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Abstract

A validation study on the selection tests of the Royal Netherlands Air Force was performed
by the University of Twente, The Netherlands in cooperation with the Royal Dutch Airforce
(RNLAF). This validation study was performed according the research question: What isthe
predictive validity of the selection tests of the RNLAF concerning the chances of
passing/failing the Elementary Military Flight Training (EMFT)? The selection teststhat were
analysed were the tests of two psychological assessments and two job sample tests. The
psychological assessment tests were formed by an instrument interpretation test, a sensori
motor coordination test, adichotic listening test, and six personality competencies based on
an interview, personality tests and group assignments. The job sample tests consist of a set of
automated (simulator) flight and a set of real flights. Predicting whether atrainee in the
selection tests would be able to passthe EMFT is called classification. A need for knowledge
on classification errors lead to hypothesis 1. Using the predictors of the selection tests of the
Royal Netherlands Air Force causes a change in wrong classification when compared to
classification without predictors. Findings in previous research lead to hypothesis 2 and 3.
Hypothesis 2: The capacities measured in the first psychological assessment are the predictors
with the greatest influence on the probability of correctly classifying the pass/fail EMFT
criterion? Whereas hypothesis 3 is: The scores measured in the simulator flights, and scores
measured in the real flights are the predictors with the greatest influence on correctly
classifying the pass/fail EMFT criterion. Whethers predictor also add predictive value
independently was hypothesis 4.

Datawas used from digital and paper dossiers and consisted of obtained scores on selection
tests obtained by trainees that had succeeded all selection tests, and participated in the EMFT,
thus both failed and passed. The sample consisted of 110 cases of trainees that participated in
the EMFT between 2005 and 2008. The sample had a passing rate of 56.4%, n= 62. Predictors
were chosen based on interviews and kept mostly at end scores of tests. A backward logistic
regression analysis was performed with passing/failing EMFT as criterion. Predictors were
transformed to standardised Z-scores. Results from analysis were compared to results from a
base model. This model contains a constant but does not include any predictors.

The model produced by the analysis was reached in twenty steps and contained the
predictor mental load in the real flights. This model showed an overall correct classification
of 61.1%; 40.7% positives; 20.4% negatives; 25.9% false positives, and 13.0% false
negatives. This supported hypothesis 3 partly. The analysis of group and individual predictors
showed that predictors from the real flights were significantly predictive of passing/failing the
EMFT, this provided support for hypothesis 4. Analysis of a full model including all
predictors showed a 75.9% overall correct prediction and one significant predictor being the
mental load of the real flights. Classification results changed due to use of predictors
compared to the base model giving support for hypothesis 1. Hypothesis 2 could not be
supported.
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1. A validation study on the selection tests of
the Royal Netherlands Air Force

1.1 Introduction

sk any young child, what they want to be when they grow up and

A

to becoming an aviator is long; consisting of selection tests, military training, and

chances are that they answer they would like to be an aviator. The road

flight training. A career as a military aviator isonly for the few. The aviator
selection involves a thorough procedure. When the selection procedure is sound
the best candidates are selected. The Royal Netherlands Air Force [Koninklijke
Luchtmacht] (RNLAF) wishes to uphold the quality of the selection procedure
and therefore gave the assignment to conduct a validation study. Before
describing the validation study a general sketch of the selection procedure and
information on general aviator selection is given. A detailed description is given
in paragraph 1.3.

Thefirst step in the selection procedure is an aviator information day. During
this day applicants attend presentations and are able to ask questions to the crew
about their working lives and experiences. The day ends with a demonstration
flight (RNLAF [1], 2008).

The second step contains the selection tests of the RNLAF. These tests are
discussed in detail in paragraph 1.3 “The selection tests of the Royal Netherlands
Air Force”. Generally, selection tests where aptitudes, abilities, and skills are
measured are the biggest hurdle in the selection procedure (RNLAF [2], 2004).

After completing the selection tests applicants attend the Netherlands Defence
Academy [Nederlandse Defensie Academie] (NLDA) where an initial military
training is offered that prepares applicants to be officers. Basic and advanced
military skills are taught in a period from six monthsto ayear (RNLAF [2],
2006).

Once basic and advanced military skills are mastered, the officerg/trainee
aviatorstransfer to the Elementary Military Flight Training [Elementaire
Militaire Vlieger Opleiding] (EMFT). The trainee aviatorsin the EMFT
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complete ground school (theory of flight) followed by flight training in the
Pilatus PC-7(RNLAF [2], 2006).

A solo flight completes the EMFT, after which trainee aviators are appointed to
fixed wing or rotary wing according to their performances and numbers of places
available in the additional flight training. Those who are top of their class are
selected for fixed wing; the others are selected for rotary wing. Trainee aviators
continue their education in the United States of Americawhere they receive
additional flight training and type specific flight training®. The duration of
additional flight training and type specific training is approximately one year,
after which the trainee aviator receives awing® (RNLAF [2], 2006).

Back in the Netherlands aviators follow a conversion training aimed at flying
in the Dutch climate and circumstances. After completing this training the
aviators are placed at asquadron and start their operational career (RNLAF [2],
2006).

1.2 Research into aviator selection

1.2.1 History and measures
At first, military aviator selection was developed in Italy in the period prior to the
First World War and measured reaction time, emotional reaction, equilibrium,
perception of muscular effort, and attention. During the First World War more
countries applied selections to reduce the high attrition rate in the aviator
training. This attrition rate could be up to 90% (Hunter & Burke, 1995).
Measures of intelligence seemed effective. The interbellum was characterized by
agrowth in selection research in the United States of America and Germany
(Hunter & Burke, 1995). The American Army Air Corps put the focus on
measuring general mental and reasoning abilities. The German Air Force focused
mainly on subjective measures with tests such as Rorschach (Tsang & Vidulich,
2008). During the Second World War there was renewed interest in selection

research stretching the topics of selection to: intelligence, psychomotor skill,

! Type specific training for fixed wing: Cessna T37 Tweet, T38, and F16 Fighting Fal con. For
rotary wing: TH67 creek, Huey, Cougar, Chinook, and AH-64 Apache.

2 The*‘wing’ isa brass set of miniature wings that can be placed on a uniform to indicate that the
person isan aviator. Thisdecoration is highly valued and desired within the RNLAF.
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mechanical comprehension, and spatial measures. After the Second World War
testing of personality became important. From the 1970’ s to present day all
aviator selections test multiple aptitudes and psychomotor abilities (Tsang &
Vidulich, 2008). In addition, personality measurements are common in
continental Europe (Hunter & Burke, 1995).

