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ABSTRACT

Pilot selection process has been a focal point of many researchers in aviation literature. Selection of candidate
pilots is very important because training of pilots is very costly and time consuming process. In this study, we
try to determine the weights of selection criteria for civil pilots. Criteria determined in this study are classified
into three main clusters: “Technical Criteria”, “Non Technical Criteria”, “Job Related Criteria”. These main
clusters include 15 sub-criteria such as personality traits, spatial ability, team work aptitude etc. Then these
criteria are weighted by using Analytic Network Process (ANP) tool. ANP is a multi-criteria decision making
technique that take into consideration also qualitative factors in decision making problems. ANP model
including dependency between these criteria is developed. Then pair-wise comparisons of criteria are done by
instructors. The result of this study shows that intelligence, decision making and problem solving ability and
psychomotor skills are the three most important selection criteria.

Keywords: Pilot Selection Criteria, Analytic Network Process, Multi-Criteria Decision Making

ANALITIK SERIM SURECININ UYGULAMASI: SIVIL PILOTLAR iCIN SECIM KRITERLERIN
AGIRLIKLANDIRILMASI

OZET

Pilot secim siireci havacilik literatiiriinde pek ¢ok aragtirmacinin odak noktasi olmustur. Aday pilotlarin segimi
¢cok onemlidir ¢iinkii pilotlarin egitimi ¢ok maliyetli ve zaman alan bir siirectir. Bu ¢alismada, sivil pilotlar igin
se¢im kriterlerinin agirliklarint belirlemeye c¢alistik. Calismada belirlenen kriterler, tic ana kiime icinde
simiflandirilmaktadir: "Teknik Kriterler", "Teknik Olmayan Kriterler", "Isle Iigili Kriterler”. Bu ana kiimeler
kisilik ozellikleri, uzaysal yetenegi, ekip ¢alismasi yetenegi gibi 15 alt kriteri igerir. Bu kriterler daha sonra
Analitik Serim Siireci (ANP) aracini kullanarak agirliklandirilmistir. ANP karar verme problemlerinde nitel
faktorleri de dikkate alan ¢ok kriterli karar verme teknigidir. Bu kriterler arasinda bagimhihigi iceren ANP
modeli gelistirilmistir. Kriterlerinin ikili karsilastirmalari 6gretmen pilotlar tarafindan yapildi. Bu ¢alismanin
sonucu zekd, karar verme ve problem ¢ézme yetenegi ve psikomotor becerilerinin en énemli ii¢ se¢im kriteri
oldugunu gosterir.

Anahtar Kelimeler: Pilot Secim Kriteri, Analitik Serim Siireci, Cok Kriterli Karar Verme

1. INTRODUCTION might be difficult to calculate, some studies have been
presented to estimate cost to the organizations. For

Pilots have different characteristics, such as abilities, example for US Air Force the cost of each candidate

attitudes, skills and motivations. Ensuring the most  who fails undergraduate pilot training is estimated to

suitable pilot fill a job position is good not only for  be $ 50000-80000 [1].

airline organizations, in terms of lower costs and

wasted time but also for individuals in terms of loss of  There are many papers in literature about pilot

self esteem. Although costs to the pilot candidate  selection. Firstly, [2] studied the characteristics that a
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successful pilot should have. They emphasized that
personality, ability is needed for the success of a pilot.
Situational awareness, memorization, reasoning,
perceptual speed, time sharing selective attention,
response orientation, spatial orientation, divided
attention, psychomotor coordination, control precision
and visualization are the ability factors of their study.

According to research in aviation psychology, basic
aptitudes and personality traits are important factors to
determine the professional reliability of human
operators such as pilot [3].

[4] performed to 678 Air Force pilot training
candidates a paper and pencil aptitude battery and
computer-administered tests. These tests include
psychomotor skills, information processing and
attitude toward risk. In this study the best predictors of
the criteria were found the paper and pencil tests.

