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Abstract

Group decision-making may present inconsistencies, resulting in biased decisions. This research presents simulations with the
formation of different groups composed of professionals who participate in evaluating a candidate for project manager. The
Behavioural Competencies Assessment Instrument and the Para-analyser algorithm were used as the foundation of the
simulations based on the Paraconsistent Annotated Evidential Logic E1. In a factual scenario, it is necessary, at least two
evaluators, in order to obtain equitable results since just one evaluator opinion may influence the result.
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1. Introduction

Personality assessment inventories are used in organizations to assist in corporate decision-making and are
based on personality variables analysis [1]. Other methods assess intellectual capital management and its
organizational performance using inventories based on Hierarchical Analysis of Processes (AHP) [2]. Others use
the Fuzzy Analytical Hierarchy Process (FAHP) [3,4] performance evaluation, classifying competencies,
considering managers who are experts in the evaluation to direct their decisions. This area is much-studied
academically, for example, in psychology and business administration, since behavioural assessments perform a
pre-selection maximizing the selection process. The development of such a tool is surrounded by discussions in
order to prove reliability and agreement.

The biggest obstacle in most applications regarding evaluation tools is that they analyse behavioural and
interpersonal elements qualitatively since they may present a subjective and contradictory result.
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Simulation research is widely recognized, presenting significant progress in theories, methods, and tools.
However, a small number of studies perform simulations with various scenarios and with evaluators from
different areas and competencies.

This study presents the second stage of the project for developing the Behavioural Skills Assessment
Instrument, which was structured according to macro behavioural skills, with relevance in selecting a project
management candidate. It was based on the Paraconsistent Annotated Evidential Logic Et (Logic Et) [3],
composed of eighteen questions, in two dimensions, the first dimension evaluating the favourable evidence, and
the second dimension evaluating unfavourable evidence; changing the current competencies assessment
parameters to a reliable assessment. The advantages of Logic Et in constructing the evaluation model are that the
groups evaluating a candidate can obtain realistic results and impartial.

This study aims to present a simulation with three different scenarios, with different groups' formation, to
evaluate a candidate. The data were randomly determined for each question of the IACC [4], intending to study in
detail the relationship between the formation of groups and their results in an analysis of the behaviour. The
groups' definition includes specialists in project management, human resources, construction planning and control
professionals, director of bras and planning, and the project's investor.

Nomenclature

AHP  Hierarchical Analysis of Processes

FAHP Fuzzy Analytical Hierarchy Process

IACC Behavioural Skills Assessment Instrument
ES Expert Systems

2. Theoretical framework

This topic deals with the theoretical basis of project managers and the competencies involved, behavioural
competency interview and competency assessment with the groups of professionals listed above, and the
Paraconsistent Annotated Evidential Logic Et applying in the skills assessment simulator.

2.1 Behavioural Competency Interview

Human resource management (HR) aims to establish the system that governs the relationships, definitions, and
adequacies of professional life, establishing integration between the organization and the employee. It aims to
establish the system that governs the relationships, definitions, and adequacies of professional life, establishing
integration between the organization and the employee.

The process of selection of managers involves quantitative and qualitative factors, the second being the most
used, taking into account subjective criteria, apparently which may present divergent results in the decision-
making process. The interview has the investigative purpose of classifying and technically choose the appropriate
candidate for management.

The interview can be opened or closed, using a structured format or semi-structured, allowing fluidity in the
mnterview stage to build a conversational approach [5]. Interviews can be performed individually or by groups of
professionals in technical areas, HR, and others.

The interviewer's role, a member of the group, may conduct the interview, extracting as much information
from the candidate, applying an evaluation instrument. Although the interview measures the technical aspects, the
candidate's behavioural aspects are often not revealed in this process.

Companies hire professionals through the technical profile, whose proposal is to increase the project manager's
performance considering the high behavioural competence level [6]. This professional needs the knowledge and
technical skills to conduct a project, but the behavioural ability directly impacts the results, whose organizational
environment is constantly changing [7,8], often resulting in layoffs for behavioural reasons [9].
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2.2 Group Formation Evaluators

When a single individual is responsible for organizational decisions, negative results can be generated, such as
the inability to choose, postpone, or make improper decision-making, as there may be a lack of vision of the
importance of collective outcomes [10].

