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Abstract

Situational judgment tests (SJTs) are scenario-based assessments that evaluate an
individual's capacity to make key judgments relating to specific contexts. While SJTs are
traditionally used for personal selection (e.g., managers, customer service personnel, and police
officers), SJTs also demonstrate potential for use in training evaluation. One area of interest in
aviation is aeronautical decision-making (ADM) during inflight encounters with aviation
illusions. However, a gap in research exists regarding how to measure pilots’ capacity to make
judgments about illusions during flight.

This dissertation aimed to develop and validate an SJT that evaluates aeronautical
decision-making (ADM) during inflight encounters with aviation illusions. The SJT developed
from this dissertation, referred to as the Aviation-Illusion Situational Judgment Test (AI-SJT),
tasked respondents with evaluating eight flight scenarios. The construction of each scenario
centers around a specific illusion: Leans, Coriolis Illusion, Inversion Illusion, Elevator Illusion,
False Horizon, Autokinesis, Runway Illusion, or the Black Hole Illusion.

The AI-SJT was evaluated through factor analysis and structural equation modeling.
Through these evaluations the AI-SJT was shown to be a reliable measure with indication of
construct validity. Ultimately the AI-SJT resulted in an eight-item measure that assesses a pilot’s

ability to identify ineffective responses to potential illusion encounters.
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Chapter 1: Introduction

Situational judgment tests (SJTs) are scenario-based assessments often used during
personnel selection (e.g., Jones, 2019 and Lievens & Sackett, 20006) to evaluate latent traits
exhibited by applicants (e.g., leadership: Christian et al., 2010; teamwork knowledge: Littlepage
et al., 2022). These assessments most commonly occur in high-risk domains such as law
enforcement (Jones, 2019) and healthcare (Lievens & Sackett, 2006). SJTs function as a low-
fidelity simulation (Motowidlo et al., 1990) that allows evaluators to assess respondents using
realistic scenarios in a safe and cost-effective manner (Hunter, 2003; Ostroff, 1991, as cited in
Hauenstein et al., [2010]). These benefits, along with their moderately strong predictive value,
lower adverse impact across subgroups, and positive user reactions to the assessments, make
SJTs well-suited for research and training (Hauenstein et al., 2010; Ployhart & Mackenzie,

2011).

Within the aviation domain, the use of SJTs remains relatively rare. One exception is
Hunter’s Pilot Judgment Test (2003). Hunter designed the Pilot Judgment Test (PJT) to evaluate
general aviation (GA) pilots’ aeronautical decision-making (ADM) (2003). However, the
developmental methodology and broad scope of ADM limited the effectiveness of the PJT. The
current study seeks to apply best practices of SJT development and validation to develop and
validate an SJT that evaluates ADM during encounters with aviation illusions inflight. Aviation
illusions are phenomena that result in pilots experiencing false perceptions during flight
(Sanchez-Tena et al., 2018). The false perception experienced by pilots can include optical,
visual, vestibular, and somatosensory illusions. Currently, no validated measure specifically
evaluates pilots' judgment during encounters with illusions. The proposed SJT developed from
this dissertation will allow for future evaluation of pilots and aviation illusion training.
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Chapter 2: Literature Review

This chapter reviews the literature on Situational Judgment Tests (SJT) and aviation
illusions. Each section begins by defining relevant concepts. Subsequently, previous research on
each topic, as well as their many variations, are reviewed. The SJT literature review focuses on
the methods of scenario and question development, test design, implementation, and evaluations.
The review of aviation illusions delves into classifying the illusions, causes, and risks associated

with each illusion. Current training and federal guidance on aviation illusions are also discussed.
Situational Judgment Test (SJT)

SJTs are scenario-based assessments that give respondents a detailed description of a
situation and ask them to evaluate response options (Motowidlo et al., 1990). The respondent’s
task is to evaluate and either select a response or rate each provided response based on the
relative effectiveness of the response option. The structure of an SJT consists of three essential
components: prompt, stem, and response option(s) (Motowidlo et al., 1990).

Prompt

The prompt is the first component presented to the participant. The prompt sets the stage
for the scenario and provides the respondent with all the necessary information. Prompts may
correspond to one more stem.

Stem

The second SJT component is the stem. The stem contains the question participants must
answer. Stems can vary depending on how they frame the question to the respondent. A stem
may ask the individual what they would or should do, instruct them to select the most or least

effective options, ask them to rank the options from best to worst, or present them with one

13



option to evaluate (Motowidlo et al., 1990). As mentioned earlier, one or more stems can
correspond to a prompt. In SJTs, where each prompt only contains one corresponding stem, the
SJT may not separate prompts and stems.

Response Option(s)

The final component of an SJT is the response option(s). Response option(s) consist of a
provided response that the participant may take when faced with the scenario provided by the
stem and prompt. SJT responses fall within two main categories depending on the type of stem:
Single-Response or Multiple-Response.

Single-Response Situational Judgment Test (SRSJT). SRSITs provide participants
with only one response to the scenario. Instead of listing the response as a response option, the
response is part of the stem, as seen in Panel B in Figure 1. Participants are then asked to
evaluate the effectiveness of that response. The scale used to evaluate the scenario will determine
the response options.

Multiple-Response Situational Judgment Test (MRSJT). Unlike SRSJT, MRSJT
provides respondents with three or more possible responses to each scenario. The stem for each
scenario does not include a response but, instead, only poses a question. Response options will
include an ideal response and distracter options but may also include two ideal responses. One
that describes the best response and one that describes the worst response to the scenario. Panel
A of Figure 1 shows an example of an MRSJT question. MRSJT questions can task respondents

with rating, ranking, or selecting the best/worst options from a provided list of responses.
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Figure 1

Example of a Traditional Multiple-Response Situational Judgment Test (MRSJT) Item vs a

Single-Response Situational Judgment (SRSJT) Item

Panel A. Traditional Multiple-Response
Situational Judgment Test (MRSJT) Item.

You are meeting with two elders from the host
nation. One of them is retiring and the other
one is his replacement. The three of you are
discussing improvements to schools, roads, and
health care, and the new elder immediately
rejects what you are saying. He says that the
United States is full of empty promises and
that nothing will ever be completed. For each
response option for each item, please rank
order each of the five behavioral responses to
the situation according to their effectiveness,
where 1 = most effective and 5 = least
effective.

A. Ask for the retiring elder’s
opinion on the matter. If the retiring
elder agrees with his replacement, ask
how things can be improved and what
kind of guarantees would make them
feel more confident and comfortable.

B. Disagree with the new elder

and tell him that the United States will
prove themselves to him.

€. Tell the new elder to do just
his job and to not worry about the end
result.

D. Ask the new elder how he

would handle the improvements.

E. Assure the new elder that the
United States military does not work
individually on projects and that you
will try to employ his government.

Panel B. Single-Response Situational Judgment
Test (SRSJT) Item (Ineffective).

A soldier is meeting with two elders from the
host nation. One of them is retiring and the
other one is his replacement. The three are
discussing improvements to schools, roads, and
health care, and the new elder immediately
rejects what the soldier is saying. He says that
the United States is full of empty promises and
that nothing will ever be completed. The
soldier told the elder to just do his job and to
not worry about the end result. How effective
is the soldier’s behavior in this scenario?

1 = Very Ineffective

2 = Somewhat Ineffective
3 = Slightly Ineffective

4 = Slightly Effective

5 = Somewhat Effective

6 = Very Effective

Note. From “Effects of Situational Judgment Test Format on Reliability and Validity,”
M. P. Martin-Raugh, C. Anguiano-Carrsaco, T. Jackson, M. W. Brenneman, L. Carney, P.
Barnwell, and J. Kochert, 2018, International Journal of Testing, 18(2), p. 135-154. (https://doi-
org.ezproxy.libproxy.db.erau.edu/10.1080/15305058.2018.1428981). Copyright 2023 Informa
UK Limited.
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Judgment

The core concept of an SJT is to measure an individual’s judgment during critical
situations. The first step to measuring someone’s judgment is defining “judgment” operationally.
The current paper will use Mosier and Fischer’s (2010) description of judgment as a component
of the decision-making process, see Figure 2. Mosier and Fischer break down the decision-
making process into two primary components: Front End (judgment) and Back End (decision)
(Figure 2).

Front End Phase of Decision-Making. The Front End or judgment component centers
around the individual’s situational assessment. Mosier and Fischer (2010) argue that under
normal conditions, the judgment process requires individuals first to identify a problem, then
diagnose the problem, seek out information, and assess the situation. Within the context of an
SJT, these functions occur concurrently. SJT respondents are instructed to evaluate scenarios
based on the information provided to them. Respondents search for information provided in the
prompt and response options to diagnose the problem the scenario is describing. Collecting and
evaluating information forms a basis for modeling the situation. The process then transitions to
the Back End phase.

Back End Phase of Decision-Making. The Back End phase's function is for the
respondent to identify and select the best option/course of action. During this process,
respondents retrieve potential responses from memory (i.e., their past experiences) and adapt
them to the current circumstance. The individuals then weigh each given option and attempt to
simulate or think through mentally each course of action. They either select the best option

available or rate the effectiveness of the response option provided. After implementing their
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chosen action, individuals will continually evaluate the situation and incorporate the feedback to

develop alternatives.

Some components outlined in the Back End portions of Mosier and Fischer’s (2010)
description are provided to the participant as part of an SJT. Creating or adopting potential
options is part of the decision process when completing an SJT because response options are
provided as part of the assessment. Individuals instead move directly to the mental simulation
and evaluation of each of the provided response options.

Figure 2

Breaking down the components of Decision-Making

FRONT END :> BACK END
Judgment Decision
Problem Identification & Diagnosis Response Retrieval
Information Search Adaptation/Creation of Response
Risk & Time Assessment Mental Simulation
Situation Awareness & Assessment Plan Development
Pattern Recognition Evaluation of Alternatives
Situation Model /

Note. Ovals denote cognitive processes. Rectangles are representative of process
outcomes. From “Judgment and Decision Making by Individuals and Teams: Issues,
Models, and Application,” K. L. Mosier and U. M. Fischer, 2010, Reviews of Human

Factors and Ergonomics, 6(1), p. 198-256.
(https://doi.org/10.1518/155723410X12849346788822). Copyright 2023 by the Human

Factors and Ergonomics Society.
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Factors that Affect Judgment

Looking at Figure 2, other variables can affect an individual's judgment that should be
accounted for when evaluating a Situational Judgment Test (SJT). Two variables are risk
perception and familiarity (Mosier & Fischer, 2010).