1.2.2 Previous validity research
Many validation studies on military aviator selection tests have been undertaken
(Martinussen & Torjussen, 1998., Delaney 1992). Often due to small samples
sizes, small variances, range restriction, and dichotomization results were neither
staggering nor significant. In general, it seemsthat a general cognitive factor ‘g’
has the best predictive validity, especially when this general cognitive factor is
tested together with other constructs (Tsang & Vidulich, 2008, Hunter & Burke,
1995).

In 1997, Burke, Hobson, and Linsky performed a meta-analysisin which a
composite data file of several datafiles from different air forces was used for
analysis. This ensured a large sample. Constructstested in all air force selections
were chosen as predictors. They examined predictive validity of: control of
velocity, instrument interpretation, and sensori motor apparatus. The criterion
was pasy/fail flight training score. Conclusions were that the composite observed
validity was r=.24 without any corrections.

Martinussen and Torjussen (1998) found that the predictive validity of the
Norwegian test battery on criteria of basic military flight training was high for an
instrument interpretation test (r=.29), a mechanical principlestest (r=.23), and
aviation information (r=.22).

Delaney (1992) conducted a validation study in which the predictive validity of
adichotic listening task and a psychomotor task on primary flight training
criteriawere tested. This study showed that a combination of performance scores
on the dichotic listening task and the psychomotor task show a multiple
regression coefficient of R=.442. Individual results were: psychomotor test r=.26
to .44 and dichotic listening task r= .22 to .28. Hunter and Burke (1995) [2]
further summarized that many studies showed a correlation between actual flying
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and job sample tests such as simulator based flying. Job sample tests were
described as: “ an artificially created situation in which an individual isrequired
to perform either the same tasks that will be performed on the job, or tasks that
are very similar to those that will be performed on the job.” (Hunter and Burke,
1995).

Recently the Portuguese Air Force presented a sudy in which they compared
several classification methods to predict flight success in military pilots
(Marques & Gomes, 2008). Though its goal was to compare classification
methods some predictive results also surfaced. With a sample of 254 aviators
they tested the predictive validity of 10 predictors on a pass/fail criterion in the
flight screening, which is the fourth phase of Portuguese Air Force selection.
Neural networks analysis, discriminant analysis and logistic regression showed
that predictors were instrument interpretationstest 1 and 2 (information
processing and spatial aptitude), sensorimotor apparatus (sensomotor
coordination), and vigilance (attention).

1.2.3 Previous validity research of the RNLAF
Research conducted by the RNLAF in 2005 (RNLAF [3], 2005) focused mainly
on predictive value of flying aptitude tests on the Elementary Military Flight
Training (EMFT). The job sample test scores Automated Pilot Selection System
(APSS) and Practical Flight Selection (PFS) were analysed against the pass/fail
criterion of the EMFT. Capacity and personality tests were a priori excluded.
Participants of this research joined the EMFT from 2000 to 2005 and therefore
this research is adirect predecessor of the current validation study. With n=122
and a pass rate of 66% it was found that from the APSS the best predictors were
the flight score of the last flight and the mental load scores of the second and
third flight. With these predictors 79% of all participants passing or failing was
predicted correctly. For the PFS it was found that the fourth flight was a good
predictor that ensured correct classification in 77% of all the cases.

1.2.4 Conclusions
The RNLAF selection tests do not include all discussed tests. Tests measured in
other research that the RNLAF uses as well are: instrument interpretation,



sensori motor apparatus, dichotic listening task, and job sample tests. Results
from previous research indicate that highest predictive validity can be expected
in this validation study from all above noted tests. Personality tests have not been
taken into account in previous research and any results in this area are new. The
general cognitive factor g has been shown to predict well. However, it is not
tested by the RNLAF in its selection tests and cannot be taken into account in
this validation study.

1.3 The selection tests of the Royal Netherlands Air Force
In this paragraph all the selection tests of the RNLAF will be presented and
discussed in detail. Variables and procedures will be explained for each test
divided over several subparagraphs. The first subparagraph contains general
information about the selection procedure. After this, separate selection rounds
will be described.

1.3.1 General information on the selection procedure of the RNLAF
As sketched in paragraph 1.1 aviator applicants have to complete a selection
procedure prior to being appointed as an aviator. Applicants can either be
external applicants, or employees of the RNLAF who wish to apply for an
aviator (related) position.

The selection procedure starts with an administrative pre-test and ends with a
medical examination (Tactische Luchtvaart [Tactical Air Force], 2007). The
administration and medical part of the application process are not in the scope of
this study. Selection tests are the scope of this study.

The selection tests are divided into four separate stages that take place at the
Centre for Man in Aviation [Centrum voor Mens en Luchtvaart] (CMA). Tests
are conducted by psychologists and assistant psychologists, who work by rules
and standards, set by the Netherlands institute for psychologists [Nederlands
instituut voor psychologen|] to ensure professional ethics. In the selection
procedure an up-or-out system is followed. When the applicant fails in a certain
stage the application is either put on hold for a period of time or the application
isterminated. When the applicant passes a stage, he or she goes on to the next
stage. The four selection stages are: first psychological assessment, automated
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pilot selection system, second psychological assessment, and practical flight
selection. Norms, standards and methods of the selection tests have changed
substantially around 2005. After 2005 the tests largely remained the same
(Tactische Luchtvaart [Tactical Air Force], 2007).

1.3.2 Thefirst psychological assessment
The first psychological assessment consists of three separate tests.

1. Intheinstrument interpretation test, applicants combine information from
a compass and an altitude device and then select the correctly depicted
airplane out of several options. The goal of the instrument interpretation
test isto measure spatial aptitude (RNLAF [4], year unknown).

2. Inthe sensori motor coordination test, applicants must keep a
continuously hovering form on a specific spot using ajoystick and foot
pedals. This test measures sensomotor skills (Parker, G. and Oliver, N.
2006)

3. Inthedichotic listening task, applicants have to discriminate the correct
message from two offered messages, each on one ear, while being primed
to one of both ears. The dichotic listening task measures the applicants
ability for attention switching (RNLAF [5], year unknown).

Applicants who pass the first psychological assessment are allowed to go onto
the next stage: the automated pilot selection system. When applicants fail on one
of the tests in the first psychological assessment, their application is put on hold
for aperiod of six months, after which a second chance is offered (A. Lablans,
personal communication, May, 06, 2008).

1.3.3 The Automated Pilot Selection System
The next stage in the selection procedure consists of the APSS, in which at least
three and a maximum of five simulated flights with an increasing level of
difficulty are flown. The theory of simulated flying is studied by the applicant
beforehand, study material is provided by the RNLAF. The simulated flight tests
measure flying aptitude.

Performance on the first three flights determines whether an applicant is
allowed to fly the last two flights. When results show that an applicant performs



below standards, the application is terminated after the third flight and the
applicant cannot apply ever again. Applicants who are allowed to fly the last two
flights are assessed after completing these flights. Those who perform up to mark
may go on to the second psychological assessment. For those who do not pass
the simulated flights the application is permanently terminated. Exceptionsto an
application termination rarely occur (W.A.C. Helsdingen, personal
communication, April, 23, 2008).

