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ABSTRACT. The Flexible and Interactive Tradeoff (FITradeoff) multicriteria method was developed under
the scope of the Multiattribute Value Theory (MAVT) to elicit preferences under a partial information per-
spective. The flexibility of this method has been recently enhanced by the combination of two paradigms of
preference modeling in the decision process, namely elicitation by decomposition (ED) and holistic evalua-
tion (HE), improving the preferences elicitation task in a sense that fewer elicitation questions are expected
to be answered by the Decision Maker (DM) to find a recommendation for the multicriteria decision making
(MCDM) problem. The combination of two preference modelling paradigms in FITradeoff is an innovative
characteristic on MCDM methods which deserves further analysis on its implications for the practice of
decision making, not yet investigated in previous works. Considering that, this work aims to evaluate the
impact of conducting HE in FITradeoff in terms of the expected reduction of the number of questions (NQ)
that shall be answered to obtain the problem results. To do so, a simulation study has been carried out, in
which multiple criteria problems have been generated and solved by simulating different preferences pro-
files. Hypotheses on the reduction of the number of questions were formulated and tested for identifying
the actual effect of two different types of HE in the elicitation process: selection of the best alternative and
elimination of the worst alternative considering a previously defined subset. Besides, we also analyze the
relationship between the HE effects and important variables of MCDM problems such as number of criteria
(NC), number of alternatives (NA), and weights distribution patterns (WD). The results obtained show that
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2 EFFECTS OF HOLISTIC EVALUATIONS ON FITRADEOFF METHOD

holistic evaluation judgments have a significant impact on the reduction of effort made by the DM in the
elicitation process, in a sense that the total number of questions reduces in a significant manner, considering
either selection tasks or elimination tasks in HE.

Keywords: multicriteria decision making, FITradeoff method, holistic evaluation, simulation.

1 INTRODUCTION

Multicriteria decision-making methods developed under the scope of the multi-attribute value
theory (MAVT) (Keeney and Raiffa, 1976) commonly use an additive aggregation model to eval-
uate alternatives under a value-based model of which the parameters should be defined according
to a structured process considering the Decision Maker’s (DM) preferences and values structure
(Belton & Stewart, 2002). Recommendations are given based on the additive aggregation of the
alternatives consequences, which are evaluated against each of the problem criteria, weighted by
a scaling constant vector that represents the DM’s preferences. Eliciting criteria scaling constants
in additive models is a challenging task, since these are critical parameters of the value-based
model that should be carefully defined, considering the ranges of consequences of the alterna-
tives in each criterion, and not only the criteria degree of importance (Keeney & Raiffa, 1976).
Motivated by inherent challenges on criteria scaling constants (commonly called weights) elici-
tation, the FITradeoff (Flexible and Interactive Tradeoff) (De Almeida et al, 2016; De Almeida
et al., 2021) was developed. This method considers partial information of the DM’s preferences
in the elicitation process, in the sense that less effort is required from DMs.

The method is operated by an interactive and freely available Decision Support System (DSS)
with several flexibility features, which is one of the main reasons why it is widely applied for
solving practical problems. FITradeoff has been used to solve several real problems involv-
ing outsourcing decisions (Rodriguez et al, 2023), urban mobility (Oliveira, Morais & Siebert,
2023), circular economy (Lugo et al, 2023), supply disruption management (Carvalho, Roselli
& Figueira, 2023), prioritization of failure modes (Zanazzi, Zanazzi & Pontelli, 2023), natural
gas facility location (De Lacerda et al, 2021), public bidding (De Araujo et al, 2022), supplier
performance evaluation (Rodrigues et al, 2020), endemic diseases combat strategy (Dos Santos
et al, 2022), energetic matrices related decisions (Fossile et al, 2020) and many others (Santos et
al, 2023; Pessoa, Roselli & De Almeida, 2022; Silva & Morais, 2022; Ribeiro et al, 2021; Monte
& Morais, 2019; De Macedo, Mota & Sola, 2018).

From an innovative perspective, De Almeida et al (2021) recently proposed a significant in-
novation in the FITradeoff decision process: the combination of two paradigms of preference
modeling; elicitation by decomposition (ED) and holistic evaluations (HE). In ED, DMs answer
preference questions in the consequences space, considering tradeoffs amongst criteria. In HE,
DMs declare preferences among the alternatives of the problem, directly, stating which alter-
native is the best one among a subset (selection task) or eliminating the worst one in a subset
(elimination task). De Almeida et al (2021) state that the combination of paradigms brings two
main contributions to the decision process: including an alternative source of information and

Pesquisa Operacional, Vol. 44, 2024: e283585



MANOEL LUCAS SOUSA RIBEIRO et al. 3

enhancing the efficiency of the method by reducing the number of questions (NQ) needed to
solve a problem.

The combination of two types of information in the elicitation process of FITradeoff is an in-
novative aspect in the world of preference elicitation in MCDM methods, which brings many
expectations of benefits in the decision-making process including mainly the increase in the effi-
ciency of the method, in a sense that a solution can be achieved with less amount of information
provided. However, even though previous application papers illustrate the combination of pref-
erence modeling paradigms (Czekajski et al., 2023) and its potential benefits, no previous study
has made efforts to deeply investigate the actual effects of such combination in practical terms,
reaching conclusions on the real effects of the incorporation of HE in the reduction of questions
needed to find a solution.

Given the arguments presented by De Almeida et al (2021) to support the assertion that the
holistic evaluation increases the efficiency of the FITradeoff method, and considering that it
may be performed in two different ways (i.e., elimination and selection tasks), some questions
remain to be clarified, such as: what is the reduction in NQ due to holistic evaluation? What is
the influence of increasing the number of criteria and alternatives in NQ? Is there a significant
difference between the reduction effects provided by the evaluations carried out for selection and
elimination tasks? Which of these tasks contributes more to a reduction in NQ?