Risk Perception. Risk perception describes risk assessment by considering both the
pilot's understanding of the potential dangers of the situation and their ability as a pilot (Hunter,
2002). For example, if you consider a scenario where a pilot’s flight inadvertently enters
instrument meteorological conditions (IMC), a pilot who is instrument-rated and current may
perceive the risk of the given scenario to be lower than a pilot who is not instrument-rated. This
understanding of both the pilot’s ability and the potential danger of the situation plays an
important role in judgment.

Familiarity. Familiarity describes the participant's knowledge or awareness of the topic,
in this aviation illusions. Dismukes et al. (2007) argue that operators are more prone to error in

unfamiliar scenarios and environments regardless of their level of expertise.

History of Situational Judgment Tests

The first widely used SJT dates back to the 1920s (Moss, 1926). Moss developed the
George Washington Social Intelligence test to measure a participant's ability to "deal with
people" (Hunt, 1928). One of the sections of the George Washington Social Intelligence test, the
"Judgment in Social Situations," closely matches current SJTs. The Judgment in Social
Situations section presented participants with situations that reflected problems in social
relationships and asked participants to select the most applicable option from a multiple-choice

list of responses. While almost a century has elapsed since Moss's early SJT, research has
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increased over the last few decades (Ron, 2019). Publications evaluating SJTs' ability to evaluate
"tacit knowledge" (Stenberg et al., 1993; Wagner & Sternberg, 1985) and its use as a "low

fidelity simulation" (Motowidlo et al., 1990) kicked off renewed interest in the method.

Types of Situational Judgment Tests

Uses of Situational Judgement Tests. SJTs are common in evaluating applicants for
various purposes, from selecting candidates for law enforcement careers to selecting students
applying to medical school (Jones, 2019; Lievens & Sackett, 2006)—most significant research
into SJTs centers around their use in personnel selection. When selecting personnel, SJTs can
provide a measure to evaluate a candidate's leadership and interpersonal skills (Christian et al.,
2010). A meta-analysis by Christian and colleagues determined that 38 percent of SJTs in the
literature measured leadership skills, 13 percent interpersonal skills, and 10 percent measured
personality tendencies. Some lesser common categories include teamwork at 4 percent and job
knowledge and skills at 2 percent. Job skills and knowledge comprise constructs that assess
declarative or procedural knowledge, such as emergency procedures. Finally, 33 percent of SJTs

Christian et al. (2010) evaluated did not report the construct under evaluation.

Situational Judgment Tests for Training Evaluation. While less common, another area
of research where SJT demonstrates promise is training evaluation (Hunter, 2003; Hauenstein et
al., 2010). Training evaluation studies use SJT as a dependent variable to evaluate individuals
pre- and post-training. For example, Hunter (2003) developed an SJT designed to measure
changes in the judgment or aeronautical decision-making of general aviation (GA) pilots. A
researcher could administer Hunter’s SJT pre- and post-training implementation to measure

changes in participant scores caused by a training program. While studies often highlight the
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potential use of SJT for training evaluation, only a few studies centered around developing SJTs

for training evaluation (Hauenstein et al., 2010).

One paper that discusses SJT for training evaluation is Hauenstein et al. (2010).
Hauenstein and colleagues set out to develop an SJT to measure the effectiveness of equal
opportunity/diversity training for Equal Opportunity Advisors (EOAs) within the military. For
example, one prompt asked EOAs how they would respond to a situation where a female service
member came forward after receiving an inappropriate gift from a male unit member. Participant
responses to this prompt were compared pre- and post-training to determine participant

performance differences.

Hauenstein and colleagues also described considerations when using SJT for training and
personnel selection. Some key differences relate to the item creation, key development, and the

potential presence of practice effects (see Table 1).

Table 1

Considerations for SJT Training Evaluation

Item Development Training Curriculum Critical Incidents (accidents and
Considerations complaints)
Key Development Measures of Performance may

be unavailable

Practice Effect Presented a Pre and Post.

As shown in Table 1, when developing items for an SJT in both a personnel and training

context, items should reflect critical aspects of the job or task. For example, prior research
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reveals that items often center around critical incidents such as accidents (Hunter, 2003) or
formal complaints (Hauenstein et al., 2010). Additionally, when developing an SJT for training
evaluation, the curriculum should factor into item development. For example, Hauenstein et al.
(2010) suggest linking SJT items to the intended learning outcomes of the training under
evaluation. In Hohenstein’s case, because the Equal Opportunity Advisor- Situational Judgement
Test (EQA-SJT) was developed to evaluate the training of military advisors on a complaint
process, items were linked to each step of the process the advisors were trained on. Another
consideration of developing SJTs for measuring training effectiveness is that performance
measures may be unavailable depending on the training context. For example, as we will discuss
later, there are no established criteria for knowledge and skills pilots must possess to respond to
aviation illusions in inflight appropriately. The unavailability of existing performance measures
can make it more challenging to develop an empirical key. Finally, participants typically
complete an SJT pre- and post-training to evaluate the training implementation. This may result
in a practice effect. A practice effect is improving user scores due to repeated exposure to the
material (Pereira et al., 2015). This can increase Type 1 errors because participants may score
significantly better on the posttest without improving their knowledge. A way to avoid a practice

effect is not to use different pre- and post-test scenarios.

Presentation Format. Written and video-based tests are the two most common
modalities for presenting SJTs (Lievens & Sackett, 2006). Written SJTs present participants with
text describing the scenarios in question. Written SJTs can include descriptions of nonverbal
cues (e.g., nonverbal facial expressions, elements present in the scenario, etc.) or can provide
information solely on verbal dialogue. Video-based SJTs show participants the scenarios via

recordings of recreations or fictional scenarios. Advantages of video based SJTs include
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significantly increased predictive validity, lower correlations with cognitive ability, and
incremental validity over existing measures (Lievens & Sackett, 2006). Another advantage of
video based SJTs is the inclusion of nonverbal cues. When using a text based SJT, non-verbal
information is omitted or must be explicitly stated. This removes an element of realism, as, in
reality, the participant would need to notice and decipher behavioral non-verbal cues when
encountering that scenario. The disadvantages of video based SJT stem from their development.
Video-based SJTs are more expensive to develop and require more time to rehearse, film, and

edit.

Multiple Response SJT versus Single Response SJT. As mentioned previously, the two
major categories of SJT response options are Multiple Response (MRSJT) and Single Response
(SRSJT). MRSJTs present the participant with multiple response options to the stem. The
participant is then asked to select the most/least effective response or to rank the responses.
Conversely, SRSJT presents participants with a single response to each stem and tasks the

participant with rating the effectiveness of the stated option on a Likert-type scale.

One of the benefits of SRSJT is that participants only evaluate the effectiveness of one
response option, thus limiting the strain on the participant's working memory. When answering a
traditional MRSJT item, participants must weigh information from the prompt, stem, and each
response option in their working memory to compare options and select the best solution within
the provided parameters. This can tax the participant’s working memory and increase the errors
and time required to complete the test. SRSJT also demonstrates lower group differences than
MRSIJT (rank choice and selection of most /least effective response). Another benefit of the
SRSJT is that the test development is generally quicker than that of an MRSJT because only one

response is generated (e.g., Chan and Schmitt, 2002).
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Some MRSIJTs incorporate the rating scale system used in SRSJT to create a ‘hybrid’
model to ascertain a more thorough evaluation of each scenario. These hybrid models present
respondents with multiple response options and ask participants to rate the effectiveness of each
response on a Likert scale. Respondents will then select the best/worst response or rank the
responses. This subset of MRSJT models allows each item to serve as an SRSJT and still
requires a comparison of response options. The benefits of this method include improved
assessment of the scenario and reduced load on memory because each item is first evaluated
independently. However, one limitation of the hybrid method is the longer development time as

compared to SRSJTs.

Benefits of Situational Judgment Tests

A growing body of research demonstrates the benefits of the SJT method. The benefits
include a moderately strong predictive value, lower adverse impact across subgroups, and the

method's positive user reactions (Ployhart and Mackenzie (2011).

Predictive Value. SJT has demonstrated validity in predicting performance across
multiple domains, such as general aviation (Hunter, 2003), museum employees (Crook et al.,
2011), and medical physician trainees (Cousans et al., 2017). First, Hunter (2003) developed an
SJT titled the Pilot Judgement Test (PJT). The purpose of the PJT was to assess the overall
judgment of general aviation pilots. The PJT consists of 51 items that prompted participants to
answer questions related to five different areas: weather phenomena, mechanical malfunctions,
biological crises, social influences, and organizational. Construct validity for the PJT was
established by comparing general aviation pilots' scores on the PJT with their scores on the
Hazardous Events Scale (HES) (Hunter, 1995). The HES is a self-report measure that looks at

the number of times a pilot experiences accidents or hazardous-in-flight events during a defined
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period (in this case, the preceding two years). The study results found a significant, small
correlation between the PJT and HES (r = -0.22), which may indicate that pilots who performed
better on the PJT were less likely to have recently been in an aviation accident or experienced

hazardous-in-flight events in the last two years.

While the correlation results were statistically significant, the correlation was low, and
several limitations to Hunter’s research should be noted. The first limiting factor is that HES is a
self-report measure. Inaccuracies could arise if participants fail to remember events correctly or
are biased in their self-reports. For example, a pilot may be unwilling to report their total number
of inadvertently induced stalls as a high number would reflect poorly on their ability as a pilot.
Thus, inaccurate self-reported data on their total number of hazardous accidents and incidents
could have impacted Hunter’s findings. Another limitation of this study is that the
unidimensionality of the measure was not established. The Hunter results did not include
statistical analysis to evaluate whether the items in the PJT load onto one factor (i.e., factor
analysis). Since the PJT comprises items from five separate question areas, it begs whether the
five areas overlap statistically. Finally, the HES may not be a comparable measure to assess the
PJT. Four of the ten items on the HES could result from a mechanical failure on the aircratft.
Some mechanical failures may result from poor judgment (e.g., failing to address concerns
identified during a preflight check or not performing required maintenance on the aircraft).
However, not all mechanical failures can be prevented by the pilot's preflight. In turn, the HES
scores of some participants may have resulted in higher scores due to the aircraft quality they had

operated rather than their skills as a pilot.