All NATO member countries apply some form of
psychometric testing as part of military pilot selection.
The measurement of mental traits, abilities and
processes are included in psychometric testing.
Common examples of aptitude tests involve traditional
paper- and-pencil tests, psychomotor tests and
computer based tests. The published literature on pilot
selection methods generally concerns military pilot
selection. However a few studies involving
commercial aviation are available. Commercial
selection procedures will have to become like the
military procedures. For Example; Us Air Carriers
used a combination of several different selection
methods involving interviews, aptitude tests, flight
checks, clinical psychological assessment, reference
checks, and biographical checks. The most commonly
used selection methods were interviews (96%),
reference checks (93%), and flight checks (76%). The
DLR (German) pilot selection system for ab initio
training at non germen applicants, five separate
stages: 1) paper and pencil tests (English proficiency,
cognitive ability, personality), 2) apparatus tests
(multiple task performance, psychomotor
coordination, choice reaction time), 3) additional oral
English exam, 4) medical exam, 5) psychological
interview are included by IBERIA Airlines [4]. [5]
defined a 4 stage process used by Air France for
selecting pilots. In the stages there are measurements
of 1) general knowledge (e.g., mathematics, physics,
mechanics, English proficiency), 2) “height” (e.g.,
attention, concentration, multi-tasking, perceptual
speed, vigilance), and 4) psychological evaluation
(e.g., personality, interviews).

When the research studies about the criteria in
selection of pilots were analyzed, it was seen that in
addition to personality, ability is necessary to be a

successful pilot. In these studies, situational
awareness, memorization, calculating, perceptual
speed, spatial orientation, divided attention,

psychomotor coordination and visualization were seen
as ability factors. And it was expressed that
intelligence, psychomotor and personality traits are
important while examining the pilot selection criteria.
In these studies, criteria in selection of pilots are seen.
These criteria are identified with experience
intuitively. However none of these studies mention
weighting of pilot selection criteria with Analytic
Network Process (ANP).

Many applications of ANP have been seen to literature
because of commonly used in decision making
problems. For example; [6] develop the ANP model
including interdependencies of the personnel selection
factors. They estimate global weights of the personnel
factors in the model and also develop an evaluation
scale as to the assessment of personnel selection
factors. [7] develop the ANP model for supplier
selection. Their proposed model is implemented in
electronic company. [8] is used ANP within a zero—
one goal programming (ZOGP) model to select
candidate projects of information system.

In addition to these studies [9] study to evaluate
research & development project selection; [10], to
measure the long-term  performance of a
manufacturing firm; [11], to construct ANP model for
strategic supplier selection; [12] to combine ANP and
goal programming approach in quality function
deployment process; [13] to use application of ANP
for selection of product mix in a semiconductor
fabricator.

We could not encounter any ANP application in pilot
selection problems in literature. In this study ANP
model for weighting of pilot selection criteria is
developed. Firstly pilot selection criteria are classified
into three main clusters: “Technical Criteria”, “Non
Technical Criteria” and “Job Related Criteria”. These
main clusters include 15 sub-criteria such as
personality traits, spatial ability, team work aptitude
etc. Then these criteria are weighted by using ANP
tool. ANP model including dependency between these
criteria is developed. Then pair-wise comparisons of
criteria are done by instructors. The results of this
study shows intelligence, decision making and
problem solving ability and psychomotor skills are the
three most important criteria.

2. ANALYTIC NETWORK PROCESS

The Analytic Network Process (ANP) is a multi-
criteria decision making tool used to derive relative
priority scales of absolute numbers from individual
judgments [14]. It is introduced by Saaty.

Many real world decision problems cannot be
constructed hierarchically because of the interaction
and dependence of higher-level elements in a
hierarchy on lower-level elements [15].
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The Analytic Network Process (ANP) is a
generalization of the Analytic Hierarchy Process
(AHP) by considering the dependence between the
elements of the hierarchy [15]. Figure 1 shows the
ANP structure. The ANP involves directions and
cycles between clusters and loops within the same
clusters. As shown the figure below, arc from
component C4 to C2 indicates the outer dependence of
the elements in C2 on the elements in C4 with respect
to a common property. Also, loop in a component
indicates inner dependence of the elements in that
component with respect to a common property [14].