In order to investigate those questions, a simulation-based study has been carried out in this work.
A set of research hypotheses was defined, and several simulation scenarios considering differ-
ent types of weights distribution patterns, different numbers of criteria, and different numbers of
alternatives were set. The findings obtained with this study allow for answering all the aforemen-
tioned questions. The analysis of multicriteria methods through simulation studies is a common
practice in the literature, in a sense their performance can be actually evaluated in a more realistic
manner, rather than considering single individual applications. Alfares & Duffuaa (2015) argue
that the use of simulation techniques to conduct studies to evaluate the performance of decision
support methods is quite flexible and reliable, since it becomes possible to generate and evaluate
a significant amount of data, in addition to allowing the evaluation of several different scenarios.

Alfares & Duffuaa (2015) conducted a study to evaluate the performance of methods for gener-
ating weights based on the ranking of criteria, which in their study is carried out through simula-
tions. In this sense, scenarios are considered in which the number of criteria and alternatives, and
the distribution of weights (uniform, normal, or exponential) are varied allowing the analysis of
five methods (RS, RR, ROC, GW, VSL). The result of the study shows that no generating weights
method can outperform the others in all the scenarios, even though, the work provides interesting
insights regarding the choice of a method based on the expected distribution of weights.

Tučnı́k & Bureš (2016) evaluated the applicability of four multi-criteria methods for future ap-
plications in large multi-agent-based simulation models. In this study, the main metric for com-
paring them was the time required to run each one during the simulations. Although all methods
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proved to be applicable, the VIKOR method stood out from the others even considering different
hardware configurations.

Mehdi et al (2018) performed a simulation study to investigate the phenomenon of order rever-
sal in TOPSIS and EDAS methods, establishing a comparative analysis between them. Accord-
ing to the authors, order reversal is an undesirable phenomenon that occurs from the inclusion
of new characteristics to the previously solved problem, generating changes in the ranking of
alternatives. The study considered multiple scenarios and three performance indicators.

The FITradeoff method was already evaluated through a simulation study by Mendes et al (2020),
but only the elicitation by decomposition was considered in the analysis. The authors sought
to evaluate the performance of the method when compared to the benchmarks established for
the classical Tradeoff procedure (Keeney & Raiffa, 1976), which also works with elicitation
by decomposition, but considering complete information from DMs, while FITradeoff requires
partial information. Among the conclusions, it is possible to highlight that in 81% of the cases,
the method manages to reduce the space of actions to 5 potentially optimal alternatives only by
informing the ordering of the scaling constants. Another conclusion obtained by Mendes et al
(2020) refer to the low influence of the increase in the number of alternatives over the number of
questions asked in the method’s elicitation by decomposition. In contrast, the number of criteria
and the distribution of weights had much more influence on the observed performance. Mendes
et al (2020) did not consider holistic evaluation in their analysis. The focus of the present paper
is therefore to evaluate the actual influence of holistic evaluation judgments in the performance
of the FITradeoff method, considering both selection and elimination tasks.

The contribution of the present paper therefore relies on performing a simulation study to ac-
tually investigate the effects of performing Holistic Evaluations in the FITradeoff multicriteria
method. In the work of De Almeida et (2021), a combination of two types of preference modeling
(elicitation by decomposition and holistic evaluations) was proposed to be part of the FITradeoff
decision process, with a view to improving the decision-making process for the decision makers,
with lots of potential benefits that could be achieved with such combination. Other studies (e.g.
Cunha et al. (2020) and Czekajski et al. (2023)) presented single applications with the FITrade-
off method illustrating the combination of preference modeling paradigms in practical MCDM
problems, showing how the holistic evaluation can be conducted, from a decision-making per-
spective, to improve the decision process. However, all the benefits of Holistic Evaluations cited
by these previous papers were verified in an empirical manner, with single application cases
within a specific scenario, without a proper study focused on that, considering different and mul-
tiple scenarios. Our study here concerns a much more general analysis, considering different
scenarios throughout a simulation analysis, in order to verify the actual effects of holistic evalua-
tions in the decision process with FITradeoff, based on multiple research hypotheses. Moreover,
statistical tests were conducted in order to verify the statistical significance of our findings in the
simulation study.

Hence, while the focus of those previously published papers was to illustrate an application of
the FITradeoff method with the combination of preference modeling types from the view of the
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decision maker, highlighting potential benefits for him/her, our research is much more focused
on an analysis of the efficiency of the method in terms of finding a solution and the extent to
which holistic evaluations contribute with that, considering two different types of HE: selection
and elimination tasks. Therefore, the contribution of this work relies mainly on verifying and
testing hypotheses related to the incorporation of HE judgments in FITradeoff which were only
raised empirically by previous studies.

This paper is organized as follows. Section 2 summarizes relevant prior research and discusses
the FITradeoff method. In Section 3, the research hypotheses of this study are formulated. Section
4 describes the simulation experiment design and application. The main results are reported in
Section 5, followed by the conclusions and final remarks in Section 6.

2 BACKGROUND ON THE FITRADEOFF MULTICRITERIA METHOD

The FITradeoff (Flexible Interactive Tradeoff) proposed by De Almeida et al (2016) is an MCDM
method that stands out in the context of preference elicitation because it requires partial informa-
tion from the decision maker, which reduces cognitive effort. In addition, the method is flexible,
in the sense that the DM chooses when to stop the process and how he wants to provide in-
formation (De Almeida, Frej & Roselli, 2021). Besides, the FITradeoff process is interactive,
which allows the DM to understand the effect of each new piece of information provided on the
recommendation, resulting in an increase in the DM’s confidence and learning throughout the
elicitation (Da Silva et al, 2021; Dutta et al, 2021).