1.3.4 The second psychological assessment
The second psychological assessment focuses on competencies and the
applicant’s motivation. Applicantsfill in four personality questionnaires and they
participate in several group assignments during which their behaviour is
observed. To complete the assessment the applicant is interviewed by a
psychologist.

The application of applicants that fail the second psychological assessment is
put on atemporary hold. Applicants can redo their application from the second
psychological assessment on, either after a period of one year, or in special
occasions after a period of six months (R.M. Tier & A.C. van Beersum, personal
communication, May, 07, 2008).

1.3.5 The Practical Flight Selection
The last hurdle in the selection procedure is the PFS. A maximum of six practical
flights with increasing difficulty are offered to the applicant. Thefirst flight isa
familiarization flight and an indicator of airsickness. Since 2008 the PFS takes
place in Portugal. Before 2008 the PFS took place in Seppe, The Netherlands. A
clear sky is more likely in Portugal than in The Netherlands. This is important
since good visibility of the horizon when flying the PFS is a must. Applicants are
judged on flight aptitude, mental load and their progression.

Applicantsthat pass the PFS go on to a medical examination and receive a
graded application advice. These grades are: excellent, good, or average
(Tactische Luchtvaart [Tactical Air Force], 2007). Those who fail the PFS see
their application terminated permanently. An alternative is offered to apply for



the position of air combat controller (F. Jurres, E. Jurres & C.M. van Nieuwburg,

personal communication, May, 19, 2008).

An overview of the selection procedure, its tests, approximate duration, and

initial training can be found in Figure 1.

1.

Anator mformation day
1 day

2.

Selection tests
app. 2-10 weelks

Paychological Asszessment 1
1 day

instr. interpretation, sensomotor
coordination, dichotic listening task

Automated Pilot Selection System
1 or 2 days

5 Flights ‘

Paychological Assessment 2
1 day

personality questionnaires, group
assignments, mterview

Practical Flight Selection
weather dependent: optimal 3 days

_{ 6 Flights ‘

_{3.

NLDA officer traming
app. 1 year

_{4.

app. f months |

[ criterion: failfpass J

\

Fig. 1. Overview of the selection (number 1 and 2 and their branches) and the first part of training of

the RNLAF (number 3 and number 4 and its branche). The branches of number 1 and 2

are connected since they belong to the application tract of the aviator applicant.

Branches 3 and 4 are separate from the application tract since applicants are hired by the

RNLAF in these stages.
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1.4 Research question and hypotheses
The goal of the RNLAF selection procedure isto select the ideal candidatesto be
trained as military aviators. To meet this goal the selection procedure must have
a high predictive validity and must measure constructs that are highly predictive
of the performance of trainee aviators. Since 2005 no validation study has been
performed. Therefore it is unknown what the predictive validity of the RNLAF
selection procedure (Fig 1, part 2. Selection tests on previous page) for the
fail/pass criterion in the EMFT is for the period of 2005 to 2008. Norms,
standards and methods of the selection tests have changed substantially around
2005. Therefore scores from tests taken before 2005 are not included in this
validation study. After 2005 thetests largely remained the same (Tactische
Luchtvaart [Tactical Air Force], 2007).

This leads to the following research question: What is the predictive validity of
the pilot selection tests (the tests of psychological assessments 1 & 2, the
automated pilot selection system, and the practical flight selection) of the Royal
Netherlands Air Force concerning the chances of succeeding the Elementary
Military Flight Training for the years 2005 to 2008?

1.4.1. Satistical testing
For the RNLAF it isimportant to keep the number of personsthat fail the EMFT
when they were predicted to pass as low as possible. In statistical terms these
persons are called: false positives. The persons that are predicted to fail but
would pass if they were to take part inthe EMFT are called false negatives. A
high percentage of false positives would cost the RNLAF money while a high
percentage of false negatives would cause the RNLAF to miss out on potentially
good aviators.

When looking at the predictive validity of selection testsit is thus also
important to address the change of both false positives and false negatives, also
known as a change in wrong classifications. This leads to the following
hypothesis:



Hypothesis 1: Using the predictors from the selection tests of the RNLAF causes
an change in wrong classification when compared to classification without
predictors.

Conclusions drawn from previous validity research lead to several hypotheses.
Flight aptitude was highly correlated with several capacities (information
processing, spatial aptitude, sensomotor skills, and vigilance) (Marques and
Gomes, 2008; Burke, Hobson, & Linsky, 1997; Martinussen and Torjussen,1998;
Delaney,1992);, therefore it is hypothesized that scores of the first psychological
assessment are better predictors of pass/failing the EMFT than other selection
test scores. This effect is displayed when araise of obtained scores of the first
psychological assessment has a greater effect on the chances of passing/failing
the EMFT than when obtained scores of other selection tests areraised. This
hypothesisis:

Hypothesis 2: The capacities measured in the first psychological assessment are
the predictors with the greatest influence on the probability of correctly
classifying the pass/fail EMFT criterion.

Next to capacity tests, job samples were found to be highly predictive for the
chances of passing/failing initial military flight training (RNLAF [3], 2005;
Hunter and Burke, 1995). The RNLAF’ s job sample test results are partly
definitive in the selection procedure in the sense that a negative result means
candidates are excluded from application forever.

This procedure suggests that not the scores of the first psychological
assessment but scores of the APSS and PFS are the better predictors of chances
of passing/failing the EMFT. This effect would be shown when araise of
obtained scores of the APSS and PFS has a greater effect on the chances of
passing/failing the EMFT than when obtained scores of other selection tests are
raised. This hypothesisis:

Hypothesis 3: The scores measured in the automated pilot selection system, and
the scores measured in the practical flight selection are the predictors with the
greatest influence on the probability of correctly classifying the pass/fail EMFT

criterion.



Lastly, it isimportant to know whether predictors or sets of predictors add
predictive value to amodel, when they are analysed independently instead of all
predictors together in a model, or not. This leadsto afinal hypothesis:
Hypothesis 4. Individual predictors or sets of predictors add predictive value to
the base regression model.
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2. Datacollection and dataset

2.1 Gathering the data
2.1.1 RNLAF data archives

T subsets are: scores of the psychological assessment 1 and 2, scores of the
Automated Pilot Selection System (APSS), scores of the Practical Flight
Selection (PFS), and scores of the criterion fail/pass in the Elementary Military

he data set used in this research comprises several data subsets. These

Flight Training (EMFT). A paper file of each applicant is kept at the Centre for
Man in Aviation (CMA), Soesterberg, The Netherlands, with all his or her scores
collected. The different selection departments keep a separate digital archive as
well. Digital scores of assessments and scores of APSS are at the CMA. The
digital PFS scores are kept in Seppe, The Netherlands. Criterion scores of failed
trainee aviators are kept in the primary military flight school; scores of passed
trainee aviators are added in the personal logs of aviators.