Feedback Network with components having
Inner and Outer Dependence among Their Elements

Figure 1. The ANP Structure [14].

The process of ANP comprises four major steps [6];
[13]; [9; [11]; [16]:

Step 1: Model construction and problem structuring:
The problem should be stated clearly and decomposed
into a rational system like a network. The structure
can be obtained by the opinion of decision makers
through brainstorming or other appropriate methods.
An example of the format of a network is as shown in
Figure 1.

Step 2: Pair-wise comparisons matrices and priority
vectors.: In ANP, like AHP, decision elements at each
component are compared pair-wise with respect to
their importance towards their control criterion, and
the components themselves are also compared pair-
wise with respect to their contribution to the goal.
Decision makers are asked to respond to a series of
pair-wise comparisons where two elements or two
components at a time will be compared in terms of
how they contribute to their particular upper level
criterion [9]. In addition, if there are interdependencies
among elements of a component, pair-wise
comparisons also need to be created, and an
eigenvector can be obtained for each element to show
the influence of other elements on it. The relative
importance values are determined with Saaty’s 1-9
scale (Table 1), where a score of 1 represents equal
importance between the two elements and a score of 9
indicates the extreme importance of one element (row

component in the matrix) compared to the other one
(column component in the matrix) [9].

Table 1. Saaty’s 1-9 Scale for AHP/ANP Preference

Index [10].
_IntenS|ty of Definition Explanation
importance
two activities
Equal .

1 importance contrlbutg equally
to the objective
experience and

3 Moderate judgment slightly

importance favor one over
another
experience and

5 Strong judgment strongly

importance favor one over
another
activity is strongly
favored and its
Very strong . .

7 importance dominance is .
demonstrated in
practice
importance of one

Extreme over another

9 importance affirmed on the
highest possible
order

A reciprocal value is assigned to the inverse
comparison; that is, a;=1/a;, where a; (a;) denotes the
importance of the ith (jth) element. Like AHP, pair-
wise comparison in ANP is made in the framework of
a matrix, and a local priority vector can be derived as
an estimate of relative importance associated with the
elements (or components) being compared by solving
the following equation:
AXW = Ay XW (D
where A is the matrix of pair-wise comparison, w is
the eigenvector, and Amax is the largest eigenvalue of
A. Saaty (1980) proposes several algorithms for
approximating w. In this paper, the following three-
step procedure is used to synthesize priorities [13].

1. Sum the values in each column of the pair-wise
comparison matrix.

2. Divide each element in a column by the sum of its
respective column. The resultant matrix is referred to
as the normalized pair-wise comparison matrix.

3. Sum the elements in each row of the normalized
pair-wise comparison matrix, and divide the sum by
the n elements in the row. These final numbers
provide an estimate of the relative priorities for the
elements being compared with respect to its upper
level criterion. Priority vectors must be derived for all
comparison matrices.

Step 3: Supermatrix formation: The supermatrix
concept is similar to the Markov chain process [16].
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To obtain global priorities in a system with
interdependent influences, the local priority vectors
are entered in the appropriate columns of a matrix. As
a result, a supermatrix is actually a partitioned matrix,
where each matrix segment represents a relationship
between two nodes (components or clusters) in a
system [9]. Let the components of a decision system
be G, k=1,2,...,n, and each component k£ has my
elements, denoted by ey, €,...,emk- The local priority
vectors obtained in Step 2 are grouped and located in
appropriate positions in a supermatrix based on the
flow of influence from a component to another
component, or from a component to itself as in the
loop. A standard form of a supermatrix is given Figure
2 [16].
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Figure 2. A Standard Form of a Supermatrix

As an example, the supermatrix representation of a
hierarchy with three levels as shown in Figure 3(a) is
follows [16].

0 0

2

‘-‘;ll= 11. 21 0 0 ( )
0 W, I

where w,; is a vector that represent the impact of the
goal on the criteria, W3, is a matrix that represents the
impact of criteria on each of the alternatives, [ is the
identity matrix, and entries of zeros corresponding to
those elements that have no influence.