The method is based on the axiomatic structure of the traditional Tradeoff procedure (Keeney
& Raiffa, 1976), however, it incorporates the concept of flexible elicitation with partial infor-
mation, so that it is not necessary to obtain indifference points to generate a recommendation,
as in the classical tradeoff. FITradeoff was originally designed to solve problems in the choice
problematic, which consists of selecting the best alternative given the DM’s preferences, to this
end, it evaluates the potential optimality of the alternatives at each iteration, classifying them into
potentially optimal, dominated, or, in case a solution is found, optimal alternative (De Almeida
et al, 2016). The method was also expanded to the ranking (Frej et al., 2019) and sorting (Kang
et al., 2020) problematics.

The FITradeoff method is operated by means of an interactive Decision Support System (DSS),
through which the DM provides preferential information by answering questions. Different types
of information are gathered from the DM according to the type of question the DM wishes to
answer at each interaction cycle: elicitation by decomposition question (considering elements in
the consequences space) or holistic evaluation question (considering elements in the alternatives
space). Those two types of evaluation are further detailed in Section 2.1.

2.1 Combination of Paradigms for Preference Elicitation in the FITradeoff Method

De Almeida, Frej & Roselli (2021) proposed a significant innovation in the FITradeoff method
by combining two distinct paradigms for preference elicitation, which allows the DM to switch
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6 EFFECTS OF HOLISTIC EVALUATIONS ON FITRADEOFF METHOD

between two distinct elicitation procedures throughout the process. Elicitation by decomposition
(ED) was the preference elicitation procedure initially included in the FITradeoff method and
consists of a procedure similar to the one discussed by Keeney & Raiffa (1976), illustrated in
Figure 1, in which two consequences are presented to the decision maker and he/she must choose
the one that brings him/her greater satisfaction.

Figure 1 – Hypothetical Consequences compared in the Elicitation by Decomposition (ED).

The ED questions usually present a consequence for which there is an intermediate performance
in one of the criteria and the least desirable performance for all the others, while the second
consequence presents the most preferable performance in a criterion and the worst performance
evaluated in all other criteria. Once the DM expresses a strict preference relation (being possible
to express indifference, if they feel confident to do so), it is possible to obtain a new inequality
for the model. As the scale considered is an interval one, when evaluating the overall value of the
hypothetical consequences, the obtained inequality relates pairs of scaling constants. Moreover,
it is worth mentioning that in this procedure the preference elicitation is conducted in the space
of consequences.

Since its initial proposition, the method already allowed holistic evaluations (HE) to be carried
out to finalize the problem when the DMs did not want to proceed with the elicitation of prefer-
ences because they already had a satisfactory partial result. Now, they can choose to intersperse
the process between the two procedures. Few methods use holistic assessments for preference
elicitation (Da Silva et al, 2021), and FITradeoff is the first one to put these two paradigms
together.

In HE, the decision maker can compare real alternatives of the problem and express prefer-
ence relations involving them. Since interactive elicitation procedures can contribute to the DM’s
learning about their own preferences (Da Silva et al, 2021; De Almeida et al., 2015), along with
the procedure the DM may become confident about expressing their aspirations regarding the
problem alternatives, so that kind of information can also be included in the linear programming
model, shortening the process.
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As for the HE to be carried out, FITradeoff presents four distinct types of visualization (figure 2
presents examples of bar charts and spider graphs). The DM shall then choose a set of alternatives
that they wish to evaluate holistically and the visualization kind that makes them most confident
to express their preferences.

Figure 2 – Examples of Visualizations for Holistic Evaluation.

In the choice problematic, holistic evaluation can be conducted through two distinct procedures,
namely selection and elimination. The selection task can be performed when, upon evaluating
the subset of alternatives, the DM feels confident to point out the best alternative in the evaluated
subset. The elimination procedure, on the other hand, can be performed when the DM feels more
confident to point out the worst alternative in a subset.

As mentioned, HE in the choice problematic can be performed by considering subsets containing
as many alternatives as the DM wishes to evaluate. In all cases, expressions of inequalities on
global values of the compared alternatives will be included in the linear programming model,
thus reducing the space of feasible weights. It should be considered that when performing a
holistic evaluation in the choice problematic, a reduction in the number of POAs will necessarily
be observed. With HE, preference elicitation is conducted in the space of actions of the problem.

As FITradeoff does not require the definition of indifferences, it is not possible to obtain a system
of equations, as proposed by Keeney & Raiffa (1976), but rather a system of inequalities con-
taining infinite possible solutions. Thus, there will be numerous additive aggregation functions
that satisfy the system, so as new information is incorporated into the model, it is possible to
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8 EFFECTS OF HOLISTIC EVALUATIONS ON FITRADEOFF METHOD

reduce the set of feasible solutions. At each interaction cycle, the information given by the DM
is converted into an inequality and incorporated as constraints of a linear programming prob-
lem (LPP) model, that runs to verify what are the Potentially Optimal Alternatives (POAs) for
the problem (De Almeida et al., 2016; De Almeida et al., 2021). For each potentially optimal
alternative (POA) found in the previous cycle, the LPP model runs again with the new set of
constraints, which was updated with the additional information obtained, to evaluate whether it
remains potentially optimal. If so, the alternative is kept for the following interactions, other-
wise, it is eliminated from the set. The solution of the problem is therefore obtained when only
one (optimal) alternative remains, or the set of remaining alternatives is considered equivalent
according to the DM’s preferences. The FITradeoff LPP model is as follows (De Almeida et al.,
2016; De Almeida et al., 2021):

max V (Ai) =
m

∑
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k jv j(xi j) (1)
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(
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k j = 1 (8)

j = 1, . . . ,m i = 1, . . . ,n t = 1, . . . ,n (9)

Equation (1) represents the objective function to be maximized, which consists of the overall
value of alternative Ai, V(Ai), computed by an additive aggregation sum of the value of the
consequence (xi j) of alternative Ai in criterion j, v j(xi j), considering a 0-1 normalized interval
scale, weighted by criteria weights k j. The inequality in (2) includes the ordering of the scaling
constants in the model, information is provided by the DM at the beginning of the preference
elicitation process. Inequalities (3) and (4) represent the information obtained when the DM
answers elicitation by decomposition questions, relating a pair of scaling constants. The set of
inequalities represented in (5) configures the constraints of potential optimality of alternative Ai,
in which a vector of weights that makes the global value of alternative Ai greater than or equal to
the global value of all other alternatives in the set is sought. The inequalities presented in (6) are
obtained through HE, which represents an alternative source of information for the model and
relates to the global values of the alternatives evaluated holistically, leading to the elimination
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of one or more of them from the POA set. Finally, expression (7) concerns the domain of the
decision variables, equation (8) ensures the normalization of the weights, while expression (9)
presents the possible values for the variable indices.