In a non-aviation study, Crook et al. (2011) compared job knowledge and job

performance of 44 employees of a children’s museum. Job knowledge was assessed using a 40-
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item SRSJT. Each item asked participants to rate the effectiveness of each behavior on a Likert-
type scale (1 to 7). The 40 items were comprised of 20 effective and 20 ineffective responses.

The average intraclass correlation coefficient among the items indicates moderate reliability

(0.73).

Regarding the job performance ratings, job performance was evaluated by two tour guide
supervisors who rated tour guides on their execution of five elements of their job. This study
found a significant, positive correlation (r = .33) between job knowledge and performance. A
few limitations of this study exist. One limitation of the study was that the supervisor raters
varied by participant. The researchers selected the two supervisors most familiar with each
participant to get the most “accurate” reflection of the participant's work. However, selecting the
two supervisors most familiar with each participant may have opened the study to the personal

biases of the raters.

Additionally, while the construction and evaluation of this SJT successfully followed the
guidance of the previous literature, one area that should have been assessed is the potential
differences between very effective items and very ineffective responses. The coding system used
reversed coding (i.e., some items are stated in the negative/opposite direction and require a
mathematical correction during scoring; Barnette, 2000). While reverse coding can help identify
response fatigue in participants, there is a risk that the least and most effective questions may
load onto two separate factors (Herche & Engelland, 1996). If the test loads onto two separate
factors, it decreases the statistical power of the test and biases the results, increasing the chances

of incorrectly reducing/increasing the predictive value of the SJT.

Additionally, Cousans et al. (2017) sought to evaluate the effectiveness of SJT in

predicting how well medical physician trainees performed during their first postgraduate clinical
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practice. Researchers sampled 391 postgraduate trainees from five training institutions in the
United Kingdom. All participants received their first postgraduate medical placement from the
UK Foundation program (UKFP). As part of the selection process for UKFP, applicants were
required to take an SJT to be included in Cousans' study. Only participants who scored in either
the 80th percentile (high) or 20th percentile (low) of that year's cohort (of approximately 8162
trainees) were included in the study. The 80th and 20th percentiles were selected to ensure a

wide disparity among group scores.

A later analysis compared their SJT scores when graduating to subsequent supervisor
ratings and incidence of remedial action. The collection of supervisor ratings began six months
after the completion of the SJT and spanned a year. Supervisors rated trainees' performance
using a 32-item questionnaire of professional attributes (e.g., coping with pressure, problem-
solving, etc.). Supervisors rated each attribute on a Likert-type scale of 1 to 6. Trainee SJT scores
correlated significantly with supervisor ratings (r = .28). The relationship between SJT score and
supervisor ratings was stronger for the low-scoring group (r = .33) compared to the high-scoring
group (r =.11). Trainees who had SJT scores in the 20th percentile were also nearly five times
more likely to have required remedial action (i.e., additional training and aid provided to
underperforming individuals). One strength of this study was the decision to target the high (80th
percentile and above) and low (20th percentile and below) for differences. While limiting the
participant pool to approximately 40 percent of the overall population makes the findings less
generalizable to the population, it did allow researchers to better evaluate differences between

high and lower performers in a negatively skewed dataset.

From a training evaluation perspective, SJT scenarios provide participants with a low-

physical fidelity simulation/scenario with moderate to high cognitive fidelity (as the respondent
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thinks through how they would respond). For fields such as aviation or healthcare, these SJTs
can provide cost-effective practice and feedback that exhibit validity comparable to higher

physical fidelity simulation (Hunter, 2003; Ostroff, 1991, as cited in Hauenstein et al., 2010).

Developing Situational Judgment Tests

The development of any SJT is an extensive multi-stage process that differs somewhat
depending on the specific focus and scope of interest of the particular SJT. The first step in this
process is to use a critical incident technique to identify areas of interest. This can be done by
evaluating documented incidents such as accident reports (Hunter, 2003) or complaint archives
(Hauenstein et al., 2010). In settings where documented reports may be scarce or unavailable,
researchers may derive scenarios by consulting subject matter experts (SMEs) on common
incidents or incidents they have previously encountered (Graupe et al., 2020). For example,
Graupe et al. conducted semi-structured interviews with a panel of physicians. Graupe instructed
physicians to recall scenarios they experienced while handling patients and accompanying
relatives. Once critical incidents are collected, researchers or SMEs will group incidents into

common categories.

Researchers should also consider the training curriculum when developing an SJT to
evaluate training (Hauenstein et al., 2010). Researchers should work with SMEs to fill in gaps
between the training curriculum and previously collected incidents. Once a wholistic set of
incidents is collected, researchers and SMEs should evaluate the incidents for fit with the
training program and redundancy. Researchers will then frame the final list of incidents as

scenario prompts. Question stems must be generated for each prompt.
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The next step of the SJT process requires SMEs to evaluate the prompts and question
stems and describe how they would recommend an individual response to the situation
(Motowidlo et al., 1990). Each SME should answer each question with their response. Then, a
separate group of SMEs should rate or rank the previous group of SMEs' responses (Boateng et
al., 2018). If developing an MRSJT, researchers must determine the top choice or ideal response.
Researchers will choose distractors from the list of other responses or generate distractors when
necessary. If developing an SRSJT, the researchers will select multiple responses with varied

rankings (Motowidlo et al., 2009).

Scoring Situational Judgment Tests

After the initial development of the stems and responses for an SJT, the next step is to
determine how to score the measure. Weekley, Ployhart, and Holtz (2006) separate the methods
for scoring SJT into two basic categories based on whether it is an MRSJT or an SRSJT. The
simplest form of an MRSJT asks individuals to select the most or least effective option. The
participant’s answer is then compared to the “ideal option” (i.e., the option that was selected as
“ideal” by the domain experts). The participant receives a point if the selected option is ideal. If
the participant's answer differs from the ideal answer, they do not receive a point. However, in
some grading methods, such as the one used by Hanson et al., SMEs assign each response option
a mean effectiveness rating, and participants can receive partial credit even if they fail to select

the ideal response (1999).

In some MRSJTs, participants are asked to rank the responses in order of effectiveness
instead of selecting the most or least appropriate choice. In a ranked choice circumstance,
participant responses are compared to the ideal order identified by the SMEs using Spearman’s

rank order correlation (Weekley et al., 2006). When completing an SRSJT, participants are
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tasked with evaluating the effectiveness of each response using a Likert scale. The ratings are
then compared to results collected from the SMEs and evaluated for level of agreement

(Motowidlo et al., 2009).

Some research exists that compares the different strategies used to evaluate participant
responses. First, Weekley, Ployhart, and Holtz (2006) found that rank-order responses
demonstrated increased validity over methods where participants selected the most or least
effective option. Additionally, while SRSJT with Likert scale scoring is the least common
measure compared to ranked or selecting best/worst, studies suggest that the Likert method
exhibits higher reliability, reduced differences in racial subgroups, and a lower correlation to
general mental ability (Arthur et al., 2014). Cabrera and Nguyen (2001) suggest that the scoring
of SRSJT is superior to that of MRSJT because of the reduced cognitive load. SRSJT presents
respondents with a single option to consider/evaluate. Limiting each question to one course of
action reduces cognitive load because the participant does not need to hold multiple options in
their working memory while reading and comparing response options. SRSJT also eliminates
situations where participants must choose between two or more options they may view as equally
effective. SRSJTs with reused stems allow for a more detailed evaluation of a single scenario by
increasing the number of data points while maintaining a reduced cognitive load (Martin-Raugh

etal., 2018).

Situational Judgment Tests Summary

In summary, Situational Judgment Tests evaluate an individual’s judgment during critical
situations. SJTs contain a prompt detailing a scenario, stem, and response options. Researchers
can present SJTs either in a written or video-based format. SJTs can include multiple response

options (MRSJT) or a single response option (SRSJT) rated by effectiveness. Research shows
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that SJTs demonstrate a moderate predictive value across multiple domains, that SJTs have a
lower adverse impact across subgroups and positive reactions from respondents, and that SJTs

have the potential to be used as pre-and post-tests to evaluate the effectiveness of training.

Based on the positive attributes of SJTs, an SJT approach may help evaluate training
programs for critical operations such as pilots encountering illusions. During these situations,
pilots must recognize what is occurring and use their judgment to determine the proper course of

action in the present situation. The following section defines and describes aviation illusions.

Aviation Illusions

[1lusions are phenomena that result in an individual experiencing false perceptions
(Sanchez-Tena et al., 2018). Aviation illusions are a title given to a wide variety of illusions that
a pilot or crew may experience during flight operations. More than ninety percent of pilots report
having experienced an illusion inflight on at least one occasion (Lewkowicz & Biernacki, 2020).
This section will cover the connection between aviation illusions and accidents, their
classification of them, and their various causes and risks. Finally, this section will also cover

current training requirements and federal guidance related to aviation illusions.

Defining Aviation Illusions

There is no universally agreed-upon list of aviation illusions. The definitions and naming
structures for aviation illusions vary amongst government institutions and within academic
literature. The following section provides a summary of aviation illusions named as defined by
the Federal Aviation Administration (FAA) and the United States Air Force (USAF) (see Table
2). These organizations represent the main civilian (FAA) and military (USAF) governing bodies

for aviation in the United States. Both the FAA and USAF categorized aviation illusions using
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four general groups: Optical, Visual, Vestibular, and Somatosensory Illusions (USDOT & FAA,
2016; Tucker, 2015). The paragraphs below will highlight the differences between each type of

1llusion.