The matrix shown in Figure 2 is the general form of a
super matrix and the matrix that is shown as / is the
specific super matrix of the hierarchic structure that is
given in figure 3. That is the result of hierarchic
structure. In order for hierarchies that are given in
figure 3 to refer to the square matrix, identity matrix is
added.

For the above example, if the criteria are interrelated
among themselves, the hierarchy is replaced by a
network as shown in Figure 3(b). The entry of W,

given by Wy, would indicate the interdependency, and
the supermatrix would be [16].

0 0 0
W=lwy, W, 0 ®)
o W, I

Figure 3. Hierarchy and Network
(a) a Hierarchy; (b) a Network [6];[13].

Note that any zero in the supermatrix can be replaced
by a matrix if there is an interrelationship of the
elements in a component or between two components.
Since there usually is interdependence among clusters
in a network, the columns of a supermatrix usually
sum to more than one. The supermatrix must be
transformed first to make it stochastic, that is, each
column of the matrix sums to unity. A recommended
approach by [16] is to determine the relative
importance of the clusters in the supermatrix with the
column cluster (block) as the controlling component
[9]. That is, the row components with nonzero entries
for their blocks in that column block are compared
according to their impact on the component of that
column block [16]. With pair-wise comparison matrix
of the row components with respect to the column
component, an eigenvector can be obtained. This
process gives rise to an eigenvector for each column
block. For each column block, the first entry of the
respective eigenvector is multiplied by all the
elements in the first block of that column, the second
by all the elements in the second block of that column
and so on. In this way, the blocks in each column of
the supermatrix are weighted, and the result is known
as the weighted supermatrix, which is stochastic.
Raising a matrix to powers gives the long-term
relative influences of the elements on each other. To
achieve a convergence on the importance weights, the
weighted supermatrix is raised to the power of 2k+1,
where £ is an arbitrarily large number, and this new
matrix is called the limit supermatrix [16]. The limit
supermatrix has the same form as the weighted
supermatrix, but all the columns of the limit
supermatrix are the same. By normalizing each block
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of this supermatrix, the final priorities of all the
elements in the matrix can be obtained.

Step 4: Selection of best alternatives: 1f the
supermatrix formed in Step 3 covers the whole
network, the priority weights of alternatives can be
found in the column of alternatives in the normalized
supermatrix. On the other hand, if a supermatrix only
comprises of components that are interrelated,
additional calculation must be made to obtain the
overall priorities of the alternatives. The alternative
with the largest overall priority should be the one
selected.

3. A PROPOSED MODEL FOR PILOT
SELECTION

In this section, criteria required in pilot selection
process were weighted according to ANP method. The
Super Decision package program
(www.superdecisions.com) trial version is used in this
study. The proposed ANP model algorithm for pilot
selection is given in Figure 4.

The first step of the algorithm given in Figure 4 is the
analysis of the pilot selection process. The aim of the
pilot selection problem is to weight the criteria of pilot
selection.

The second step is the determination of the goal and
pilot selection criteria. Total 15 criteria with three
main criteria clusters given below are determined by
receiving support from instructor pilots in Turkey.
These main clusters are:

Technical Criteria
Non-Technical Criteria
Job Related Criteria
All of the criteria and sub-criteria are given a code
letter. These codes, which are given in Table 2 will be
used in the super matrix of ANP model.

Analysis of pilot selection problem

v

Determining the goal and pilot
selection criteria

!

Developing ANP model for pilot selection

Implementing paired comparisons

A 4

Determining the limiting priorities of pilot
selection criteria

Figure 4. The Algorithm of ANP Model for Pilot
Selection.

Table 2. Criteria Code Letter, Definition and Description.

Criteria code letter | Criteria definition Description

J Job Related Criteria the criteria dealing with occupational

N Non -Technical Criteria 'Fhe criteria d@al.mg with not characteristic of or skilled
in applied aviation
the criteria dealing with characterizing or showing skill

T Technical Criteria in or specialized knowledge of applied aviation
refers to skill in perceiving the visual world,

1 Spatial Ability transforming anq modifying initial percep')tiops, and
mentally recreating spatial aspects of one's visual
experience without the relevant stimuli.
the ability to recall accurately an object no longer in

J2 Visual Memory Ability view and then to relate its characteristics to other
objects either in view or nor in view.