The decision variables of the LPP model (1-9) are the criteria scaling constants. If there is at least
one vector of weights [k1,k2, . . .km] that satisfies all constraints (2-9), then alternative Ai is con-
sidered a potentially optimal alternative for the problem. Otherwise, it is considered dominated
and is eliminated from the process.

De Almeida, Frej & Roselli (2021) point out that HE presents two main contributions, pro-
viding an additional source of information for the model, which increases the flexibility of the
method, and accelerating the preference elicitation process, since new constraints involving all
scaling constants simultaneously are included in the model. Furthermore, HE can be performed
to provide additional information to the model, or even to finalize the elicitation process.

Having said that, the present work looks to investigate whether HE has a significant contribution
to FITradeoff efficiency improvement, which is here measured by the number of questions (NQ)
that a DM must answer until converging to the problem solution. Attention should be given to
NQ once the DMs in general do not dispose of much time, besides, stating many questions may
lead to inconsistencies and tiredness along the process, which the methods usually try to avoid.
Based on the discussion made by the authors in their proposition, it was possible to speculate
on the HE mechanism, allowing for stating a few hypotheses, which are introduced in the next
section.

3 RESEARCH HYPOTHESES

In this topic, the research hypotheses will be developed considering aspects from the literature
as well as observations obtained from a descriptive analysis of the data gathered.

3.1 The effect of performing a HE right after scaling constants ordering step

As mentioned in the previous topic, De Almeida, Frej & Roselli (2021) argue that performing
HE in the FITradeoff method allows for introducing additional information into the decision
model. In contrast to the information obtained through the ED, the HE includes preferences
relations involving real alternatives of the problem, which result in inequalities relating all the
scaling constants simultaneously, which is stronger information, in a sense that affects the space
of weights compared to an inequality that related only two scaling constants, as those obtained
from ED. Even though previous studies (Cunha et al. (2020); Czekajski et al. (2023)) have shown
that, for certain specific application cases, holistic evaluations can reduce the total number of
questions made for the DM, this should be formally tested considering a significant number of
scenarios.

By performing a holistic assessment, a subset of POAs containing at least one alternative is
necessarily excluded from the problem, and depending on how close the evaluated alternatives
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10 EFFECTS OF HOLISTIC EVALUATIONS ON FITRADEOFF METHOD

are from one another, this information may accelerate the process, making it possible even to
finalize it.

To illustrate it, one may think of a situation in which two very close alternatives are evaluated,
in this case, the weight vectors space that support the preference of one over the other may be
rather small when compared to the whole search space, so providing this information to the
model, may eliminate a huge fraction of the space, leading to a more rapid convergence to the
problem solution.

On the other hand, as the questions conducted in the HE are not affected by the holistic assess-
ment, if the DM is consistent with his preferences, it is not possible to observe an increase in
the number of questions made. So, either the problem is finalized before stating all the questions
that would be made given DM’s preferences, or the method makes them all. Based on that, it is
possible to state the first research hypothesis:

• Research Hypothesis 1. Performing holistic evaluations significantly reduces the number
of questions necessary to find a solution in FITradeoff.

3.2 The effect of each of the HE’s procedures

Neuroscience studies show that there is a difference, from the cognitive effort point of view,
when performing each of the procedures (Pessoa, Roselli & De Almeida, 2021). These same
studies show that although there is no difference in the success rate when performing each of the
procedures, holistic elimination performs better in terms of DM’s response time and accuracy
of responses, which in turn is defined as the time until the DM gives a correct answer (that is
consistent with preferences).

It is also known that from the point of view of the linear programming problem and the effect
of the holistic evaluation on the set of POAs, each procedure generates different constraints and
consequently is expected to present different effects.

Suppose that in holistic evaluation n alternatives are compared and evaluated with respect to the
m criteria of the problem. If the selection procedure is performed and alternative i is chosen
as the best one from the subgroup, n-1 constraints will be included in the LPP, leading to the
elimination of n-1 alternatives from the POA subset.

On the other hand, if the elimination procedure is performed and alternative j is said to be the
least preferable of the subgroup, n-1 constraints will also be included in the LPP, but in this case,
only alternative j will be eliminated for sure from the subset of POAs. Therefore, the following
research hypothesis is stated:

• Research Hypothesis 2. The selection procedure has a greater effect on the reduction of
the NQ than the elimination procedure.
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3.3 The effect of the number of alternatives over the reduction of NQ

Mendes et al (2020) showed that the increase in the number of alternatives in the problem had
little effect on the performance of the FITradeoff method, considering only ED. For the case
of HE, on the other hand, one may expect a difference in performance, since the number of
alternatives influences the number of potentially optimal alternatives (POA), which consequently
limits the number of alternatives that can be evaluated holistically.

To better understand that situation one may consider firstly that the number of POAs is directly
related to the number of alternatives evaluated in the problem, in addition, if a wider subset of
alternatives is considered potentially optimal, it is possible that although they are not initially
dominated, there may be many of them that are optimal in regions of the space that are far
distant from DM’s true aspirations, so, it may be easy to DM to point it out and eliminate them,
however in terms of converging to the region in which their preferences are satisfied, this kind
of information may have little relevance. Having said that, it is possible to state the following
research hypothesis:

• Research Hypothesis 3. The increase in the number of alternatives (NA) decreases the
reduction effect of NQ provided by the HE.