2.1.2 Data problems
Several problems occurred in the data gathering process.

Firstly, the data subsets were not archived in a central place. Even though
selection scores are kept together in an applicant’s file, digital data can only be
retrieved from separate databases by assigned personnel. The downside of this
approach is that the dataset is fragmented; it takes longer to reconstruct and the
resulting dataset needs to be crosschecked to make sureit is complete and
correct.

Secondly, the APSS scores were not available in adigital format causing extra
workload; it took one month to assemble. Digital databases are far more efficient
inuse.

Thirdly, the company that performs the PFS needed digital scores of the APSS
to be able to find requested data in their digital archives. Therefore data of PFS
scores could only be retrieved after APSS scores were digitalised.

Fourthly, the primary flight school does not keep arecord of their input and
output; it does not provide data on pass/fail results or provides lists of trainee
aviators garting the EMFT. The lack of data caused atime delay. Next, it
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induced piecing together fragments of data from different sources. Thisis prone
to errors, time-consuming, and impliesthat different persons need to be given
approval of access, increasing the chance of delay.

Fifthly, PFS scores were not easily available because they were stored at an
external company and because this company was eventually not willing to
compose a database with scores to be used for present study scores seemed not
available at all. Most PFS scores then needed to be completed manually viathe
personnel dossiers stored at the CMA. Some personnel dossiers were missing
causing extra missing values and a time delay.

Besides problems in data gathering there was also a gap in the database itself
due to a crashed computer network in the past. Scores of the second
psychological assessment for the period 2005 were lost. This needed manual
reconstruction of 110 cases based on paper files.

The incompatibility of the data formats posed another problem. Though
software can import and export numbers between SPSS and Microsoft Excel a
part of the data information is lost. The numbers are imported, however variable
information behind datais lost. This is problematic since names of variables and
labels within variables are lost. Completing this for one or two variablesis
straight forward but completing this for 20 variables takes up time and is prone
to errors.

When examining the data another problem came to light. Scores of the sensori
motor test could not be found. Instead there were scores of a previously used
sensori motor test. Since the measured constructs are alike in both tests the
scores of a previously used test can be used (C.M. van Nieuwburg, personal
communication, May, 2008).



3. Research methods

3.1 Sample description

escriptive statistics were calculated on the independent variables:

D ‘Gender’ and ‘ Age'. The research sample constitutes of trainee pilots that
have passed all selection tests, passed officers training and participated in

primary military flight school from classes 2005 to the last class of 2007.
Participants are those that entered the EMFT and either passed or failed the
EMFT. The sample consists of N=110 cases. Pass rate of the EMFT for classes
2005 to 2007 is. 56.4%, n=62.
3.2 Tests administration: apparatus and method

3.2.1 Thefirst psychological assessment
All tests of the first psychological assessment (instrument interpretation,
sensomotor coordination and dichotic listening task) are administered on a PC,
one per applicant in alarge classroom. The instrument interpretation and dichotic
listening task are administered via aregular keyboard. The sensori motor test
however, istested via a specially designed console and a set of foot pedals.

3.2.2 APSS
The automated flights can be administered on three different types of simulators.
The differences that appear in flight difficulty because of these different
simulators are corrected for by the computer to make sure output scores are
comparable. Applicants are tested individually by an instructor with an instructor
change after three flights. There are pre-flight and post-flight briefings. After
three flights alunch break is included.

3.2.3 The second psychological assessment
Applicants undertake four personality tests on a PC. Secondly, applicants take
part in aseries of group assignments with obtrusive observation. Thirdly,
applicants will have an individual interview with a psychologist.

3.24 PFS
The PFS takes place in a Slingsby T-67 Firefly; see Figure 3 for an example of
the aircraft.



Fig. 3. Slingsby Firefly at TTC Seppe, the Netherlands. Photographer: A. Vercruijsse

During the test the instructor is seated alongside the applicant. Duration of the
PFS is depending on weather conditions but lasts a minimum of two daysto give
the applicant the chance to recuperate between two sets of three flights.

3.3 Pre-analysis
The first step was to identify applicants in the raw dataset that have succeeded all
selection tests, succeeded officers training and participated in the EMFT. This
happened in aretrograde way.

The next step was to choose the predictors used in the analyses. This was done
by choosing predictorsthat reflected end scores or summary scores. A detailed
explanation on the choice of predictors can be found in paragraph 3.4. Lastly, all
the cases in the research were coded for privacy protection.

3.4 Predictors and criterion description

3.4.1 Predictorsand criterion
Predictors used in the validation study were derived directly from the selection
tests of the RNLAF. An overview of independent predictors can be found in
Figure 4. The criterion used in this research was the Elementary Military Flight
Training (EMFT): pass or fail. This criterion is dichotomous.
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Selection tests:
constructs

Psy. Ass. 1. APPS: Psy. Ass. 2: PFS:
spatial aptitude flight aptitude competencies flight aptitude
sensomotor skills personality
attention

flight skills interpersonal h flight skills
- mental load sensitivity mental load
progression progression

Instrument
interpretation:
reaction time
accuracy

|

SR
Sensorimotor test:

angle, horizontal,

selfconfidence

and vertica
\ deviation ) \ )
Dichotic adaptability

listening task:
accuracy

perseverance

sdfinsight

motivation

d1l

Fig.4. Predictors used in the validation study. All predictors taken from the
selection tests as described in Fig 1. number 2. Sdlection tests
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3.4.2 Argumentation choice of predictors
There were two reasons for the choice of predictors used in this study.

First, in interviews with employees of the department of psychological
selection of the RNLAF they advised to use quantitative predictors. They also
advised to use end scores of tests.

Second, the basics of regression analysis required an amount of predictors that
issmall compared to N. When using only end scores and summary scores the
number of predictors could be reduced beforehand.

3.5 Satistical analysis

3.5.1 Logistic Regression analysis
To test the predictive validity of the selection tests on the chances of
passing/failing the EMFT, aregression analysis was performed. The EMFT
criterion (pasy/fail) is dichotomous, thus a logistic regression analysis was
needed. Stepwise logistic regression is mostly used in explorative research
whereas full model regression is often used to test hypotheses. This research
sample with asmall N and alarge amount of predictors called for an explorative
approach.

A backwards stepwise logistic regression was chosen®. All predictors were
placed in a model and those that did not contribute to the criterion were
eliminated from the model through a series of steps. At the end of the analysis a
model has been build that included predictors that had significant predictive
value on the criterion. Each building block in the model carried the predictive
value of the predictor on the criterion. A forward stepwise logistic regression was
performed as a check.