Table 2

1llusion Groupings

Inclusion
[lusion Group [lusion IMusion Name FAA Air in the
Subgroup Force current
study
Vestl‘pular Somatggyral Leans x x X
[lusions [1lusions
Vestlbular Somatggyral Coriolis Illusion X X X
[lusions [1lusions
Vestibular Somatogyral . .
[lusions I1lusions GiyyeTel i e X X
Vestibular Somatogyral o .
Iusions lusions Gillingham (post-roll) Illusion X
Vestibular Somatogravic P1tch-gp Ill.usmn (o p1.t i
) . down illusion or dark-night X
[lusions [lusions .
take-off illusion)
Vestlbular Somatqgrawc Inversion Illusion X X X
[lusions [1lusions
Vestlbular Somatqgrawc Elevator Illusion X X X
[lusions [1lusions
Vestl‘pular Somatqgrawc G-excess Tllusion X
[lusions [1lusions
Vestibular
[lusions Nystagmus X X
Visual Featureless
[lusions (AF) Terrain (AF) o
Tipifiez] Black hole Black hole illusion (AF, FAA) | X X X
Illusion (FAA) | illusion (FAA)
Visual Vection X
[lusions [lusions
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False Vertical
and Horizontal

False Horizon
(FAA)
Visual
Visual Autokinesis
[lusions (AF)
Autokinesis
(FAA)
Visual ) .
o (AT Flicker Vertigo
Decreased
Visual Visibility:
[lusions Night &
Weather
Visual Blending of
[lusions Earth and Sky
Visual Formg e
[lusions Flying
Problems
Visual Inadvertent
[Mlusions Flight into IMC
. Terrain
Il\llul :;i)aris [lusions (AF)
(FAA)
Runway .
Mo Ay | Sy K
. (AF)
Optical .
. Runway width
Illusions (FAA)
(FAA)
Runway
Illusmqs (AE) . High Ratio Approach and
Optical Runway Ratio Lo
[lusions
(FAA)
Runway
Illusmgs (AF) . Low Ratio Approach and
Optical Runway Ratio e
[lusions
(FAA)
Runway Up-sloped
[Mlusions (AF) Runway
Optical Runway and
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[Mlusions Terrain Slopes
(FAA) Ilusion (FAA)
Runway Down-sloped
[lusions (AF) Runway
Optical Runway and X
[lusions Terrain Slopes
(FAA) Illusion (FAA)
Rising Terrain
Runway .
. Prior to the
[Mlusions (AF)
. Runway
Optical X
. Runway and
[1lusions .
(FAA) Terrain Slopes
Illusion (FAA)
s Dowp Slopmg
. Terrain Prior to
[Mlusions (AF)
. the Runway
Optical X
. Runway and
[1lusions .
(FAA) Terrain Slopes
Illusion (FAA)
Optical Ground
. Lighting
[lusion .
I1lusions
Optical Water
Illusion Refraction
Optical
Tlusion Haze
Optical
Tlusion Fog
The Seat-of-
the-Pants
Somatosensory Sense (AF) X
[1lusions Postural
Considerations
(FAA)
Somatosensory Giant Hand
. . X
or vestibular [lusion

Note. Aviation Illusion names and grouping (USDOT & FAA, 2016; Tucker, 2015).
[lusions highlighted in blue are included in the study



Vestibular Illusions. These illusions are caused in the semicircular canals (Somatogyral)
and the otolith organs (Somatogravic). Pilots will experience the false sensations of Somatogyral
illusions when their semicircular canals cannot accurately record their position after a constant
sustained rotation (Tucker, 2015). Somatogravic illusions, on the other hand, describe illusions
where pilots experience sensations of change caused by a sudden linear acceleration in the otolith

organs.

Leans. The leans (See Figure 3) are the most common vestibular illusions. A pilot may
experience the leans after exiting a consistent prolonged turn. Upon rolling out wings level, the
pilot experiences a false perception of the aircraft banking in the opposite direction of the

previous turn. This false perception leads the pilot to lean toward the original turn.
Figure 3

Leans.

Straight and Level

Start Turn

Continued Constant Rate Turn

Return to Straight and Level

The illustrations on the left show fluid within the semici canals during
aircraftbank (turn). The illustration series in the right columnillustrate the aircraft's actual
positionand the individual’s feeling of position in dashed lines.

Note. Depiction of the Leans. From “Air Force pamphlet 11-417”, by G. K. Tucker,
2015, Department of the Air Force.
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Coriolis Illusion. Like the lens, the Coriolis illusion occurs after the pilot performs a
sustained turn (See Figure 4). Entering a sustained turn stimulates the fluid in a pilot's
semicircular canals, alerting them that the aircraft is turning. However, as the pilot remains in a
consistent turn for a prolonged period, the fluid in the semicircular canals will reach equilibrium.
When the fluid reaches equilibrium with the canal walls, the sensation of turning will cease, and
the pilot will feel like they are in straight and level flight. The pilot can tilt their head along
another plane (yaw or pitch) to allow the fluid within the semicircular canal to resume
movement. Once the fluid begins moving, the pilot feels like they are tumbling (Tucker, 2015).
The best way to avoid this sensation is to avoid quick head movement and perform in prolonged

turns.
Figure 4

The Coriolis lllusion.

AN @ (i
\{'_"@" '_// \ . @ /

Effect of Coriolis

Note. From “Air Force pamphlet 11-417”, by G. K. Tucker, 2015, Department of the Air
Force.
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Graveyard Spiral/Spin. The graveyard spin (See Figure 5) occurs when a pilot enters a
prolonged spin with at least 10 to 20 seconds of consistent rotation (Tucker, 2015). If the rate
and direction of the spin remain constant, the spinning sensation will cease. Then, when the pilot
ends the spin and rolls out to the aircraft wings level, they will experience the sensation of
turning in the opposite direction (Tucker, 2015). However, if the aircraft re-enters the spin for a
sustained period, the pilot loses the sensation of turning while remaining in the turn. The pilot
will then begin to spiral downward. If the pilot recognizes the loss of altitude and attempts to
recover by increasing the throttle or pulling up, the aircraft's spiral will tighten and increase its

rate of descent (Tucker, 2015). This is known as the graveyard spiral.

Figure 5

Graveyard Spin/Spiral.

- Aircraft enters spin
.E or mpb nk turn
—e
Pilot thinks
spin has ceased
l Believes straight / level
5

%.u

.

Pilot perceives movement
mm or s,,. in opposite direction
lllll Te——

v * T
.&‘

Noting lost altitude, pilot pulls back or adds i Pilot perc

power, which tightens turn of banked aircraft. o eaniars] origl s sp pmm
Pilot may perceive spin in opposite direction.

Graveyard Spiral Graveyard Spin

Note. Depiction of the graveyard spin and spiral. From “Air Force pamphlet 11-417”, by
G. K. Tucker, 2015, Department of the Air Force.
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Gillingham (post-roll) Illusion. The Gillingham illusion occurs when the horizon is not
visible (Tucker, 2015). After completing a roll along the aircraft’s longitudinal axis, the pilot
rolls out to wing level. However, like the Coriolis illusion and leans, the pilot will feel the
motion continue in the opposite direction. Experiencing this false perception of rotating in the

direction the pilot rolled caused the pilot to re-enter the original roll.

Pitch-up Illusion. Also referred to as the dark-night takeoff illusion, the pitch-up illusion
causes the pilot to experience a false sensation that the aircraft is nose-high when accelerating in
level flight. Attempts to correct this false perception can cause pilots to push the nose down,
putting the aircraft into a dive. This illusion is particularly hazardous during takeoff when the

plane operates at a low altitude (Tucker, 2015).

Inversion Illusion. The Inversion illusion (See Figure 6) occurs following a climb when
the pilot sharply levels off to maintain a constant heading and altitude (Tucker, 2015). The result
of the illusion is the false perception within the otolith organs of tumbling backward. The pilot
may attempt to correct this false perception by pushing the nose of the aircraft forward.
However, pushing the nose of the aircraft forward will cause the aircraft to begin descending and

intensify the false sensation of tumbling.
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Figure 6

Inversion [llusion.

m;_
Note. From “Air Force pamphlet 11-417”, by G. K. Tucker, 2015, Department of the Air
Force.

Elevator Illusion. The elevator illusion occurs when a pilot is performing a prolonged
climb-out. Maintaining a consistent rate during the climb causes the sensation felt by the pilot to
lessen over time. Eventually, the pilot will lose their perception of climbing (Tucker, 2015).
When the aircraft levels off and ceases climbing, the pilot will experience a sensation of
descending. Disoriented by the false perception, a pilot may re-enter the climb-out to correct the
false descent and maintain a consistent altitude. When the pilot cross-checks their instruments
and recognizes the aircraft is ascending, the pilot will again attempt to level off altitude, causing
the sensation of a false descent to return. This cycle of climbing, leveling off, and re-entering the

climb resembles the operation of an elevator stopping on different floors as it ascends. This
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illusion can occur in the reverse direction, with pilots feeling the false sensation of ascending

after leveling off from a sustained descent.

G-excess Illusion. The G-excess illusion occurs during a G-pulling turn when the pilot's
head is facing forward (Tucker, 2015). A G-pulling turn describes a turn in which the turn
generates additional gravitational forces on the pilot. The G-excess can cause the pilot to believe
the aircraft is pitching up. While turning, the feeling of pitching up can affect the pilot's
perception of the bank of the turn, causing them to push the nose of the aircraft down. If the pilot
fails to recognize this illusion, their attempt to correct the false perception may result in the over-

banking of the aircratft.

Nystagmus. Nystagmus occurs after the pilot performs sudden, jarring angular
accelerations during flight maneuvers (Tucker, 2015). The sudden changes in direction during
the maneuvers cause the pilot's eyes to oscillate, blurring the pilot’s vision. Blurry vision can
make it difficult for the pilot to read their instruments properly. The effects of nystagmus are

particularly dangerous during the final approach to land (Tucker, 2015).

Visual Illusions. Visual illusions involve illusions that create confusion when processing
visual information. Overall, their illusion is more likely to occur in conditions that reduce the
pilot’s ability to see outside the cockpit. Conditions include IMC, night flights, and formation
flights. Visual illusions include the Blackhole Terrain, Blending of Earth and Sky, False Vertical

and Horizontal Cues, Vection Illusions, Autokinesis, and Flicker Vertigo.

Black hole Illusion. The black hole illusion (See Figure 7) is a featureless terrain illusion
that occurs during a pilot’s approach to land (Tucker, 2015). Pilots often encounter black hole

illusion when flying over featureless terrain (e.g., a large body of water) at night when there is no
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available horizon. The lack of available cues makes the pilot perceive that they are coming at too
high an altitude and need to make a steeper approach to descend to the proper glide path.
However, if under this misperception, they may descend below the recommended glide path and,
in turn, be at an elevated risk of CFIT or landing short of the runway. Pilots can reduce the
chances of experiencing a black hole illusion by cross-checking their visual approach with their

instruments in the cockpit.

Figure 7

Black Hole [llusion
(2) Pilot over-
estimates the
glide path

(1) Pilothas = .
correct altitude — 27
for distance, i
but...