I3 Psychomotor Skills defined as voluntary muscular movements involving
both mental and motor processes

14 Auditory Memory Ability the ability to retain and recall auditory information

15 I ) a formal meeting for the assessment of a candidate or

nterview applicant
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Table 2. Criteria Code Letter, Definition and Description (continued).

. . personality characteristic, one of the qualities
NI Personality Traits which characterizes the individual
N2 Communication Abilit the ability to use language (receptive) and
Y express (expressive) information

working as part of a group in which there is a

N3 Team Work Aptitude shared goal and to achieve this different
members of the team take on different roles

. . process of deciding and organizing information
N4 ]S:)(flcvl isrllon Making and Problem in order to arrive at and evaluate possible
£ solutions
N5 Intellicence the ability to learn or understand or to deal with
& new or trying situations

an examination score given to determine if a

Tl University Entrance Exam Score | candidate is qualified to be admitted to a
university

T The Knowledee of Basic Physics the knowledge that deals with matter and energy

& Y and their interactions
. o the ability of an individual to speak or perform in
3 English Language Ability an acquired English language
The Knowledee of Basic the knowledge that deals with numbers and

T4 Mathematics & number patterns and forms; mathematical aspects
of something

Ts The Knowledee of Basic Aviation the knowledge that deals with the operation and

& production of aircraft

GOAL is represented by “R” and “R” means Ranking Pilot Selection Criteria

GOAL: Ranking Pilot Selection Criteria

v

Technical Criteria

Non-Technical Criteria Job- Related Criteria

¥

M

Technical Criteria

Non-Technical Criteria

University Entrance Exam Score

The Knowledge of Basic Physics
English Language Ability

The Knowledge of Basic Mathematics
The Knowledge of Basic Aviation

Personality Traits

”l Communication Ability

Team Work Aptitude

Decision Making and Problem Solving
Intelligence

N

(O 7

Job-Related Criteria

Spatial Ability

Visual Memory Ability
Psychomotor Skills
Auditory Memory Ability
Interview

Figure 5. The Proposed ANP Model for Pilot Selection.
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In the third step, the connections between and within
clusters are determined. The proposed ANP model for
pilot selection is given in Figure 5. As shown the
figure; Technical Criteria cluster has interaction
between other clusters. In addition, loop in the cluster
of Technical Criteria indicates inner dependence of the
elements in that cluster. For instance; University
Entrance Exam Score sub criteria has inner
dependence between The Knowledge of Basic Physics
and The Knowledge of Basic Mathematics sub
criteria. All of interactions can be seen in the
Figure 5.

Pair-wise comparisons of criteria are done by 5
instructors with group decision making method using
1-9 Scale developed by Saaty in the fourth step.
Instructor pilots in School of Civil Aviation are
responsible for theoretical ground course, flight
simulator and flight training. These instructor pilots
are retired military pilots. They are experienced for
the selection of pilot candidates. Instructor pilots
evaluate student pilot flight performance and abilities
with the help of flight evaluation forms. In this step
the consistency of each comparison is checked. In
order to measure the consistency of pair-wise
comparisons, the program calculates inconsistency
ratio. Inconsistency must be precisely one order of
magnitude less important than consistency, or simply
10% of the total concern with consistent measurement.
If it were larger it would disrupt consistent
measurement and if it were smaller it would make
insignificant contribution to change in measurement
[17]. Pair-wise comparison matrix based on interview
exhibits the priorities of criteria belonging to non-
technical cluster is given in Table 3.

Table 3. Pair-wise Comparisons Matrix Based on
Interview Criteria.