To show added predictive value of individual predictors or groups of
predictors, additional logistic regression analyses were performed where per
analysis only one predictor or one group of predictors was analysed against the
base model.

3 Background information on logistic regression and the difference from linear

regression analysis can be found in Appendix A.



3.5.3 Redtriction of range
Restriction of range effect appears when data are only used from applicants who
have met qualifying selection scores. This dataset then contains a small variation.
A full range of scores would be available if all applicants regardless of selection
tests would participate in the EMFT. Since thisis not the case, restriction of
range is expected to influence the results. Restriction of range tends to have a
downsizing effect on the regression results (Hunter & Schmidt, 1990).

One study speaks of the possibility of correction for restriction of range
through artificial extrapolation of extreme datato regular data (Dunbar & Linn,
1991). This correction has not been used.
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4. Results

4.1 Sample description
4.1.1 Descriptive statistics

T he sample used in this research has an N= 110. Nearly all participantsare
male, namely 98.2 % (n= 108). Leaving 1.8 % females (n= 2).
The Mage= 19.6 years with Minimumage= 16 years and Maximumage = 28

years. Most candidates applied after finishing secondary school. A distribution of
age can be found in Figure 5.
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Fig. 5. Distribution of ‘ Age' obtained from sample
4.2 Predictors and base model
4.2.1 Predictors

All predictors werefirst transformed to sandardised Z-scoresto ensure that all
predictors can be compared with each other. An overview of the predictors and
how they are displayed in the constructed model can be found in Table 1.
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Selection testsrounds Predictors Predictor namein modé
Psychad ogical Assessment 1 instrument interpretation Yii
selectivelistening task Y st
sensomotor-coordination Y-sme
Automated Pilot Selection System subtotal flightscore Yot
total flightscore Xotf
endscore overall X-e0
mental load 1 Y-m1
mental |ced 2 Y-m2
Psychad ogical Assessment 2 motivation Y-mo
perseverance X-pe
selfconfidence X-se
interpersonal sersitivity Yein
sfinsight Y-
adaptability X-ad
Practical Flight Selection subtotal 1 flightscore -subl
subtotal 2 flightscore Y-sub2
endscore flight A-ef
Practical Flight Selection endscore progression X-ep
endscore mental load Yeem
End ranking grade ranking grade XA-r

Table 1. Overview of predictors used in analyses. All predictors were Z-transformed
first.

4.2.2 Model
The RNLAF-selection tests equation consists of all predictors and a constant
with a chance (passing/failing the Elementary Military Flight Training (EMFT))
as an end criterion. Equation 1 depicts the RNL AF-selection tests equation:

2 [exp(a +Dbii xCii + bst>XCst +b..xC .+ br >Cr)]yi
P oY) =
(s Yo 30) 9 1+expla +bixci + bst>cst+b ¢+ b xcr)

(D

In addition to the equation, a base model exists. The base model contains a
constant and does not include any predictors. Based on the constant the base
model can predict classification results. If results indicate that 50% or more is
classified as pass then all cases are predicted as passed and thus have a 100%
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score of passed and a 0% score of failed. If resultsindicate that less than 50% is
apass than all cases will be predicted as fail. In the present study the base model
results existed of 100% predicted passed, 0% predicted failed and a 53,7%
overall correct classification.
4.3 Backward logistic regression analysis

4.3.1 Sgnificant predictors
The backward logistic regression analysis produces a model with significant
predictors only. Here, this model was reached in twenty steps and included one
predictor. This predictor was yem; Which isthe end score mental load of the
practical flight selection. In the analysis originally 20 predictors were included.
Results are addressed in the discussion and conclusion section.

4.3.2 Classification
The classification results of the model in step 20 showed that using this model
increases the percentage of correct predictions by 7.4% when compared to the
base model. Furthermore its distributions of false positives went down and false
negatives went up compared to the base model. Table 2 shows an example of a
classification table. In this table one can see category A, those trainees that were

example classification table Observed Observed
EMFT passed EMFT failed
model Predicted EMFT passed|A = positives B = false positives All those predicted to pass, A plus B
EMFT failed|C = false negatives D = negatives All those predicted to fail, C plus D
All those passed, A plus C All those failed, B plus D

model overall correct prediction = percentage correctly predicted to pass AND to fail

Table. 2. example of classification model
expected to pass and were observed to pass, B those trainees that were predicted
to pass but in fact failed (false positives), C those trainees that were predicted to
fail but in fact passed (false negatives), and D those trainees that were predicted
to fail and indeed failed. Overall correct prediction refersto the percentages A
plus D. This classification table format is used for all classification tables from
now on.

The model showed an overall correct prediction of 61.1%, with a number of
40, 7% positives and 20,4% negatives. Part of false positives is 25.9% and a part
of 13,0% false negatives.
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Table 3 displays classification percentages of the base model and classification
results of the model of step 20.

4.3.4 Model and mode! fit.
The Hosmer and Lemeshow test gives an indication whether the model describes
the population data adequately or not. A poor fit isindicated when p < 0.05. The
model of step 20 passes the Hosmer and Lemeshow test with a good fit. Step 20:
v*(8, N = 110) = 4.638, p = 0.795.

Classification model 20 Observed Observed
EMFT passed EMFT failed
basemodel Predicted EMFT passed 53,7% 46,3% 100%
EMFT failed 0,0% 0,0% 0%
54% 46%
basemodel overall correct prediction = 53.7%
EMFT passed EMFT failed
model 20 Predicted EMFT passed 40,7% 25,9% 66,7%
EMFT failed 13,0% 20,4% 33,3%
54% 46%
model 20 overall correct prediction = 61,1%

Table 3. classification results of base model and classification

results of model step 20

For model 20 the pseudo R? = 0.107 (Nagelkerke). The closer R? approaches 1
the more of the variation of the criterion is explained by the model. In this case
R?is approaching 0 indicating that most of the variation is explained by
something else than the model.

