — Without Inconsistent Judgements

Global
MGP

AW 14.7
BELL 23.3
EC 62.0

Source: The authors.

Deviations were under 1%, validating the initial assumption that the inconsistence in

the judgements would not invalidate the calculated result. In another approach, the numbers of

Table 14 were calculated using the parity judgement to create a Borda's scale.

Table 34 — MPG calculate with Borda’s Method

Global
PMG

AW 17
BELL 31
EC 48

Source: The authors.




From an ordinal point of view, the hierarchy is maintained. But there is an interesting
change in the cardinal positioning, which was intended to be demonstrated with the
combination of methods proposed.

The EC645 that had a preference margin of 40%, has a margin of only 17% over the
Bellflight aircraft. With the usage of parity judgements with the Saaty’s scale to construct the
Borda’s scale, rank reversal is prevented, but part of the sensibility is lost with a significant
reduction of perceived preference between alternatives. However, this adjustment of the
Borda’s method ensures that dilemmas of direct valuation are avoided and guarantees a higher
level of coherency when compared to a directly created scale of Borda (1781).

6. CONCLUSION

The purpose of this article was the question: “What can be observed about the
combination of these methods applied to a problem of great magnitude?”. As observed
throughout this article’s discussions, the usage of hybrid decision aids (created by the
combination of methods) in a multicriteria analysis helps organizations make the best use of
available resources, especially in complex decision scenarios. In this particular case, it is
worth to highlight that the ‘election’ of best aircraft respected the individual hierarchies
(cardinal scales) generated through parity judgements.

However, it is necessary to address the level of inconsistency on the decision-makers’
judgements. Saaty (2014) suggests that inconsistency levels up to 10% can be considered
acceptable. That is justifiable by the fact that all human judgements can be intrinsically
inconsistent but, as shown by this article’s example, complex problems can generate higher
levels of inconsistency. A reflection on this result or a possible follow up study addressing
this issue would be the proposal of a scientific study focusing on aggregated inconsistency
levels. One possibility would be the usage of methods like MACBETH (LAMAS LEITE et
al, 2017), because they do not generate inconsistent scales once the program blocks this type
of judgement. But, when applied to an organization with a rigid hierarchy and with a strict
line of command, like the Brazilian Navy, how could the analyst report to the Commander
that he should redo his analysis, because he was inconsistent?

More refined tools and methods that demand a specific software can narrow down the

calculus and allow applications that go beyond the ‘best choice’ decision. The downside is




that it demands more time and trained labor than less sophisticated methods, such as Borda.
The proposal of this article to create a preference scale of Borda through the parity
judgements of AHP diminishes the effect of judgers’ dilemma on the decisions.

What could be considered a limitation of this study is that such combination does not
preserve the cardinal distribution of the alternatives, and so cannot be applied for resources
allocation and probabilities judgements as proposed by Saaty (2014). Nonetheless, for cases
of selection of a preferential alternative, it would be a more objective, quicker, and less
complex solution.

Due to the application of this methodology, it was easy to identify, after a revision of
the Theoretical Frame of Reference, that this combination makes the decision more precise —
for organizations as the Brazilian Navy, and for big companies that compete in the global
market as well, where this kind of decision demands precision/sensibility. The possibility of a
free judgement combined with a perfected way of voting also results in a better utilization of
decision-makers judgements.

Analyzing the MGP’s obtained by AHP, it was possible to ascertain that judgement
inconsistencies did not affect the result, and differences of these results and the values
calculated only with consistent judgements remained around 1%, as it was intended. Even
with this consideration, the preference rate for Eurocopter’s aircraft is of 62%, in an output
that largely surpasses the remaining options. When using the method proposed for the
combination with Borda’s Method, Eurocopter had a preference rate of 48%, and the
preference ranking remains unaltered.

It is considered that both methods are capable to promote a helpful decision aid inside
the BN in the decision upon the purchase of an aircraft to substitute and enhance their naval
aviation fleet. It is also considered that both methods can be applied in similar situation of
decisions between mutually exclusive alternatives.

As a practical application, it is expected that this study helps decision-makers who
utilize multicriteria decision methods, based on consistency evaluations, to reflect about the
process’ tolerance limits. One possibility would be to analyze them according to Bounded
rationality Theory (SIMON, 2013), which gave a Nobel Memorial Prize in Economic
Sciences for the phycologist Hebert Simon. For future studies on this field, it is suggested the
application of this combined method to other situations, and also the possibility of combining

other methods with similar purposes.
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