—

(3) Consequently, the pilot
inibates an aggressive
descent that puts the
airplane below glide path

Note. From “Air Force pamphlet 11-417”, by G. K. Tucker, 2015, Department of the Air
Force.

Vection Illusion. Vection is an illusion of perceived movement generated by observing
the relative movement of other objects. For example, when flying in formation, one plane slowly
gaining speed and progressing past the other aircraft generates the sensation of moving backward

to the slower pilot (Tucker, 2015).

False Horizon Illusion. The false horizon illusion (See Figure 6) occurs when a pilot

attempts to align their aircraft with other external cues while the horizon is obscured (Tucker,
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2015). This most often occurs while a pilot is flying over the top of a cloud layer. While flying
above the cloud layer, the pilot will fly parallel to the cloud layer. If the cloud layer is sloped, the
pilot will fly at a slant instead of straight and level to the ground. This can cause the pilot to
decrease in altitude, and the pilot may experience leans. Pilots can reduce the likelihood of this
illusion by cross-referencing their attitude and altitude indicator when flying over the top of a

cloud layer.

Autokinesis. Autokinesis is an illusion that most often occurs at night when a pilot stares
at a “stationary light for 6 to 12 seconds” (Sdnchez-Tena et al., 2018). Fixating on the stationary
light can cause the pilot to experience a false perception that the light is moving. If the pilot
continues to fixate on the light, the false perception will grow more prominent. It is
recommended that pilots employ a visual scan pattern during flight to avoid fixation and reduce
the likelihood of experiencing the illusion. When experiencing autokinesis, pilots can remediate

its effects by turning and moving their heads.

Flicker Vertigo. Flickering lights can create a false sense of motion. Flickering vertigo is
generated by light flickering at a rate of 4 to 20 times per second. Most often, the flicker is
caused by light emanating from a flashing strobe light or through the blades of a propeller. The
results of this illusion include nausea, dizziness, and convulsions. Rare cases can even result in a

loss of consciousness if the pilot is particularly susceptible.

Optical Illusions. Optical illusions occur when visual perception does not align with
real-life stimuli, resulting in a false perception (Sanchez-Tena et al., 2018). Optical illusions are
prominent in aviation, where pilots must rely on their vision to judge distance and angles, often
from considerable distances. Deviations from feature proportions (i.e., Runway Ratio, Up-

sloped/Down-sloped Runway, Up-sloped/Down-sloped Terrain) and distortions caused by
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atmospheric conditions ( i.e., Ground Lighting illusion, and illusions caused by water refraction,
haze, and fog) are the leading causes of optical illusions (Sanchez-Tena et al., 2018). The false

perceptions caused by optical illusions give pilots misconceptions about their reality position or
orientation compared to the surface. These misconceptions can result in accidents and incidents,

especially when operating at a low altitude, such as during the final approach to land.

Runway Ratio Illusion. The runway ratio illusion (see Figure 8) is an aviation illusion
that occurs when the runway length-to-width ratio does not align with the runway ratio the pilot
expects. This illusion is sometimes also called the “runway width illusion” ; however, the false
perception of the runway is affected by both runway width and length (Sanchez-Tena et al.,
2018). The typical runway width in the United States is 150 feet (Sanchez-Tena et al., 2018).
However, depending on the use of the runway and the aircraft expected to operate at the facility,
the runway width can range from 60 feet or less to greater than 200 feet. Likewise, runway

length also varies greatly.

A high ratio approach and landing describes the final approach to runways where the
runway is narrow (smaller than average width) and long (longer than average length. This makes
the runway appear farther away than the actual distance (USDOT & FAA, 2016; Tucker, 2015).
Believing that their aircraft position is higher than their actual position on the final approach, the
pilot will initiate a steeper descent. If the pilot does not recognize the illusion, the pilot will
likely continue with the steep descent to decrease altitude quickly. Depending on the strength of
the illusion, the pilot may not flare at the correct time, which could result in a hard landing.
Coming in faster and lower than expected also opens the possibility of the pilot landing short of
the runway or controlled flight into terrain (CFIT) if there are obstacles near the runway (Tucker,

2015).
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A low ratio approach and landing describes a final approach to wide (wider than average
width) runways and short (shorter than average length). Approaching a low-ratio runway gives a
pilot the perception that their aircraft is lower than it is. The pilot will likely initiate a shallower,
more gradual descent to achieve what they believe will be the correct landing position. However,
since the perception of position is in error, if the pilot does not realize the misperception and
continues, the aircraft will come into the approach with a higher altitude than is required.
Ultimately, pilots experiencing this illusion may flare upwards of 100 feet off the ground,

endangering the crew and the aircraft (Sanchez-Tena et al., 2018).

Figure 8

Runway Illusions

Runway width illusion

+ Anarrower-than-usual runway can
created an illusion that the aircraft
s higher than it actually s, leading
toalower approach.

+ Awider-than-usual runway can
create anillusion that the aircraft is
Tower than it actually s, leading to
a higher approach.

Runway slope illusion

+ A downsloping runway can create
the llusion that the aircraft is lower
than it actually s, leading to a
higher approach.

+ An upsloping runway can create
the llusion that the aircraft is higher
than it actually s, leading to a lower
approach.

Normal approach
«d Approach due to illusion

Note. From “Pilot Handbook of Aeronautical Knowledge: FAA-H-8083-25B.” by United
States Department of Transportation & Federal Aviation Administration, 2016.

(https://www.faa.gov/regulations_policies’/handbooks manuals/aviation/phak/media/pilot
_handbook.pdf)
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Up/Down Sloped Runway Illusion. The sloped runway illusions (see Figure 8) occur
when a pilot approaches a runway with a positive or negative slope rather than a flat surface
(Sanchez-Tena et al., 2018). A sloped runway can cause a pilot to misinterpret their altitude
concerning the runway. When the runway has a positive slope, the end of the runway is higher
than the threshold (see Figure 8). A positively sloped runway can result in pilots interpreting the
altitude of their aircraft to be too high for approach. When the runway has a negative slope, the
threshold is lower than the end of the runway. In a negative slope situation, the pilot approaching
the runway to land may perceive their altitude as lower than the actual altitude. The pilot would

then decrease their angle of descent and potentially overshoot the runway.

Pilots are particularly susceptible to the sloped runway illusion when flying at night. It is
best practice for the pilot to always check the gradient of the arrival and alternate airports for
sloping information before flight. Information on runway slope is available on airport diagrams,

which can be accessed during and before flight (USDOT & FAA, 2016).

Sloping Terrain Illusion. Like the sloped runway illusion, sloping terrain can cause
pilots to misjudge their altitude when approaching the runway (USDOT & FAA, 2016). The
sloped terrain illusion occurs when positively or negatively sloped terrain surrounds a level
runway (see Figure 8). An up-sloped terrain surrounding the runway can lead the pilot to believe
their altitude is lower than reality and proceed to fly a shallow approach. Conversely, there is
down-sloped terrain at a runway. In that case, the pilot may falsely believe the aircraft is higher
than reality and begin a steep approach at a high rate of descent. The higher the gradient of the
slope surrounding the runway, the more prominent the illusion. Pilots should also verify their
altitude and glide path by cross-checking their instruments to avoid the effects of the sloped

terrain illusion.
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Ground Lighting Illusions. The ground lighting illusion describes the illusion where a
pilot mistakes the lights on a straight path for runway lights (USDOT & FAA, 2016). The
illusion can result in the pilot landing on the road or in a field. It is hazardous because people or
obstructions may be in the path of the wrong approach. Ground lighting illusions mainly occur

during night flight operations (Sanchez-Tena et al., 2018).

Other Optical Illusions. Optical illusions can also occur when the pilot experiences
certain meteorological conditions (water refraction, haze, and fog) during flight. Water refraction
occurs when rain on the aircraft’s windshield causes the horizon to appear lower than it is
actually. The misperception of the horizon causes the pilot to believe they are higher than the
aircraft’s actual altitude (Sédnchez-Tena et al., 2018). Haze can also distort the pilot’s ability to
assess conditions outside the cockpit. Haze is most often associated with causing the pilot to
perceive their altitude as higher than actual and their current location farther away from the
runway than their actual position. Finally, fog can cause the pilot to experience an optical
illusion (Sanchez-Tena et al., 2018). Flying through a layer of fog will most likely result in the

pilot experiencing a false perception of the aircraft, pitching up

Somatosensory Illusions. Somatosensory illusions deal with mismatches within the
“skin-muscle joints, " resulting in false proprioceptive information (Rupert et al., 2016). These

illusions often involve feeling sensations of touch or pressure on the skin.

The Seat-of-the-Pants Sense. The Seat-of-the-Pants sense describes a misconception
caused by pressure stimuli. The cause of this sensation is the pilot's inclination to perceive that
the pressure on the seat of their pants indicates the down direction. Pilots must remain aware that
while the result of this sensation may be accurate on the surface, in flight, the seat-of-the-pants

sensation merely indicates the direction of the aircraft floor regardless of the aircraft's orientation
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to the Earth. Properly scanning their instruments can increase their awareness of their relative

position in space.

Giant Hand Illusion. The Giant Hand illusion is a subconscious reflex that gives the
pilot the perception that an outside force is acting on the aircraft. Pilots may perceive this outside
force as a malfunction of the aircraft while they are, in fact, subconsciously providing the input
(Frantis & Petru, 2018). The force is caused by vestibular and somatosensory input. The results

of this illusion can be fatal if it goes undetected.

Guidelines for Spatial Disorientation Avoidance

Vestibular Illusions. The AIM provides best practices for reducing the chances of
experiencing spatial disorientation from vestibular illusions (FAA, 2019). The AIM suggests that
pilots know the signs and effects of aviation illusions. Pilots should remain vigilant throughout
all flights for warning signs of spatial disorientation. Diminished visibility can increase the
effects of many illusions, so it is essential to conduct proper preflight weather briefings.
Maintaining a proper visual scan pattern during a flight that includes reference to flight
instruments is also important. If flying under VFR conditions, maintain visual reference points
that are stationary and reliable. Avoid sudden head movements that can trigger illusions, such as
the Coriolis illusion (FAA, 2019). Pilots should also get proper rest before conducting a flight.
Finally, if available, pilots should receive practical training on vestibular illusions by

experiencing the illusion generated using devices such as a Barany chair or VR trainers.