The odd ratio change depicts the influence of each predictor on the criterion. In
the model of step 20 one predictor is included, namely the end score mental load
of the practical flight selection (yem). The probability of correctly predicting the
criterion is proportionally influenced with 0.421 by the yem predictor. Table 4
gives an overview of the model in step 20 with the B coefficient of the predictor
Yem,» Significance value of the predictor yem, and the odd ratio change for the
predictor yem. Furthermore, Figure 6 depicts a graph of the probability of

predictor yem.
34
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|Model 20

Seledion test rounds Predidors [ coefficient  ©dd ratio change™
first psychological instrment interpretation ¥ i
azzezEm ent salective listening test X .p
sexsomotorccordination ¥.qn,
aLtom ated pilot subtotal flight score 3 5
==lection system total flightscore X4

end scome overall Yo,
mental load 1 g
mental load 2 300

second psychological motivation Yaing

assezsement peseverance Ype
selftorfidence ¥ .,
interpesonal sexsitivity g,

self insight ¥.ci
sdaptibility ¥ .
practical flight zeledion subtotal flight scom 1 ¥ 441
mbtotal flight seore 2 ¥ arka
end score flight ¥ .¢

end soove progression ¥ .,
end score mental load ¥, wmn 00z2* 0,421
ranking grace mnlang grade ¥p

Table 4. Coefficient and odd ratio change of model in step 20. All predictors were Z-
transformed. ®= theratio changein the odds of the passing/failing EMFT for a one-unit
enhancement of a predictor while all others stay equal. * p<.10

4.4 Forward logistic regression analysis
Results of the forward logistic regression analysis with o = 0.10 show a model
that contains the predictor cem. This concurs with the model from step 20 from
the backwards analysis method. Significance and classification results are alike
to those in the backwards analysis. The forward analysis method acts as a check
on the backwards analysis and in this case validate the backward analysis
results.

4.5 Added predictive value of groups and individual predictors

4.5.1 Groups of predictors

The several groups of predictors analysed are: group first psychological
assessment, group automated pilot selection system, group second psychological
assessment, and group practical flight selection. These groups were chosen based
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Fig. 6. The probability of predictor cem On the x-axis the scores of cen arefound and on
the y-axis the probability of passing the EMFT. Markers are set to indicate fractions of
passed trainees and the probability of this fraction

on the selection rounds of the RNLAF. Analyses showed that the group of
practical flight selection produces a significant model that increases the
predictive value of the base model. This model shows 52,6% positives; 13,4%
negatives; 6,2% false positives, and 27,8% false negatives with an overall correct
prediction of 66.0%.

This model has a pseudo R? of 0.175 (Nagelkerke) and a Hosmer and
Lemeshow model fit of p = 0.473 (3* = 13.464, df = 5, p = 0.019**).

4.5.2 Individual predictors
Individual predictors (cii to ¢;) were added to the base model and then analysed.
Two predictors showed significant added predictive value on the criterion
(pass/fail EMFT). This means that these two predictors individually, thus without



cooperation of other predictors, have enough predictive value on the criterion to
be significant.

The first predictor is ce,; end progression score of the practical flight selection
(B =-0.390, p = 0.067*). The classification results of the model with cg as
predictor are: 47,1% positives; 13.7% negatives, 8,8% false positives, and 30,4%
false negatives with an overall correct prediction of 60.8%.

The second predictor is cem; end mental score of the practical flight selection (3
=-0.496, p = 0.063*). The classification results of the model with cem as
predictor are: 46,1% positives; 11,8% negatives, 9,8% false positives, and 32.4%
false negatives with an overall correct prediction of 57.8%.

4.5.3 Chance capitalisation
In general classification results can be represented a little brighter than they
actually are. This phenomenon is called chance capitalisation. To test for chance
capitalisation a backward logistic regression analysis on predictor Cen IS
performed according to the method of *leaving one out’. This sample consists of
110 cases; with the leaving one out analysis method a number of 110 analyses
could be performed. In the first analysis the 1% case was excluded and 2™ to
110™ case included, in the second analysis the second case is exclude buit first
case and third to 110™ case included and so on. Results of the calculations are
inserted into the regression model as well as the score of the one case left oui.
When end result of this model and score is 0.5 or higher the one case left out is
placed in the pass group, otherwise the one case left out is placed in the fail
group. Missing value cases were excluded leading to 102 cases. If chance
capitalisation were to play arole; classification results on overall correct
prediction of the leaving one out method will be less than results from the
individual analysis. Classification results can be found in Table 5.

Classification results indicate that chance capitalization did play arole in the
analysis of cem. The percentages of overall correct classification dropped with
11,3% in the leaving on out method from 57,8% to 46,5%. Thisresult is
striking; it seemsthat prediction without predictors produces a better overall
prediction than prediction with a significant predictor.



Classification leaving one out, predictor mental load PFS Observed Observed
EMFT passed EMFT failed
basemodel Predicted EMFT passed 55,9% 44,1% 100%,
pred ment load PFS EMFT failed 0,0% 0,0% 0%
56% 44%
basemodel overall correct prediction = 55,9
EMFT passed EMFT failed |
log regr analysis Predicted EMFT passed 46,1% 32,4% 78,4%
pred ment load PFS EMFT failed 9,8% 11,8% 21,6%
56% 44%)|
log regr analysis overall correct prediction = 57,8%
EMFT passed EMFT failed
leaving one out Predicted EMFT passed 46,1% 32,4% 78,4%
pred ment load PFS EMFT failed 9,8% 11,8% 21,6%
56% 44%
leaving one out overall correct prediction = 46,5%)

Table 5. Classification results of the base model and results of leaving one out method

backward logistic regression analysis on predictor Zen,

4.5.4 Analysis of a model with all predictors
In reality the RNLAF performs all selection tests and then makes a decision
whether a candidate goes on to be a flight trainee or not. To give an idea of what
happens when all selection tests are used results are given for afull logistic
regression model with all predictors included.

This model shows that when all predictors are included there is one predictor
with a significant result; mental load score of the practical flight selection. Its
regression weights and odd ratio change can be found in Table 5.

The model with all predictors included has got agood Hosmer and L emeshow
fit x2(8, N = 110) = 4.964, p = 0.761. The pseudo R? = 0.434 (Nagelkerke).
Pseudo R?is around 0.4, indicating that nearly half of the variation is explained
by the model.

Classification results indicate that 75,9% of all cases are correctly classified
when using the model with all predictors. This model shows 42,6% positives;
33.3% negatives; 13,0% false positives and 11,1% false negatives. Indications
for chance capitalization are not found since overall correct classification
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percentages are alike in regular logistic regression analysis and a leaving one out

method. These results can be found in Table 6.
Model with all predictors

Selectiontest rounds | Predictors B coefiicient  Odd ratio change®

first psychological instrurnent interpretation ¥ ; -0.741 0,477

assessment selective listening test X . 0,269 1,309

sensomotoreoomdivation ¥ m. 0,142 1,152

autornated pilot subtotal flight score ., ¢ -1,14% 0,317

selection gystem total flight score % 4r 1,754 5,770

end soore overall X eq 4,052 77581

mental load 1 ¥ -1.99% 0,136

roental load 2 % .0 -0.186 0,530

second peychaological ronttation ¥ . -0,397 0,672

assessement perssverance ¥ 1113 0,329

sl onfidence ., 0,710 2,035

interpersonal s rsitfvity X 5, 0,208 1,232

slf insight ¥ 0,520 1,681

adaptability %23 0,607 1,334

practical flight selection stbtntal fight score 1 ¥ 4,988 19,855

subtntal flight score 2 oo -1.024 0,350

end score flight ¥ ¢ -0,352 0,703

erd scare progression ¥ .o 1,903 6,703

erd score mental load ¥ .y -1.918* 0,147

ranking grade Zranking grade ¥, -0,133 0,875

Table 5. Coefficient and odd ratio change of model with all predictors. ®=theratio