3.4 The effect of the number of criteria over the reduction of the NQ

As the number of criteria increases, the number of non-dominated alternatives (solutions) also
does so (Deb & Himanshu, 2014). From the literature, it is also known that the number of ques-
tions necessary to obtain the most desirable solution also increases. Mendes et al (2020) also
showed that in the FITradeoff context.

Roselli & De Almeida (2021), on the other hand, argued that the DM should not perform the
HE in situations for which there are many criteria due to the cognitive effort necessary to do so,
which may lead to errors along the process.

Following the literature information, one may think that in a m-dimensional space, as m in-
creases, more information is needed to delimitate the space region that really satisfies the DM’s
aspirations, so it is naturally expected that the HE is likely to have a smaller effect in terms of the
reduction of questions made. So, the following research hypothesis may be stated:

• Research Hypothesis 4. The increase in the number of criteria (NC) decreases the
reduction effect of NQ provided by the HE.

3.5 The effect of the weight’s distribution over the reduction of the NQ

The weights or scaling constants are the model parameters that represent the DM’s aspirations. As
presented by De Almeida et al (2016), depending on the distribution of the weights the FITradeoff
method follows a distinct heuristic in the ED. Mendes et al (2020) showed that more questions
are performed when a more skewed distribution is observed.

Pesquisa Operacional, Vol. 44, 2024: e283585



12 EFFECTS OF HOLISTIC EVALUATIONS ON FITRADEOFF METHOD

According to the study developed by Roselli & De Almeida (2021), the distribution of weights
plays a significant role in the chance of success when performing the holistic evaluation. So, it is
also expected to play a significant role in the HE effects.

Considering all that, one may think that, in the limit, an extremely more skewed distribution
would lead some criteria weights to be close to zero, which would mean that some criteria are not
influencing much the decision and would be like the situation with a smaller subset of objectives.
In that case, as the heuristic applied in the ED always asks questions in the middle of the interval,
in cases where the distribution is extremely skewed, it may take some rounds until it captures
such kind of information.

HE, in contrast, would much more rapidly depict that, once it considers all the scaling constants
simultaneously, hence, it may lead to a faster reduction of the feasible space of solutions. Based
on that, the following research hypothesis is drawn.

• Research Hypothesis 5. As the weight distribution (WD) becomes more skewed, the HE
effect is amplified.

4 SIMULATION STUDY: DESIGN OF THE EXPERIMENT

In this topic, relevant aspects concerning the simulation experiment performed will be detailed.
In Table 1, the main variables analyzed in this study are presented and described.

Table 1 – Variables under analysis.

Variable Definition
RP Percentage of reduction of the number of questions needed to solve a problem

after performing the HE.
RP = NQ−NQHE

NQ
Sel Refers to HE of selection
Eli Refers to HE of elimination
RP Sel Percentage of reduction of the number of questions needed to solve a problem

after performing the HE of selection
RP eli Percentage of reduction of the number of questions needed to solve a problem

after performing the HE of elimination
WD Ratio between the biggest and smallest scaling constants
POA Number of potentially optimal alternatives
NC Number of criteria
NA Number of alternatives
NQ Number of questions answered in the elicitation by decomposition
NQHE Number of questions answered in the elicitation by decomposition having

performed an HE

Pesquisa Operacional, Vol. 44, 2024: e283585



MANOEL LUCAS SOUSA RIBEIRO et al. 13

4.1 Data gathering and experiment design

A computational simulation was conducted to gather the data to be analyzed. In the simulations,
multicriteria problems were randomly generated. The parameterization of the experiment was
defined as follows:

a) Number of alternatives and criteria: Set C = {3, 4, 5, 7, 10, 15} was defined for the number
of criteria, and set A = {5, 10, 15, 20, 30, 50, 70} for the number alternatives.

Speaking about the criteria set, a number of criteria smaller than three, besides being un-
common in the literature, could represent a problem that is too simple, on the other hand,
as the number of criteria becomes much larger, the possibility of observing preferential
dependences or even redundancies between the criteria and/or the objectives measured by
them also increases, which according to Keeney (1992) should be avoided.

In terms of the number of alternatives, sets involving a very large number of alternatives
are likely to include dominated alternatives, which would be eliminated in the first LPP in
the FITradeoff, becoming, in this way, irrelevant for this study.

Table 2 – Scenarios under analysis.

NC

NA

3 4 5 7 10 15
5 1000 1000 1000 1000
10 1000 1000 1000 1000
15 1000 1000 1000 1000
20 1000 1000 1000 1000 1000 1000
30 1000 1000 1000 1000 1000 1000
50 1000 1000 1000
70 1000 1000 1000

b) Weights patterns and distribution: As for considering different distributions of weights, it
was identified four patterns in literature:

(a) Distribution 1: Equal weights: k1
km

= 1

(b) Distribution 2: Random and similar weights: k1
km

= 1,5

(c) Distribution 3: Random and distinct weights: k1
km

= 4

(d) Distribution 4: Random and markedly distinct weights: k1
km

= 10

k j is the scale constant of criterion j, j = 1 is the index of the criterion with the greatest
scale constant value while j =m is the index of the criterion with the smaller scale constant
value, and m denotes the number of criteria of the problem.
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c) Simulated scenarios: Table 2 shows the scenarios considered for the simulation, highlight-
ing the number of instances solved for each scenario. It is worth noting that each instance in
each of the scenarios was solved considering each of the weight standards, thus, the scenar-
ios generated by the combination of number of criteria, number of alternatives, and weight
standards are equivalent to 120, as 1000 instances were created for each scenario, there are
a total of 120,000 instances created, which was considered adequate for the present study
taking into account the trade-off between the number of samples and the time required to
generate and solve them.

d) Simulation procedure: To perform the simulation, a system was developed using Pascal-
Object language, besides MySQL as a database. Initially, the system generates the con-
sequence matrix randomly considering a uniform continuous distribution and the setup
relative to the scenario being considered (number of criteria x number of alternatives x
weights distribution).