Visual Illusions. Visual illusions present the most danger during a pilot's final approach
to land. One way of reducing the risk during the final approach is increasing familiarity with the

airport's features and terrain (FAA, 2019). Knowing the dimensions of the runway and the
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presence of any sloping terrain or runway can allow the pilot to prepare for the illusion and
anticipate its effects. The pilot should also routinely use instruments such as the altimeter to
cross-check their perception with their actual position. When available, systems such as a Visual
Approach Slop Indicator (VASI) or Precision Approach Path Indicator (PAPI) can provide an
electronic glide path for the pilot to follow (FAA, 2019). If neither VASI nor PAPI is available,

the pilot should check if the airport maintains a visual descent point (VPD).

Aviation Illusions and Spatial Disorientation

Aviation illusions are a known causal factor for accidents and mishaps (Patterson et al.,
2013). Aviation illusions cause pilots to experience spatial disorientation (SD) (Sdnchez-Tena et
al., 2018). SD describes situations where individuals experience false perceptions or a loss of
awareness about their current position or motion compared to the surface of the Earth (Previc et
al., 2004; Stott & Benson, 2016). SD can occur in any environment but most often occurs during
operations with reduced visual cues, such as flights in instrument meteorological conditions
(IMC) or night flights (Gibb et al., 2010). Spatial disorientation negatively affects the pilot’s

selective attention and working memory processes (Strozak et al., 2018).

Gibb (2010) reviewed military aircraft incidents between 1913 and 2010, identifying SD
as the leading cause of 33% of all aviation mishaps. The incidents with SD as the leading cause
resulted in a near 100% fatality rate (Gibb, 2010). Furthermore, data shows that despite
improvements in training and safety, the rates of SD-related accidents remained consistent
throughout the decades (Gibb et al., 2010). Gibb speculated that SD-related accidents remain
prominent because of the undercounting of SD as a contributing factor to aviation accidents.
Gibb argues that SD mishaps are historically undercounted due to the following factors: issues in

the mishap investigative and classification process, the perishability of data, and investigators’
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hesitation to list human factors topics in the final report. Gibb calls for developing simulation-

based SD training to improve pilots’ abilities to recognize and recover for SD scenarios.

Kalagher and de Voogt (2022) reviewed 129 accident reports that the NTSB attributed to
spatial disorientation/loss of visual reference within civil aviation between 2008 and 2020. Most
accidents occurred during general aviation (Part 91) operations (111 accidents). The remaining
accidents occurred during either air taxi and commuter (Part 135; 11 accidents) or agriculture
(Part 137; 7 accidents) operations (Kalagher & de Voogt, 2022). Kalagher and de Voogt found
that accidents were most likely to result in a fatality during the enroute phase of flight and when
the pilot entered instrument meteorological conditions (IMC). These results point to the impact
of the loss of visual reference on a pilot’s ability to maneuver the aircraft effectively. IMC
conditions limit the pilot’s field of vision, reducing the cues that pilots can use as points of
reference. Regarding the phase of flight, during the takeoff and landing phases, pilots could use
airport lighting or other nearby structures as potential points of reference. However, during the
enroute phase, pilots are at cruising altitude (often thousands of feet above ground level) and

may not be near an airport or other structures designed to draw pilots' attention.

While Instrument-rated pilots undergo training to operate in these conditions, Kalagher
and de Voogt found no significant difference in the fatality rate of pilots who did/did not possess
an Instrument rating (2022). This finding is noteworthy because an Instrument rating is a
designation the FAA assigns to qualify a pilot as capable of operating in IMC under Instrument
flight rules (IFR). Another finding of Kalagher and de Voogt’s investigation was that accidents
resulted in a significantly higher fatality rate when the NTSB reported “decision-
making/judgment” as a factor (2022). The lack of distinction between the fatality rates of

Instrument-rated and non-Instrument-rated pilots and the correlation of decision-
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making/judgment as a factor in fatal accidents may point to additional training on decision-

making during incidents of spatial disorientation.

Types of Spatial Disorientations. Previc & Ercoline (2004) categorize spatial
disorientation into three types. Type I refers to unrecognized SD. During Type I scenarios’ pilots
fail to recognize that they are experiencing symptoms of SD and continue to operate the aircraft
normally. Type I SD can result in accidents known as controlled flight into terrain (CFIT). CFIT
describes an incident where the pilot(s) continue normal operation with complete control of an
aircraft until they unsuspectedly collide with terrain (Kelly & Efthymiou, 2019). Kelly &
Efthymious (2019) reviewed fifty incidences of CFIT from 2007 to 2017. They found that
perceptual errors in 74% of the accidents (37 of 50) involved circumstances where the pilot

experienced an illusion or an attention failure.

During Type II SD, the pilot recognizes something incorrect (Previc & Ercoline, 2004).
Previc and Ercoline specify that the pilot may not realize they are suffering from disorientation,
but they recognize that their perceptions do not align with their instruments. The misalignment of
the instruments and the pilot’s senses can result in the pilot assuming the instruments are
malfunctioning. Type II SD often occurs when a pilot experiences “the Leans.” Upon rolling the
wings level post a constant rate turn, the pilot will feel like the aircraft is turning in the opposite
direction of the original turn. The turn indicator will show that the aircraft is in level flight, yet

the pilot will feel like they are turning.

Type III SD refers to incapacitating SD (Previc & Ercoline, 2004). During a Type 111 SD,
the pilot is rendered unable to safely operate the aircraft due to the sensations caused by SD. One
example of Type III occurs during the nystagmus illusion. Nystagmus is an illusion that occurs

after a series of jarring accelerations causes the pilot’s eyes to oscillate (Tucker, 2015). The
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oscillation of the eyes blurs the pilot’s vision, making it difficult to read their instruments.

Nystagmus is especially dangerous when it occurs during a final approach to land.

Pilots experiencing SD during flight can experience more than one type, and the type of
SD experienced by the pilot may change throughout the flight, as shown in Figure 9 (Previc &
Ercoline, 2004). For example, a pilot could experience an unrecognized SD (Type 1) and then
later notice a discrepancy between their instruments and their perception (Type 2). Finally, their
uncorrected cause of SD can worsen when the pilot is incapacitated (Type 3). While this chain of
worsening SD is possible, it is also possible that the pilot only experiences Type 2 or 3 without

ever experiencing Type 1 SD.
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Figure 9

Type I to 11l Spatial Disorientation.
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Note. Describes how Type I SD can progress to Type III From “Spatial Disorientation in
Aviation,” F. H. Previc and W. R. Ercoline, 2004, American Institute of Aeronautics and
Astronautics. (https://doi.org/10.2514/4.866708). Copyright 2004 by the American
Institute of Aeronautics and Astronautics, Inc.

Patterson et al. (1997) described the three immediate outcomes when a pilot experiences
SD and an aviation illusion. The first possible outcome is that the pilot recognizes that they are
experiencing SD and takes the appropriate corrective action to remediate the situation. The
second possible outcome is that the pilot fails to recognize the event. Thus, the pilot takes no
corrective action, resulting in an incident or accident. Finally, the last possible outcome is that
the pilot recognizes that they are experiencing SD or an aviation illusion, but the pilot cannot
correctly respond. The inability to respond to the situation can also result in an accident or

incident (Patterson et al., 1997). The purpose of differentiating between these three possible
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outcomes is to demonstrate that pilots must recognize that they are experiencing an illusion and
know how to remediate the effects. Pilots who fail at either are at increased risk of an accident or

incident.

Current Aviation Illusions Regulations

The Code of Federal Regulation (CFRs) that guide the operations of pilot training (Part 61)
and flight school operations (Part 141) do not directly address aviation illusion or spatial
disorientation in their training requirements (14 CFR 61, 14 CFR 141). However, Part 61 does
require pilots to “receive and log” aeronautical knowledge training (14 CFR 61.105(a)). Parts of
the knowledge training include familiarization with the Aeronautical Information Manual (AIM),
which includes sections on spatial disorientation and aviation illusions (14 CFR 61.105(b)(2)).

The AIM lists illusions (see Table 2), definitions, and coping strategies.

Cheung (2013) criticizes the vague knowledge requirements for spatial disorientation and
illusion training. Cheung notes that a significant portion of the information provided to pilots
focuses on the anatomy and physiology of the sensory systems instead of information that aids
pilots in anticipating when these events will occur and how to respond properly. Cheung
advocates for training that instructs pilots to “anticipate, avoid, and counteract” spatial

disorientation (Cheung, 2013).

Aviation Illusion Summary

Aviation illusions cause pilots to experience false perceptions inflight. Aviation illusions
can result in spatial disorientation and ultimately result in accidents. While no universal list of
aviation illusions exists, looking at the USAF and FAA list and definitions renders four

categories of aviation illusions (Optical, Visual, Vestibular, and Somatosensory). Current FAA
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regulations do not require specific training on aviation illusions outside their inclusion in the

AIM. An evaluation of NTSB reports suggests that decision-making/judgment contributes to

spatial disorientation accidents in civil aviation.

Literature Review Summary

Summary statements.

1)

2)

3)

Situational Judgment Tests (SJTs) are scenario-based assessments that task
respondents with selecting, ranking, or rating responses to domain-specific critical
incidents. Critical incidents are situations derived from accident reports, complaints,
or built from training curriculum.

Research demonstrates that SJTs moderately correlate with performance across
domains (e.g., general aviation: Hunter, 2003; museum employees: Crook et al.,
2011; medical physician trainees: Cousans et al., 2017).

Aviation illusions are a known cause of spatial disorientation, accidents, and mishaps.
The four main groups of illusions are Vestibular, Visual, Optical, and Somatosensory
(USDOT & FAA, 2016; Tucker, 2015). Each group of illusions deals with false
perceptions caused by different physiological causes. Vestibular: semicircular canals
are unable to accurately record their position or sensations of change caused by a
sudden linear acceleration in the otolith organs; visual illusions: caused by the
absence or distortion of visual cues; Optical Illusion: mismatch between visual
perception and reality due to positioning and perspective of the pilot about objects;
Somatosensory Illusions: mismatch within the skin, muscles, or joints, that results in

false proprioceptive information).
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4) Aviation illusions occur most frequently during General Aviation (GA) operations
and often can have deadly consequences (Kalagher & de Voogt, 2022). More than
90% of pilots report they have experienced illusions inflight (Lewkowicz &
Biernacki, 2020). Accidents at least partially attributed to pilot judgment by the
NTSB resulted in a significantly higher fatality rate than those that did not (Kalagher
& de Voogt, 2022).