Group training improves decision-making quality to achieve a consistent result, as the opinion comes from
various professionals. In doing that, it reduces negative aspects such as conflicts of interest or biased analyses and
subjectivity [11,12]; being a participatory process in which individuals are interacting with each other, with
interest in analysing a problem and selecting a solution among the alternatives; defined as a shared organizational
process [13].

The selection processes can be carried out in different stages, and there is the participation of several
professionals coming from different areas, along with the candidate. In this context, the group's collaboration, in a
dynamic and open discussion, proceed with the evaluation with objectivity and harmony, combining the
experiences and the professional skills, resulting in satisfactory choice.

A challenging aspect of decision-making processes is that several professionals' grouping to evaluate
candidates shares hiring decisions simultaneously. The definition of groups and their members may interfere with
the outcome of [3]. If there is no agreement between the participants, a conflicting or contradictory result can be
obtained in the decision-making [14].

2.3 Paraconsistent Annotated Evidential Logic E7

Typically, a System Specialist (ES) incorporates basic knowledge containing experiences accumulated in
inferences or mechanisms rules from a set of rules to apply the knowledge base. Each ES is a specific system to
meet a particular [15] need (Fig. 1). Another definition is that an ES can be described as a computer program that
assists the trial in a particular field [16].

Fig. 1 — Schematic of an Expert Systems application
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Source: Adapted from Pektor et al. [17]

The Paraconsistent Annotated Evidential Logic Et figure among the so-called non-classical logic infringes
some of Aristotelian Logic's basic principles as the principle of contradiction, and there may be contradictory
propositions both true within. From the perspective of Aristotelian Logic, any proposition is necessarily true or
false. Thus, in Logic Et, a sentence and its denial may be both true. An atomic proposition of Et is of the kind p
(u, A) where the pair (u, ) (called annotation constant) is such that p e & € [0, 1] e p denotes a proposition in the
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usual sense. p indicates the degree of favourable evidence e A indicates the unfavourable evidence expressed by
the proposition p.

e (0, 0): null favourable evidence and unfavourable evidence null (Paracomplete);

e (1, 1): total favourable evidence and total unfavourable evidence (Inconsistent);

e (1, 0): total favourable evidence and unfavourable evidence null (True);

e (0, 1): null favourable evidence and total unfavourable evidence (False).

Logical states are called extremes, represented by internal regions in the reticulated (Fig. 2), and non-extremes
are named according to proximity to extreme logical states, as demonstrated by Table 1.

For data processing, connectives apply AND and OR in the propositions, which are favourable and
unfavourable opinions for the issue, coming from professionals who participate in group decision-making.
Operators OR; AND correspond to the ideas of disjunction and conjunction in Classical Logic. Maximization is
described as (1, A1) OR (u2, A2) = (Max {1, po}; Min {A1, A2}) where Max indicates the operation of maximizing
real numbers with the ordinary order and Min indicates the operation minimizing real numbers with ordinary
order. The operation AND is described as (p1, A1) AND (uz, 22) = (Min {p1, po}; Max {1, A2}) where Min
mndicates the operation of minimizing real numbers with the ordinary order and Max indicates the operation
maximizing real numbers with ordinary order.

Fig. 2 — Representation of the Lattice T Table 1 — Symbolization of logical states
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True A% Quasi-true tending to Inconsistent Qv>T
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Source: Abe [3]

The problem's analysis is done by an expert system based on Logic Et, using the Para-analyser. The specialist
system is developed incorporating the experts' knowledge in the domain, which comes from professional
knowledge and skills and the rules defined for the knowledge base. In order to achieve an expert system that
combines different professionals from various areas, it is necessary to separate into groups of these evaluators,
which are hereinafter called specialists; by the aftinity of technical knowledge regarding a given subject, which
may be by the level of professional maturity; or by interest group. To obtain the result, the connective OR among
the specialists who belong to the same group, followed by applying the connective AND between the groups'
partial results. After the application of maximization and minimization, the degrees of certainty and uncertainty
are obtained by Grey of certainty — Gee (i1, A) =  — A; and the Degree of Uncertainty — Gin (1, A) =p + A —1[3].