For this step, a parameterization was performed that defines a probability of 80% for natu-
ral scale criteria and 20% for constructed scale, in addition, the direction of preferences as
well as the number of levels of the constructed scale are defined randomly. This parameter-
ization was defined since it is recommended to use natural scale criteria whenever possible
since they present a higher level of information, so scales should be created only when it
is not possible to use a natural criterion (De Almeida, 2013).

The system applies linear value functions for all the criteria and generates random weights
considering each distribution, then it runs the first LPP obtaining the non-dominated alter-
natives. In the sequence, the system generates all the possible combinations of the POAs.
For each of them, the system simulates the answers of a DM based on the weights vector,
making it possible to solve the problem three times.

The first time each problem is solved, no HE is performed, the idea is to identify the
number of questions necessary to solve it using only the ED (in this study, not performing
HE means that no treatment was applied). In sequence, the problem is solved a second
time, in which the HE procedure of selection is applied (which consists of the applications
of the ‘Sel’ treatment) only once right after ranking the scaling constants. Finally, the
problem is solved once more, this time the applied procedure is the elimination (which
consists of the applications of the ‘Elim’ treatment).

As mentioned, for each subset of POAS (obtained by the combination of them), it is stored
the number of questions necessary to solve the problem in each of the three rounds.

e) By applying the aforementioned procedure, a set with N = 8.746.803 (eight million, seven
hundred, forty-six thousand, eight hundred and three) observations were stored concern-
ing each round. In this way, each HE procedure was analyzed by comparing the treat-
ment group (the group of N observations in which the procedures were separately ap-
plied) against the control group (formed by the N observations that had not received any
treatment).

Pesquisa Operacional, Vol. 44, 2024: e283585



MANOEL LUCAS SOUSA RIBEIRO et al. 15

Figure 3 summarizes the whole simulation process carried out for each simulated scenario
defined.

Figure 3 – Simulation process.

5 RESULTS AND DISCUSSION

According to the simulation study described in Section 4, the research hypotheses raised in Sec-
tion 3 could be deeply investigated. The results obtained are described and discussed in the
following subsections.

5.1 The effect of performing a HE right after scaling constants ordering step

Considering all the above-mentioned designed scenarios, after the simulations performed, it was
found that performing a holistic evaluation right after the criteria scaling constants ordering step
brings an average reduction of 25.81% in the total number of questions, considering both se-
lection and elimination tasks. I.e., the average value obtained for variable RP considering all
simulation scenarios and both selection and elimination tasks was 25.81%.
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Considering the first research hypothesis raised in this study, the following alternative hypotheses
were formulated: i) NQ is higher than NQHE for selection; ii) NQ is higher than NQHE for
elimination. Considering the large amount of data obtained with the simulations carried out, a
normal distribution was assumed, and t-student tests were performed for comparison of means
since population variances are unknown (Seward and Doane, 2014). Each combination of the
number of criteria, number of alternatives, and distribution of weights determined a scenario to
be evaluated. So, a total of 120 scenarios were considered. For all of them, the p-values were
approximately equal to 0. This indicates that, in fact, NQ is higher than NQHE and also higher
than NQHE for elimination.

It means that, when performing a holistic evaluation – either for selection or elimination pur-
poses –, the reduction in the total number of questions answered by the DM in the elicitation
process is reduced in a statistically significant manner. This finding corroborated the empirical
ideas of De Almeida et al (2021) and Czekajski et al (2023), which raised the reduction in the
number of questions as one of the main benefits of the incorporation of holistic evaluations in the
decision process.

5.2 The effect of each of the HE’s procedures

Considering all simulation scenarios, the results of this study have shown that a more significant
reduction in the number of questions is observed when performing the selection task, rather than
elimination task. The average value of reduction in the number of questions was found to be
34.15% for selection task, and 17.46% for elimination task.

To analyze the effect of HE in both selection and elimination tasks, in accordance with Research
Hypothesis 2, the following alternative hypothesis was formulated: NQHE for elimination is
higher than NQHE for selection. As in the previous analysis, t-Student tests were used for the
120 scenarios analyzed and, for all of them the p-values were approximately equal to 0. This
indicates that NQHE for selection is lower than NQHE for elimination. I.e., it is possible to infer
that the selection procedure performed through the HE has on average a greater effect in terms
of reducing the number of questions asked when compared to the elimination procedure.

The impact of the reduction in the number of questions was determined through the variable RP
for selection and elimination. Figure 4 illustrates the behavior of RP for each scenario, consider-
ing the four distributions of weights tested in our simulation study. The horizontal axis indicated
the scenarios of ‘number of criteria x number of alternatives’. For example, 3C 20A indicates
that the RP has been calculated for the combination of 3 criteria and 20 alternatives.

By observing Figure 4, the graphics present a clearly descending pattern, which indicates that
there is a trend of decreasing in RP when raising the number of criteria, which was already
expected. The peaks in the graphics indicate also a seasonal pattern, which is due to the fact
that the number of alternatives changes in a cyclic manner along the horizontal axis. It is also
possible to see that the reduction percentage for the selection task is higher than the reduction
percentage for the elimination task for all scenarios and weights distributions. The spread is
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Figure 4 – RPs of each distribution.

higher for distributions 1 and 2, which indicates that, when the weights values are closer to each
other, the effect on the reduction of number of questions for the selection task is more significant
than for the elimination task. However, it should also be observed that, for distributions 3 and
4 (which indicate a more skewed pattern for the criteria weights), the percentage of reduction
in the number of questions is greater than for distributions 1 and 2 (even though the spread
between the two different tasks effect is less significative), which also corroborates with research
hypothesis 5.