5) Current regulations do not directly address aviation illusion training in the
requirements for either Part 61 or Part 141 instruction (14 CFR 61; 14 CFR 141).
Pilots must know how to “anticipate, avoid, and counteract” the spatial disorientation

caused by illusions inflight (Cheung, 2013).

6) A gap in the aviation research is a validated assessment of GA pilots’ aeronautical
decision-making during encounters with aviation illusions. Use of the SJT method

may be an effective assessment approach.

Current Study

This study aimed to develop and validate an Aviation Illusion - Situational Judgement
Test of aviation visual illusions that can evaluate future aviation illusion training. The
development process followed a multi-stage process based on best practices outlined in the
literature review. The process aimed to develop a unidimensional Situational Judgement Test
(SJT) that measures aeronautical decision-making during pilots’ encounters with aviation
illusions inflight. The results of this study will also contribute to the SJT training literature in two
areas: 1) the evaluation of a hybrid MR/SR SJT, and 2) a test of the SJT approach in the aviation

domain.
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Predictions

Response Rating
Hi SJT1a-SJT8c are indicators of Inflight [llusion ADM
Hia The items SJT1a-SJT8c will form a unidimensional model.
Hip,  The items SJT1a-SJT8c will exhibit acceptable reliability.
H> Flight Hours will positively predict Inflight Illusion ADM.
H; Certification level will positively predict Inflight Illusion ADM.
Hs  Illusion Familiarity will positively predict Inflight Illusion ADM.
Hs  Risk perception will positively predict Inflight Illusion ADM.
Response Selection

Hs  Response Selection for SJT1-SJT8 will fit a 1PL- IRT model.

H7  Certification/Rating level will positively correlate with AI-SJT Response Selection.

Hs  Flight Hours will positively correlate with AI-SJT Response Selection.
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Chapter 3: Methods

This dissertation developed and validated a measure of aeronautical decision-making
during GA pilots’ encounters with aviation illusions. The following chapter first describes the
development process of the Aviation Illusion-Situational Judgment Test (AI-SJT). A description

of the evaluation and validation process follows.
Aviation Illusion-Situational Judgement Test (AI-SJT) Development Overview

The AI-SJT development process was a combination of 1) the traditional approach for
developing SJTs for personnel selection, and 2) the construct-driven approach (i.e., the approach
for SJTs that measure the presence of a trait or construct) (Tiffin et al., 2019). Figure 10
demonstrates an example of each of these processes. Throughout the development process,
aviation subject matter experts (SMEs) were consulted to ensure the scenario accurately
described realistic conditions for the occurrence of each illusion. Within the scope of this
dissertation, aviation SMEs were defined as pilots holding at least a certified flight instructor
(CF]) license. All aviation SMEs were affiliates of the Daytona Beach campus of Embry-Riddle
Aeronautical University. SMEs were separated into two groups that were consulted at different
stages of the development process. SME group 1 included two certified flight instructors with a
mean flight hours of approximately 2700 hours. SME group 2 included three current CFIs, with

at least 5,000 flight hours, and current certified ground instructors.
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Figure 10

SJT Development Process.
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those for whom the test is intended as a selection expert sconng may be alternatives
measure. ldeally, some data relating to validity
should also be obtained at this stage

Tnal pilot tems in a sample of test-takers, similar

1o those for whom test intended as a selection

— mp— - . measure. ldeally some data relating to validity
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Pilot fnal version in the selection process before and sconng in ight of psychometnic analysis of
being implemented as part of the actual decision- pilot response data. Emphasis is on achieving
making process high levels of reliability and/or desirable test
and refresh test content, bulding up an ‘item Pilot final version before being used as part of
bank’ of questions with known properties selection or for research purposes

Note. Traditional vs. Construct SJT Development Process. From “Situational Judgement Tests
for Selection: Traditional vs Construct-driven Approaches,” P. A. Tiffin, L. W. Paton, D.
O'Mara, C. MacCann, J. W. Lang, and F. Lievens, 2019, Medical Education, 54(2), p.
105-115. (https://doi.org/10.1111/medu.14011). Copywrite 2019 by John Wiley & Sons
Ltd and The Association for the Study of Medical Education.
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Illusion Selection

The first step was determining which illusions to include in the AI-SJT. A list of aviation
illusions was compiled from documents published by the United States Air Force (USAF) and
Federal Aviation Administrative (FAA) (USDOT & FAA, 2016; Tucker, 2015) (see Table 2).
The initial collection of illusions resulted in a total of 33 illusions. The list was then narrowed
down to include only those illusions that are included in both USAF and FAA documentation.
The list of illusions was then assessed by two aviation SMEs (SME group 1; certified flight
instructors with a mean flight hours of approximately 2700 hours) and further reduced based on
their feedback. Some examples of illusion exclusion include limitations of text-based questions
to represent these illusions (i.e., Water Refraction, Haze, and Fog) and high degrees of overlap
for response options. For example, the illusions included in the runway sub-category of optical
illusions all require similar corrective actions by the pilot (FAA, 2019). Therefore, the runway
illusions were combined into one illusion, “Runway and Terrain Slopes Illusion,” for this
assessment. Ultimately, eight aviation illusions (Leans, Coriolis Illusion, Inversion Illusion,
Elevator Illusion, False Horizon, Autokinesis, Runway and Terrain Slopes Illusion, and Black

Hole Illusion) were chosen for inclusion in the AI-SJT.

AI-SJT Development Process

Step 1: Prompt / Stem Development

The AI-SJT development process (see Figure 11) began with the development of prompts
and stems for each scenario. The researcher generated initial prompts and stems based on
descriptions found in the literature (see Figure 12). The two SMEs (group 1) which assisted with

illusion selection also reviewed the prompts and stems in an iterative process.
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Figure 11

AI-SJT Development Flowchart
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Figure 12

Initial Prompt and Stem Example.

Prompt 1

In the following scenario, your task is to respond from a pilot's perspective operating a small single-engine

aircraft. You are flying at 5,000 feet heading north under instrument meteorological conditions.

During the flight, you notice you are off course and have passed your destination airport. You
enter a consistent prolonged turn toward the right in an attempt to correct your route. After rolling

out to a heading of 175, you feel like the aircraft is turning toward the left. How would you best

respond to this situation?

Figure 13

Finalized Prompt and Stem Example.

Situational Judgment Test

Instructions: For the following scenarios, RATE the effectiveness of each of the provided
responses on a scale of 1 (Ineffective) to 5 (Effective) and select the MOST EFFECTIVE

option for each scenario.

Scenario 1:

You slowly enter a 20-degree banking turn to the right. After approximately a minute, you begin
to roll out to wings level but feel as if you are entering a left-hand turn. RATE the effectiveness

of the following responses to this situation
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Each SME provided feedback independently. Final versions of each prompt and stem
incorporated feedback from the SMEs and received final approval from each SME separately.

Figure 13 shows the final version of the prompt and stem shown in Figure 12.

Step 2: Generation of Response Options

Following the prompt and stem development completion, the researcher developed
response options for each stem. Each scenario included three response options. Response options
corresponded to an action with various degrees of effectiveness (i.e., low, moderate, and highly
effective). The assessment of response options followed the same assessment as prompts and
stems, with two aviation SMEs (group 1) again independently reviewing and providing iterative
feedback on each response option. Figure 13 shows an example of the finalized response options.
Some additional alterations to response options also occurred late in the development process

during response assessment (Step 3).
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Figure 14

Finalized Response Options Example.

a. Maintain your current heading and pitch attitude, align your aircraft with the horizon,
then check the attitude indicator.

b. Turmn the aircraft to the right until you feel as though you are straight and level, align
your aircraft with the horizon, then check the attitude indicator.

c. Tum the aircraft to the right until you feel as though you are straight and level, then
quickly turn your head and look for landmarks to orient yourself.

Which of the following options is the most effective response to the scenario?
a. Maintain your current heading and pitch attitude, align your aircraft with the
horizon, then check the attitude indicator.
b. Turn the aircraft to the right until you feel as though you are straight and level, align
your aircraft with the horizon, then check the attitude indicator.
c. Tum the aircraft to the right until you feel as though you are straight and level, then
quickly turn your head and look for landmarks to orient yourself.

Step 3: Response Assessment

Upon the completion of response option generation, a new set of three aviation SMEs
(group 2) were recruited to evaluate and rate each response option. All aviation SMEs during this
development phase were current CFIs, with at least 5,000 flight hours, and were certified ground
instructors. Each aviation SME was given a draft version of the AI-SJT and asked to rate each
response option on a Likert scale from 1 (very ineffective) to 5 (very effective) and select the
best response to each stem. After completing the assessment, a consensus meeting was held to
finalize the key. Four of the 24 response options were altered during the consensus meeting to

reach an agreement amongst the SMEs. An example of the results from the consensus meeting is
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demonstrated in Figure 15. The end result was the 32-item survey that consists of 24 item

ratings and 6 response selections.

Figure 15

Finalized Response Options Assessment Example.

Scenario 2:

During a cross country flight, you inadvertently fly into instrument meteorological conditions.
ATC instructs you to turn from a heading of 360 to 180. During the turn you drop vour tablet and
quickly bend down to retrieve it, suddenly you begin to feel as though your aircraft 1s tumbling.
RATE the effectiveness of the following responses to this situation.

a. Slowly raise back up, sit in a neutral position, increase to full throttle, and pitch the
nose down.

b. Slowly raise back up to a neutral position, orient the aircraft until you feel as though
vou are straight and level, then cross-check your attitude indicator, heading
coordinator, and turn coordinator.

4

c. Slowly raise back up to a neutral position, reduce power, level wings, and raise the
nose to level flight.

Which of the following options is the most effective response to the scenario?
a. Slowly raise back up, sit in a neutral position, increase to full throttle, and pitch the
nose down.

b. Slowly raise back up to a neutral position, orient the aircraft until you feel as
though you are straight and level, then cross-check your attitude indicator,
heading coordinator, and turn coordinator.

c. Slowly raise back up to a neutral position, reduce power, level wings, and raise the nose
to level flight.