2.4 TheldCC

The TACC, Behavioural Skills Assessment Instrument was obtained from [4]. The authors proposed evaluating
the project manager candidate's behavioural skills in a two-dimensional way, applying the Logic Et, with issues
that assess the different aspects of the candidate's previous experiences, thus minimizing subjectivity conflicts
between the evaluators.

The instrument's construction was based on technical criteria such as behavioural skills and changes in project
requirements. The questions are divided into two dimensions, where p represents favourable evidence, and A
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represents unfavourable evidence A in the evaluator's view. The methodological steps of the IACC can be checked
in detail in Fig. 3.

Fig. 3 - The steps of the sequence analysis
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Source: The authors
3. Methodology

This section presents the methodological procedures applied in this study to achieve the final results. The
research objective was established in the methodological framework, the type of research; the definition of the
collection instrument; the process of defining the groups, and the analysis of the data.

This research presents an exploratory objective because it is intended to build a piece of knowledge about the
formation and deliberation of groups in an evaluation process of behavioural competencies of a candidate for a
project manager, based on Logic Et [3].

The procedure of this article is based on experimental research, which consists of determining an object of
study, selecting common interest groups, specifically in simulation, with a qualitative approach, because it seeks
to analyse the results of the Para-analyser with hypothetical scenarios, being only presented in this study, three
different simulations combining the evaluators into different groups. The evaluators' opinions were attributed,
analysing the relevance of the different results of the Para-analyser to determine the cause-and-effect relationships
in the structuring of the groups [18].

The professionals selected for this simulation come from human resources (HR), of the coordination of the
construction (CO), of the general construction management (GCM), of the direction construction (CD), of the
direction planning (PD), and by the investor (INV).

Three ditferent groups were defined. The first group (Gi) was composed of HR, CO, GCM, and CD. The
second group (Gz) was composed of three experts, divided into two subgroups (G2 and G22), being that the Gz,
was composed of only one specialist from the HR; and the Gz>was composed of two experts GCM and CD. The
third group (Gs) was formed by three subgroups (G, Gz, and Gs3), 0o Gs1was composed of an expert from the
HR, the Gz with two experts being one CD and the PD. The Gss was formed exclusively by the INV, as
described in Fig. 4.

Fig. 4 - Division of evaluation groups

Source: The authors
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The simulation was based on the IACC, using a random data generation function to (u, 1), assigning fixed
values between [0,1], according to Table 2, for each evaluator, using Microsott Excel®. For this study, the level
of requirement of 0.50 was established, considered a tolerable value for the construction sector, to obtain results

efficiently in an analysis of candidates.
Table 2 — Data used in the simulation

HR CO GCM CD CM PD INV
Competence u . n h n A n i n A n A n A
1 049 026 029 0.18 027 018 072 018 029 0.18 085 0.08 0.09 0.08
2 095 002 029 068 025 001 086 001 029 068 085 084 088 0.84
3 097 037 076 072 083 035 085 035 076 072 085 0.16 073 0.16
4 0.14 096 041 078 057 041 092 041 041 078 085 070 085 0.70
5 0.23 046 078 0.10 0.10 086 040 086 078 0.10 0.85 0.77 0.08 0.77
6 077 060 070 043 041 002 021 002 070 043 085 035 09 035
7 0.04 088 071 099 033 057 011 057 071 099 085 0.10 066 0.10
8 024 075 074 090 006 048 067 048 074 090 085 036 0.09 036
9 0.84 037 042 0.14 0.89 058 0.17 058 042 0.14 085 075 044 0.75

Source: The authors
4. Group simulation results

The result of the groupings was due to the application of the AND and OR connectives in the data, according
to Table 2. The application of maximization and minimization rules follows the scheme below:

(G1) {(HR) OR (CO) OR (GCM) OR (CD)} = {Max (prz, pco, peen, pep): Min (Mg, Aco, hoem, Acp) |