Relative
N1 | N2 | N3 |Priorities
N1 : Personality Traits 11313 1,000
N2 : Communication
Ability 1731 1 | 1/2] 0,265
N3 : Team Work Aptitude | 1/3| 2 1 0,420

Inconsistency ratio: 0, 0516

Inconsistency ratio of the matrix is 0, 0516 and it can
be said that pair-wise comparisons are consistent since
this value is less than 0.1. According to the network
structure in Figure 5, all pair-wise comparisons were
made in this way for each criteria that had been
defined to have relation with other criteria and the
priorities were calculated.

In the last step, according to these pair-wise
comparisons, the unweighted, weighted, limit super
matrixes are constructed. The unweighted super
matrix is given in Table 5. Then clusters’ priority
weights were calculated by using experts’ opinion.
Multiplying this priority weights by the unweighted
super matrix we had the weighted super matrix which
is presented in Table 6. The limiting priorities of the
weighted super matrix are calculated. This limiting
super matrix is given in Table 7.

4. RESULTS

The proposed decision model of pilot selection was
implemented for 15 criteria with three main criteria
cluster. In the implementation, the proposed ANP
model which is shown in Fig. 5 was used. The paired
comparisons were made by taking instructors opinion
working in the School of Civil Aviation. Also all the
calculations were performed by using Super Decision
package program. The results of our ANP model are
seen in Table 4. As shown the Table 4, the most
important criteria intelligence. Also the least essential
criteria that affect pilot selection are the knowledge of
basic aviation and English language ability.

It can be said that results of this study are consistent
since inconsistency ratio of all pair wise comparisons

is less than 0.1.

Table 4. Priorities of Pilot Selection Criteria.

Criteria Name Limiting
Value
Spatial Ability 0,028
Visual Memory Ability 0,063
Psychomotor Skills 0,086
Auditory Memory Ability 0,039
Interview 0,066
Personality Traits 0,046
Communication Ability 0,024
Team Work Aptitude 0,015
Decision Making and Problem Solving | 0,124
Intelligence 0,414
University Entrance Exam Score 0,010
The Knowledge of Basic Physics 0,042
English Language Ability 0,005
The Knowledge of Basic Mathematics | 0,033
The Knowledge of Basic Aviation 0,005

5. CONCLUSION

Pilot selection, which is one of the most important
issues in aviation, must be systematically considered
from the decision makers. For this reason, pilot
selection is studied by researchers.
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In this paper, pilot selection is considered as a multi
criteria decision problem and a model is proposed by
using ANP method.

When the research studies about the criteria in
selection of pilots, it was expressed that intelligence,
psychomotor and personality traits are important. In
these studies the criteria in selection of pilot
candidates are seen. In this study the evaluation
criteria are taken from literature about pilot selection
and expert opinions. The priorities of these criteria are
identified commonly with experience intuitively.
However none of these studies mention weighting of
pilot selection criteria with ANP.

The determined weights of criteria by using ANP are
also approved from the instructors in aviation school.

This study shows that, ANP is a good decision tool by
determining weighting of pilot selection criteria to
select the most appropriate pilot candidates.

Our main important finding is that the proposed model
can be used for selecting pilot candidates. These
model findings are important especially for aviation
school instructors and administration of aviation
schools, and airway companies.

The results of this study suggest that intelligence,
decision making and problem solving ability and
psychomotor skills are the three most important
criteria.

This paper can be extended by implementing in any
aviation school examination. Also additional pilot
selection criteria can be considered. These additional
criteria can affect the proposed model.

While choosing students for School of Civil Aviation
pilotage department; it is extremely important to
identify and select the candidates who have a low risk
of failure. The overall success ranking is formed as a
result of multiplication of contribution rate of
selection criteria about the approval in School of Civil
Aviation and exam results. And according to this
ranking whether the candidate will be accepted to
pilotage department or not is determined. But the
difficulty of evaluation of knowledge and necessary
sensory skills in acceptable levels is known. In design,
production and operating, the fact that human factors
oriented approach to every incident and situation must
be accepted as priority in use of air vehicles. In that
study, the priorities of selection criteria that were
specified intuitively are analyzed and authorities are
guided not to allow the ones who have a failure
potential in proactive manner.

In that study, the priorities of criteria can be
determined with new ANP model by both increasing

the known selection criteria and the number of
instructor pilots.
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