change in the odds of the passing/failing EMFT for a one-unit enhancement of a

predictor while all others stay equal. * p<.10
Classification leaving one out, full model Observed Observed
EMFT passed EMFT failed
basemodel Predicted EMFT passed 53,7% 46,3% 100%
full model EMFT failed 0,0% 0,0%) 0%
53,7% 46,3%
basemodel overall correct prediction = 53,7
EMFT passed EMFT failed
log regr analysis Predicted EMFT passed 42,6% 13,0%) 55,6%
full model EMFT failed 11,1% 33,3% 44,4%
54% 46%)
log regr analysis overall correct prediction = 75,9%
EMFT passed EMFT failed
leaving one out Predicted EMFT passed 42,6% 13,0% 55,6%
full model EMFT failed 11,1% 33,3% 44,4%
54% 46%)
leaving one out overall correct prediction = 75,9%

Table 6. Classification results for a model with all predictors, normal logistic regression

analysis and results of the leaving one out method
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5. Discussion and conclusions

his study was conducted following a research question and hypotheses. It

was hypothesized which selection tests have the greatest predictive value

on passing/failing the Elementary Military Flight training (EMFT). In addition,
hypotheses covered a change in false positives and false negatives and covered
added predictive value of predictors.

5.1 Research question
The research question posed by the RNLAF was. What is the predictive validity
of the pilot selection tests of the Royal Netherlands Air Force concerning the
chances of succeeding the elementary military flight training for the years 2005
to 2008?

In total the predictive value of all selection testsis small. A model that includes
all predictors contains one statistically significant predictor. The backward
analysis showed that the predictor of mental load in the practical flight selection
test had statistically significant predictive value in a composite of all selection
test scores. In the individual predictor analyses the predictors of mental load and
progression (PFS) showed statistically significant predictive value.

5.2 Hypothesis 1. Using the predictors from the selection tests of the RNLAF
causes a change in wrong classification when compared to classification without
predictors.

5.2.1 Thefirst psychological assessment
In all backward logistic regression analyses all but one group (the predictors of
the first psychological assessment) of predictors or individual predictors changed
the classification results of the model compared to the base model. These results
indicate that, when excluding the first psychological assessment, hypothesis 1
can be accepted.

Since the first psychological assessment is the first test round in the selection
procedure of the RNLAF an explanation for the results could be that these tests
are not predictive of resultsin the EMFT but are predictive of following selection

rounds.
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5.3 Hypothesis 2: The capacities measured in the first psychological
assessment are the predictors with the greatest influence on the probability of correctly
classifying the pass/fail EMFT criterion. and 3: The scores measured in the automated
pilot selection system, and the scores measured in the practical flight selection are the
predictors with the greatest influence on the probability of correctly classifying the
pass/fail EMFT criterion.

5.3.1 Sample size and sample coincidence
Significant support was not found for hypothesis 2 (first psychological
assessment) Hypothesis 2 is rejected.

Furthermore significant support was found for the tests of the PFS but not
found for tests from the APSS. Hypothesis 3 is accepted for the PFS tests but
rejected for the APSS tests. On the contrary to results for hypothesis 3 a previous
RNLAF validity study (RNLAF [3]) and other research (Hunter & Burke, 1995)
showed significant results for both APSS and PFS.

A power analysis would be useful. However, constructing a power analysis for
alogistic regression model of multiple (twenty) predictorsistoo complicated and
was not performed.

5.3.2 Up or out systemin selection procedure
The selection procedure of the RNLAF works via a principle in which scores of a
particular selection round decides whether a candidate proceeds into the next
round. It might be wiser to look at the predictive validity of selection roundsto
its following selection round since that is what selection rounds are decisive on.
Significant results in the present study have been found in the selection round of
practical flight selection which is closest to the criterion passing/failing the
elementary military flight training.

5.3.3 Redtriction of range
Restriction of range can have a negative influence on the results. One way of
solving this would be to create a control-group of participants in the EMFT that
have not passed selection tests of the RNLAF. However, this is not possible.



5.3.4 Comparison with previous RNLAF research
In 2005 the RNLAF conducted a validation study on their selection tests
(RNLAF [3]). The results of this study indicated good predictive value for both
scores of the automated pilot selection system (APSS) and the practical flight
selection (PFS). These results were partly replicated in the present validation
study for the PFS scores. In the present study all selection test variables are
included in the analysis, whereas in the validation study of 2006 only the results
from the APSS and PFS were included. The number of cases was comparable.

Reasons for failing the elementary military flight training were not included in
the present study. There was no distinction between trainees that failed dueto
lack of flight performance and trainees that failed because of other reasons, for
example: loss of motivation. Reasons for failing could add information.

5.4 Hypothesis 4: Individual predictors or sets of predictors add predictive

value to the base regression model.

5.4.1 Sgnificant predictors
Significant predictors can be found in the practical flight selection. The
significant predictors are: Cen and Cep, l€aving 18 other predictors non-
significant. Hypothesis 4 can be accepted. Sample coincidence and criterion

placement can have its influences.
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6. Recommendations

wo sorts of recommendations are distilled. Recommendations for

T

recommendations will be discussed.

future research will be discussed first. Secondly, practical

6.1Future research recommendations

6.1.1 Sample size
To gain more knowledge on the predictive value of the selection tests of the
RNLAF it isrecommended to increase the sample size. One way to extend the
sample size is to add cases to the existing sample size with each completion of
the elementary military flight training. Annually this would lead to an
approximate increase of 30 cases.

The second way to extend the sample size is to add selection score datafrom
selection tests used in other countries and perform a meta-analysis on measured
constructs.

6.1.2 Research methods
First, the criterion used in present validation study was passing/failing of the
Elementary Military Flight Training (EMFT). It is recommended to conduct a
pilot study in which criterion setting on a following test round istested. Thisisa
method that fits the reality in the selection procedure of the RNLAF perfectly.

Second, in the past the scores from the automated pilot selection system and
the scores of the practical flight selection were used for analysis, and scores of
the first and second psychological assessment were a priori excluded, whereas in
the present study scores from all selection tests were used. It is recommended
that scores of all selection tests are analysed.

Third, previous research included reasons why trainees failed the EMFT. A
recommendation is to include the reasons for failing the EMFT in future
research.

Fourth, in all validation studies of the RNLAF the tests were used in the
analyses instead of the constructs those tests measure. It is a given that sample
sizes are always small and that norms and testcontent will always change making
it difficult to perform longitudinal research or a cross validation. It is
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recommended to perform a pilot study in which constructs are analysed instead
of the selection tests.