5.3 The effect of the number of alternatives over the reduction of the NQ

Research Hypothesis 3 stated that increasing the number of alternatives being evaluated would
lead to a reduction in the effect caused by both the procedures of the HE. To verify this, the
Pearson correlation coefficient (ρ) between NA and RP was calculated for both selection and
elimination procedures (Table 3). The Pearson correlation statistical test was also applied to test
the statistical significance of the correlation, as shown in Table 4.

Table 3 – Pearson’s correlation coefficients.

ρ(NA X RP SEL) ρ(NA X RP ELI)
Distribution 1 -0.051 -0.010
Distribution 2 -0.042 -0.068
Distribution 3 0.210 0.227
Distribution 4 0.322 0.350
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Table 4 – Correlation tests.

NA X RP SEL NA X RP ELI
Distribution 1 t = -0.271

p-value = 0.394
t = -0.055

p-value = 0.478
Distribution 2 t = -0.221

p-value = 0.413
t = -0.360

p-value = 0.361
Distribution 3 t = 1.139

p-value = 0.868
t = 1.232

p-value = 0.886
Distribution 4 t = 1.800

p-value = 0.959
t = 1.978

p-value = 0.971

For weight distributions 1 and 2, the Pearson correlation coefficient values show that there is
a weak negative correlation between the variables. For weight distributions 3 and 4 there is a
weak positive correlation between the variables. Since the values obtained for ρ are all below
0.4, the correlations between these variables are very weak, in the sense that we do not expect
the correlation to be significant. The results of the Pearson correlation test shown in Table 4
corroborate that, as we can see when analyzing high p-values.

In this sense, we conclude that there is no correlation between the number of alternatives and the
reduction in the number of questions, and thus Research Hypothesis 3 is not valid. The graphics
in Figure 4 somehow corroborate this finding, since cyclic patterns are observed when changing
the number of alternatives, without a clear trend.

As discussed in topic 3.3, as more alternatives are considered in the decision process, the more
complex the problem becomes. The alternatives that are not eliminated by the information of
the scaling constant ranking may be optimal for different regions from the space. Evaluating
holistically a subset of alternatives that are potentially optimal in regions distant from the one
that holds the weight vector which would more adequately model the DM’s aspirations would
add less relevant information to the model, once those regions could be rapidly eliminated from
the feasible space after a few questions in the beginning of ED.

5.4 The effect of the number of criteria over the reduction of the NQ

Research Hypothesis 4 stated that increasing the number of criteria of the MCDM problem would
lead to a reduction in the effect caused by both the procedures of the HE. To verify this effect,
Pearson’s correlation coefficient (ρ) between NC and RP was calculated for both selection and
elimination procedures (Table 5). The Pearson correlation statistical test was also applied to test
the statistical significance of the correlation, as shown in Table 6.
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Table 5 – Pearson’s correlation coefficients.

ρ(NC X RP SEL) ρ(NC X RP ELI)
Distribution 1 -0.436 -0.415
Distribution 2 -0.466 -0.387
Distribution 3 -0.714 -0.662
Distribution 4 -0.767 -0.746

Table 6 – Correlation tests.

NC X RP SEL NC X RP ELI
Distribution 1 t = -2.563

p-value = 0.008
t = -2.414

p-value = 0.011
Distribution 2 t = -2.790

p-value = 0.005
t = -2.223

p-value = 0.017
Distribution 3 t = -5.398

p-value = 0.000
t = -4.670

p-value = 0.000
Distribution 4 t = -6.330

p-value = 0.000
t = -5.931

p-value = 0.000

The results in Tables 5 and 6 show a negative correlation between the number of criteria and the
reduction in the number of questions, which was expected according to Research Hypothesis 4.
The correlation is stronger for distributions 3 and 4, showing that when the weights pattern is
more skewed, the effect on the number of criteria in RP becomes more evident. However, the
p-values in Table 6 indicate that, even for distributions 1 and 2, the correlation between NC and
RP is still significant, when considering a significance level of 2%, for instance.

This result is aligned with expectations once as the number of criteria increases, the dimension-
ality of the space where the weight vectors are searched also becomes greater, resulting in more
possible solutions, and requiring more information to limit the region that contains the DM’s real
aspirations.

5.5 The effect of the weight distribution over the reduction of the NQ

To verify Research Hypothesis 5, we can go back to the graphics in Figure 4. The weight distri-
bution seems to have a significant effect on the reduction of the number of questions promoted
by the HE. As previously mentioned, we can see that for distributions 3 and 4 (more skewed
pattern), the percentage of reduction in the number of questions is greater than for distributions 1
and 2 (even though the spread between the two different tasks effect is less significative), which
corroborates with research hypothesis 5. As previously discussed, the distribution of the weights
is here evaluated based on the ratio between the highest and smallest scaling constants, so the
results show that as this ratio becomes greater, the HE effects also increase. Both HE procedures
are affected in a similar way by variations in the weight distribution.
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This finding is rather relevant to practitioners once the performance of the FITradeoff elicitation
procedure was found to be less efficient as the weight distribution becomes more skewed (Mendes
et al, 2020), in this sense, the HE may be used as a complementary tool that enhances the method
efficiency in these cases.

5.6 Discussion of results

Based on the results obtained through the simulation analysis, it was possible to see that the
combination of preference modeling paradigms in FITradeoff does indeed enhance the method
efficiency, in the sense that the total number of questions needed to find a recommendation is
reduced when introducing holistic evaluation information into the model, as we could see by
confirming Research Hypothesis 1. In addition, by confirming Research Hypothesis 2, it was
possible to conclude the effect on this reduction is even more significant when an HE selection
task is performed, when compared to the elimination task. However, the contribution of the HE
to the reduction in the number of questions also depends on other variables, such as number of
criteria and weights distribution pattern, as could be analyzed by confirming Research Hypothe-
ses 4 and 5. Research Hypothesis 3 was not validated, in the sense that the number of alternatives
of the MCDM problem does not have an influence on the effects of HE in the total number of
questions.