(G2) {(HR) AND [(GCM) OR (CD)]} = {Min [prr; Max (Heem, Hepy; Min (Aeem, Acp)]; Max [Amr; Max
(nGov, pep); Min (Aeem, Acp)]}

(Gg,) {(HR) AND [(CD) OR (PDH AND (INV)} = {(}-I-HR: }LHR) AND [Max (HCD- }J-PD); Min (7\{']:)_.. ?\,PD)] AND (!J-INV; ?\IN\‘)
= {Min {psr, [Max (Lo, pep)], tvv); Max (Asr, [Min (Aep, Aep)], Anev)}

The result of the Global Analysis, the Para-analyser algorithm, for the G = (0.83, 0.25) indicates that it is in
the "True" region considered true in the USPC, highlighted in the first chart with a dashed line in Fig. 5. The
result for the G, = (0.44, 0.47) indicates that it is in the "Quasi-Paracomplete tending to False." The result for the
Gs =(0.36, 0.62) indicates that it is in the "Quasi-False tending to Paracomplete."

Fig. 5 — Results of group analysis
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Source: The authors
4.1 Discussion
The results can be compared according to Table 3, confronting the three groups. The qualitative evaluation

shows that the Gi, formed by professionals from different areas in a single group, presented a result above the
required level in an individual and simultaneous evaluation; since the result is in the extreme true state (Fig. 5).
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The qualitative evaluation of the Gz presents a result Quasi-Paracomplete tending to False, which indicates that
the formation of the group is not suitable for the evaluation of the candidate because the evaluation is strongly
mnfluenced by the HR when the group 1s formed by only one specialist and may incur a biased evaluation.

The qualitative evaluation of Gs presents a similar result to the G, Quasi-False tending to Paracomplete,
despite the separation of the evaluators into three ditferent groups. The two results are below the perfectly defined
segment in Logic Et. Although there were more subdivisions of the groups to maximize the result, a group of
specialists were consulted from different areas, such as the investor in the analysis of the candidate. It was noticed
that the formation of a group with a single specialist could lead to an unjust assessment (Table 3) with deleterious
effects, impacting on the result, as the operator AND considers the lowest values among the groups, devaluing the
intra-group evaluation.

It is understood that the formation of the group should be as varied as possible, with more than one specialist
per group when using the Para-analyser algorithm, because groups with only one specialist present interference in
the results, resulting in an inequitable evaluation with biased results (Fig. 6).

Fig. 6 - Comparison Between the Simulations Table 3 - Comparison Between the Simulations
1.00 G1 G2 G3
Resulting degrees
o5 Competence g hr Ur AR LR AR
1 072 0.18 1049 026 ] 0.09 0.26
095 0.01 086 002086 0.84
0.60 3 097 0.35]085 0371073 0.37
4 092 0411014 096 ] 0.14 0096
040 5 0.78 0.10 1 0.23 046 ] 0.08 0.77
6 0.77 0.02 1070 0.60 ] 0.77 0.60
° 7 0.71 057 ] 0.04 0.88 ]0.04 088
0.20 8 0.74 048 1024 0.75]10.09 0.75
9 0.89 0.14 1042 0371044 0.75
b5 083 025 044 047 036 0.62
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Source: The authors
5. Conclusion

Fundamental simulation studies have become increasingly broad to assess behaviour and possible outcomes
and scenarios. Thus, the present study's objectives were (1) to simulate different group formations and (2)
investigate the correlation between them in evaluating a candidate. The starting point of this simulation was using
the TACC to generate random data, which were applied in the Para-analyser, based on Logic Et, assisting
decision-making.

The present study's results contribute to strengthening knowledge and application of Logic Et in a corporative
use, through simulations of evaluation of candidate to project manager in civil construction, validating the need
for a conceptual work of group formation in using Para-analyser. A single-member group is possible when this
expert has a high degree of professional maturity, impacting the overall analysis of the Para-analyser. The ideal
scenario would be the formation of groups with more than one evaluator leading to equitable results.

The results suggest that using the Para-analyser algorithm simulating an ideal scenario in evaluating a
candidate under the established circunstances would require new group formations with more than one evaluator.
Such an initiative would lead to obfaining equitable results since groups with only one specialist present
inequitable interferences and biased results.
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