6.1.3 Additional research
First, it isrecommended to keep the same data set and perform a different
statistical analysis on all selection teststo compare those resultsto present
results. Second, it is recommended to plan arepeated logistic regression analysis
after each sample extension to detect possible changes in the results.

Possibly several predictors correlate highly; partial correlation. To find out
whether thisis an issue it is recommended to perform a path analysis.

In general, it seemsthat a general cognitive factor ‘g’ has a good predictive
validity, especially when this general cognitive factor is tested together with
other constructs (Tsang & Vidulich, 2008, Hunter & Burke, 1995). It is
recommended that the RNLAF performs a pilot sudy adding measurement of ‘g’
to their selection procedure, or at least consider adding measurement of ‘g’.

6.2 Practical recommendations for the RNLAF

6.2.1 Archiving data
Data was gathered from diverse places and databases. A recommendation to the
RNLAF isto construct a central database (digital and/or paper dossiers) where
data from all the selection tests, officers training, and elementary military flight
training are archived. Paper dossiers are recommended to be archived at a central
place with a secured take-out system.

Further, it is recommended to keep an archive of digital data for all selection
scores and all performance scores of the elementary military flight training. An
advantage of digital datais the ease with which back ups can be made.

This leads to athird recommendation. Back ups of selection scores and
performance scores of the elementary military flight training are necessary. It is
recommended that periodically a back up of datais planned and performed.

6.2.2 Gathering extra data
During the data gathering of the present study it showed that the elementary
military flight school did not archive input and output results of their trainees. It



is recommended that the elementary military flight school keeps their own
records of input, output and attrition rate.

To improve quality of future validation studies it is recommended to not only
keep arecord of passing/failing but also to keep arecord of flight scores and
other performance scores at the elementary military flight school.

6.2.3 Keeping track of selection test changes

An overview of changes that occur in the selection tests of the RNLAF is not
readily available. A recommendation is to include information on methodology,
test changes, and measured constructs, in the RNLAF psychological selection
quality handbooks.
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Appendix A. Regression analyses

A.1 Regression

egression is used to examine strength and nature of the relations between

R

on another dependent variable, or relative predictive power of a set of

different variables. It shows predictive power of an independent variable

independent variables on one dependent variable. Regression offers the feature of
examining predictive relations of a variable on another variable while controlling
for acovariate. Its purpose is to make predictions about an outcome variable
based on data of a set of independent variables. Example; when variables on
sizes of owned houses and heights of income are known, a prediction on the size
of the house might be made when looking at the height of income. Regression
analysis produces a formula for calculating the predicted value of one variable
when we know the actual value of the second variable. To understand
explanations of linear and logistic regression basic knowledge of linear
equations, probability calculations, and logarithmsis required. When basic
knowledge needs to be accessed readers are directed to “ Statistics for dummies’®
for simple and easy accessible explanations on linear equations and probability
calculations. Basic information on the workings of logarithms can be found in
“Calculus’®.

A.2 Linear Regression
An assumption made in the world of statistics isthat relations between variables
are linear. One variable has got the same amount of influence on the other
variable. Since statistics are always bare versions of reality, regression is
depicted by a model. An example model of single linear regression is visualized
in Fig. ALl. Inthe model it can be seen that multiple variables (x) are possible. An

example: sizes of houses can be related to height of income. However, it can also

* D. Rumsey. (2003). Statistics for dummies. Whiley.

> J. Stewart. (2007). Calculus. Cengage Learning.



Linear regression model:
y = bo + bi*X1+ bo*Xo+ ...+ bp*Xp
bo = intercept
X(12...p = predictor
b(12...p = regression coefficients for predictors

Fig. 1A. A singlelineair regression model
be related to the amount of building ground available, and possibly even be
related to the culturally defined status of house-size.

When multiple variables are predictors of an outcome variable thisis called
multiple regression. Multiple regression can show four results: How much
predictor variables as a group are related to the outcome variable, the strength of
arelationship between each predictor variable and the outcome variable when
controlling for the other predictor variables, the relative strength of each
predictor variable and lastly, it shows any relations between the predictor
variables. In linear regression, or multiple linear regression the outcome variable

is measured in quantities (Urdan, T.C., 2005).
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Fig. A1. An example of linear regression, y = income and the predictor variablex =
education in years. The dots are scores (1-10). This plot visualizes the relation between
the amount of education and the amount of income: when education goes up, income
does so to. (CD-ROM, Urdan, T.C., 2005).
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A.3 Logistic Regression
Logistic regression is used to make predictions on to which group each case in
the study will belong. Based on scores of that case will it belong to one group of
acriterion, or belong to the other side (Giles, D.C. 2004)? Example: a house can
be either owned or not owned. Predictions are made based on odds or a
probability of a case belonging to the own a house-group or do not own a house-
group. Probability can vary from a minimum of 0 (no chance at all the house will
be owned) to a maximum of 1 (the house is owned for sure). A logistic
regression model stands for: the probability of a case belonging to agroup (P) is
the number of times that case belonging to that group is present divided by the
total number of times it could be present. This can be depicted in a model

visualized in Figure A2:

Logistic regression model:

+bX
ea

P =

1 + ea—l—bX

P = probability of positive result in dichotomous variable
e = base of natural logarithm

a = intercept (compare to by in lineair regression)

X = predictor

b = regression coefficient for predictor

Fig. A2. A logistic regression model

Logistic regression assumes that the relationship between criterion and predictors
is best depicted by an S-shaped line, as can be seen in Figure A2, instead of a
linear lineasin Al
The relationship in the S-curve is expressed in the log of odds. To rebuild the
logs into odds the natural logarithm of e is raised by the power of the log
(Cramer, D., 2003).

In short, whereas linear regression uses the regression coefficients and the
constant to calculate the predicted value of a case, logistic regression uses

regression coefficient and the constant to calculate the odds, expressed in a



Regression of Sex on Height

11 - o O @

1.0 30 50 70 9&}__# o Male
0.9
0.8 Regression Lineﬂ_/
0.7 g
0.6
05 4 P=50 -
o 0.4
0.3
0.2
0.1
0.0 O o a %Female
049 - 70 50,30 I5

40 50 60 70 80 90
Height in Inches

Fig. A2: an example of a graph of logistic regression. Dichotomous criteriOngenger; either

female or male. Height ininchesis X. Theamount of Pisdetermined by b, a and e.

logarithm. The logarithm odds are then converted into odds and then odds
calculate the predicted probability of a case.

Example: with linear regression it can be predicted what the size of a house is
based on the regression coefficient of the income, with logistic regression it can
be predicted what the chances are that the house is owned or not based on the

regression coefficient of the income.
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