These results also make it possible to draw some recommendations for the practice of decision-
making with FITradeoff, especially for the analyst, when guiding the DM in the decision process.
The importance of the role of the analyst in this process is emphasized by De Almeida et al
(2021), in a sense that the question-answering process faced by the DM throughout the DSS with
the possibility of switching between preference modeling paradigms should always be guided by
an analyst with a good background on the method and its features.

Although the HE is recommended in several scenarios, the analyst could incentivize the DM,
especially in cases where it is expected to observe a more skewed weight distribution. The FI-
Tradeoff method’s first question compares the bigger and the smaller scaling constants, in case
the DM prefers A, it is known that the ratio between them equals at least 2 (De Almeida et
al., 2016). In that sense, a possibility that arises would be displaying the information on the
maximum ratio between them during the elicitation procedure. Another possibility would be
enhancing heuristics to better explore this aspect.

It is expected that as the number of alternatives evaluated in the HE increases, the complexity
and effort necessary to conduct such an analysis also increases, in this way, the analysts should
consider that increasing the number of alternatives evaluated while performing the elimination
procedure will have minor effects. So, they could advise the DM to look for a smaller group of
alternatives that could provide more relevant information to the model (i.e., a group of alterna-
tives that seems to be more in line with DM’s aspirations, rather than a group of several ones that
are too easily evaluated) or recommending the use of the selection procedure.
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Performing HE in scenarios with many criteria, as suggested by different authors, should be a
tough task, in these cases, if the DM feels confident to do so, the model presented in this work
may support in the evaluation of the expected benefit of doing so. As the ratio between the scaling
constants is not known, this information may be the estimate used in the FITradeoff LPP.

Moreover, the analyst may encourage the DM to perform the selection procedure especially when
there are fewer POAs, given that it can more significantly shorten the process than elimination
would do. Finally, based on the results, it would be recommended to perform a holistic elimina-
tion pre-analysis as soon as the elicitation begins once it could be an opportunity to introduce
additional information to the model.

It is worth mentioning that when an alternative is said to be the worst from a subset, all the
alternatives remaining in the analyzed group have their overall values raised to some point that
is greater than the overall value of the eliminated one, on the other hand, if that alternative
is eliminated by the answers given in the elicitation by decomposition, not necessarily all the
alternatives from the group is supposed to dominate the eliminated one for all the feasible weight
vectors. Considering the information that the DM can more rapidly give a correct answer in the
elimination procedure (Pessoa, Roselli & De Almeida, 2022) that the selection one and that the
dimensionality of POAs set do not significantly affect elimination treatment, performing it as the
problem is initiated, can be a great opportunity to include relevant information into the model
and reduce the number of questions necessary to solve it.

6 CONCLUSIONS

This work aimed at verifying the effectiveness of the Holistic Evaluation in terms of dimin-
ishing the number of questions that decision-makers are asked to answer to solve choice prob-
lems in the FITradeoff method. To investigate the effect promoted by the two procedures of
HE, a simulation-based study was conducted, in which decision problems were randomly gener-
ated under several conditions (number of criteria and alternatives) and solved by simulating the
behaviour and preferences of different DMs.

A very representative set of observations could be obtained, and then used to test empirically
the built research hypotheses. Based on the results obtained, it was possible to conclude that
performing HEs does indeed accelerate the obtention of the results in FITradeoff. Both selection
and elimination procedures have a significant potential to reduce NQ, making the former even
more powerful. We could see that the selection procedure, on average, tends to contribute more
to speeding the convergence of the results. Moreover, it could be seen that other variables such
as number of criteria and distribution of the weights have an influence on the magnitude of the
effects of holistic evaluations in the reduction of the number of questions.

With the results obtained in this paper, the empirical assumptions raised by De Almeida et al
(2021) on the benefits of the combination of preference modeling paradigms in the FITradeoff
process were confirmed. Indeed, we could see an increase in the efficiency of the method in
terms of less effort required to find a solution, when combining the information obtained in the
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elicitation by decomposition with holistic judgments. Either in selection or elimination tasks,
the information obtained by holistic evaluation is quite strong in the sense that the inequalities
incorporated into the model involve the scaling constants of all criteria at the same time; hence,
the modification in the space of weights is expected to be significant. Future works should deeply
analyze analytical aspects of the space of weights and how it is affected by the information
obtained through ED and HE.

The implications of the results obtained for the practice of decision-making with the FITradeoff
were also discussed in this paper. The role of the analyst is fundamental to guide the decision
process, to advise the DMs on how to take advantage of the flexibility features of the method,
including the possibility of switching between the preference modeling paradigms according
to the DM’s wishes and cognitive style. The benefits of HE confirmed through the research
hypotheses tested in this paper enhance even more the potential of the practical applicability of
the method, since decision-makers are always looking for ways to save time and effort when
making decisions.

It is worth mentioning that the findings of this study are only applicable to the FITradeoff for
choice problematic. The effect of performing HEs in different decision problematics such as
ranking, sorting, and portfolio should be explored in future studies, with a proper adaptation of
the simulation design and variables investigated. In addition, this study considered only the effect
of performing one holistic evaluation at the very beginning of the elicitation procedure.

In future research, it would be interesting to conduct studies where multiple HEs could be con-
ducted along the elicitation, so it would be possible to determine the effect of performing mul-
tiple assessments. Even though De Almeida et al (2021) raise the possibility to switch between
elicitation by decomposition and holistic evaluations, and possibly conducting multiple holistic
evaluations during the process, the present study did not address how such multiple evaluations
may affect the efficiency of the method; instead, we have analysed a single holistic judgment
made right after the ranking of criteria weights step. Hence, future studies should also investigate
that.

Also, it would be relevant to consider a measure of distance between the alternatives that could
represent how difficult would it be to perform such an analysis and could be used to weigh the
effect of the treatment. In addition, investigating contributions of other factors in the analysis,
beyond the DSS solely, such as the role of the analyst, is a good perspective for future studies.
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