Illusion: Coriolis Illusion
SME Answer: B
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Step 4: Pilot Study
An initial pilot study of 80 Embry-Riddle Aeronautical University (ERAU) students was

conducted. The participants were sampled from three class sections and ranged in certification
level from private to commercial. Participants were offered extra credit for participating in the
pilot study. The pilot study used physical copies of the AI-SJT. However, usability issues with
the copies and test design resulted in a high incidence rate of missing data. Subsequent versions

of the AI-SJT were changed to online assessment. The hard-copy dataset was not analyzed.

Validation Study Design

Participants and Recruitment

Participants were recruited via email, flyers, and on-site talks at the following
organizations: ERAU flight department, Phoenix East Aviation, and Women in Aviation
International. Flyers were also distributed via email to local flight clubs in central Florida. All

participants must be 18 or older and possess a Private Pilot certification.

A total of 298 pilots completed the survey. Of those, 55 participants were female, 240
were male, and four preferred not to answer. The most common training background was Part
141 Collegiate (200), followed by Part 61 (65), Part 141 Non-Collegiate (25), International (6),
and Military (2). The mean age was 23.03 (standard deviation [SD] = 5.85) and ranged from 18
to 45. Mean years flying was 3.22 (SD = 2.6) and ranged from 0.25 to 20 years. Mean flight
hours overall was 342.02 (SD = 752.33) with a Median of 170.00 and a range of 50.00 to

7650.00 flight hours. Table 3 shows flight hours and years flying by certification/rating.
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Table 3

Demographics breakdown of flight hours and years flying by certification/rating.

Private

Private w/ Instrument

Commercial w/ Instrument

CFI/Il w/ Instrument

ATP

Flight Hours Years Flying

n M (SD) M (SD)
Median Median

84 115.21 (47.12) 1.93 (1.32)
110.00 2.00

123 244.15 (170.00) 2.76 (1.84)
265.83 2.00

65 533.06 (997.85) 4.66 (2.81)
250.00 3.00

22 451.86 (315.79) 4.42 (2.30)
300.00 4.00

4 4406.50 (2533.94) 14.25 (4.79)
4713.00 14.00
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Table 4

Demographics breakdown of flight hours and years flying by flight training background

Flight Training Background Flight Hours Years Flying
. M (SD) M (SD)
Median Median
546.63 (1286.10) 3.71 (3.00)
Part 61 (Local FBO) 65 140.00 3.00
) 249.80 (489.26) 2.97 (2.16)
Part 141 Collegiate 200 172.55 250
Part 141 Non-Collegiate 5 278.48 (295.19) 2.14 (1.40)
200.00 2.00
. 1050.00 (777.82) 13.0 (9.90)
Military 2 1050.00 13.00
. 1228.33 (578.63) 7.33 (3.67)
International 6 1275.00 700

Sample Size. The sample size for the study needed to be adequate for both a robust
structural equation model (SEM) and a one-parameter logistic Item Response Theory (1PL IRT)
model. A general rule of thumb for selecting the sample size for an SEM analysis is that an
overall minimum of 100 to 200 is required (Boomsma, 1985). MacCallum et al., states that
sample size requirements for an SEM vary depending on the commonalities and the ratio of
indicators to factors (1999). Given the prediction of a one factors model with a large number of
indicators (seven or more) the suggested sample size would be between 100 and 200 with
commonalities around .5. Regarding an IRT, the test length typically determines the sample size
(Sahin & Anil, 2017). For example, a test must contain 10 to 20 items and include data from 750
respondents to implement a 3PL IRT. If the test item count is expanded to at least 30 items, the
number of required respondents is reduced to 350 for a 3PL IRT (Sahin & Anil, 2017). For a 1PL

IRT, a sample of at least 150 is sufficient across a wide range of test lengths (Sahin & Anil,
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2017). The sample of 298 pilots was deemed to fulfill the requirements of both evaluations

included in this dissertation

Measures

Demographic Questionnaire. The demographic questionnaire consists of 11 questions.
Demographic information surveyed included age, gender, and questions about the participants’
aviation experience. Aviation experience questions pertained to the pilot's highest
certification/ratings, total flight hours, and where they received their aviation training (see

Appendix A)

Aviation Illusion Situational Judgment Test (AI-SJT). The AI-SJT consisted of 32
items (see Appendix C). Specifically, for each AI-SJT scenario, respondents received one
prompt/stem that provided the background information necessary to answer the question
adequately. Additionally, each prompt/stem was accompanied with three response options. The
pilots viewed one prompt/stem with the associated response options at a time. The pilot was first
instructed to rate the effectiveness of each of the three response options from 1 (ineffective) to 5
(effective). After rating each response, the pilot was instructed to select the best response from

the three options.

Modified Flight Risk Perception Scale (FRPS). The modified FRPS is a 13-item
validated scale that asks users to rate the risk associated with a variety of flight related
situations(Winters et al., 2019). Each situation is evaluated on a nine-point scale from low (1) to
high (9) risk (see Appendix C). The FRPS consists of three subscales: General Flight Risk, High
Risk, and Altitude Risk. The General Flight Risks subscale consists of five low-risk flight
scenarios. High Risk includes three flight scenarios with elevated risk. The Altitude Risk

subscale consists of five questions that vary in risk depending on the assigned altitude. The
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Altitude Risk subscale includes two flight scenarios: a sightseeing flight over wooded valleys
and hills and a flight over a lake. The sightseeing scenario is evaluated by three questions: a
flight 500 feet above ground level (AGL), 1,500 feet AGL, and 3,500 ft AGL. The lake scenario
is evaluated with two questions that place the flight altitude at either 1,500 ft AGL or 3,000 ft

AGL.

The output of the FRPS is four composite scores per participant, one overall FRPS score
and three sub scores. Cronbach’s alpha was used to evaluate the internal reliability of each of the
three FRPS sub scales. The General Flight Risk (o = 0.86) and Altitude Risk (oo = 0.79) sub
scales were both found to exhibit acceptable internal reliability. The High-Risk subscale showed
questionable internal reliability (High Risk; o = 0.67) but this may be due to the low number of

items in the subscale (Tavakoi & Dennick, 2011).

Ilusion Familiarity Survey. The Illusion Familiarity survey consisted of eight items.
The pilots rated their familiarity with each aviation illusion included in the AI-SJT. One question
was included for each of the eight included illusions. Familiarity was rated on a scale from 1
(Not at all familiar) to 5 (Very Familiar) (see Appendix D). Cronbach’s alpha was calculated to
assess the internal reliability of the Illusion Familiarity survey (Tavakol & Dennick, 2011). The
survey was found to exhibit excellent internal reliability as assessed by Cronbach’s alpha (o =
0.92). The illusion familiarity Survey was the last assessment surveyed to avoid priming

participants.
Procedure
The study procedure is shown in Figure 16. After receiving approval from Embry-

Riddle’s institutional review board (IRB), the survey was administered through Qualtrics.
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Participants first completed the demographics questionnaire. Participants then completed

the AI-SJT. Following the AI-SJT, they completed the Modified Flight Risk Perception Scale

(FRPS; Winters et al., 2019) and the illusion familiarity survey. The entire survey took

approximately 20 minutes to complete. Upon completion of the survey, a $10 Amazon gift card

was sent to the email each participant used to sign up for the study
Figure 16
Data Collection Procedure.
Flight Risk lllusion

Perception Familiarity (IF)
Scale (FRPS) survey

Receive

Access Survey Compensation

Informed Demographics
Consent Questionnaire

Note. All measures were collected online through Qualtrics. AI-SJT scenario order was
randomized for each participant. Participants received a $10 Amazon eGift card to their email

address after completion of the survey.
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Chapter 4: Results

The following sections present the results of several analyses conducted to assess the
psychometric properties of the AI-SJT. Figure 17 shows the initial hypothesized model with all
response items loading on to one factor, aeronautical decision-making (ADM). All analyses were

conducted using IBM SPSS Statistics v27 and IBM SPSS AMOS v27.
Figure 17
Hypothesized model

SJT1A
SJT1B
SJT1C
SJT2A
SJT2B
SJT2C
SJT3A
SJT3B
SJT3C
SJT4A
SJT4B
SJTAC
SJT5A
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SJT8C

Note. Each item corresponds to a specific response option (e.g., SJT1A: Question 1 response
option A). Questions and responses are listed in the order presented in Appendix B. All items are

hypothesized to load on to one factor Aeronautical Decision Making (ADM).
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Initial Data Screening

Survey responses were exported from Qualtrics and evaluated in Microsoft Excel. A total
of 346 responses were received. After a review of the respondents’ qualifications 48 were
removed for either not holding at least a Private Pilot’s license or failing to meet the age
requirement. Following the review of qualifications 298 responses remained. Responses were
then screened for incomplete data. As suggested by Dong & Peng (2013) the threshold of
missing 10% or greater was used as the cutoff for removal. No participants exceeded the

threshold for exclusion. Missing data was replaced with the variable mean (Kline, 2016).

Descriptives

This section includes the descriptive statistics for each item included in the AI-SJT, see
Table 5 and 6. Table 5 includes frequency counts for how often each item was selected as the
best response option for its corresponding scenario. Table 6 includes mean, standard deviation
(SD) and SME rating determined during test development. All items were scored on a 5-point

Likert scale from 1 (Ineffective) to 5 (Effective).

Participants were also tasked with selecting the most effective response option for each
scenario. Participant selections were compared to the items selected as the most effective for
each scenario by the aviation SMEs. Participants, on average, selected the same response as
SMEs 52.60 percent of the time (m =4.21; SD = 1.38) with a range of 0 to 7 matched responses.
Three scenarios of the eight scenarios had a correct match rate below 50% : Inversion Illusion
(46.64%), False Horizon (19.80%), and Autokinesis (17.45%). Participants were most aligned

with SME responses for the Leans (87.92%) and Runway Illusion (68.79%) scenarios.
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Table 5

Descriptive Statistics for AI-SJT Item Selection

I1lusion

Item

Selection as Best Response

Illusion N SME Percent
Group (A-SIT) [Total = 298] SME (Rating)  Correct

) 1A 262 X 5

Vestibular Leans 1B 19 1 87.92
1C 17 1
2A 16 1

Coriolis Ilusion 2B 189 X 5 63.42
2C 93 3
3A 29 1

Inversion Illusion 3B 130 3 46.64
3C 139 X 5
4A 185 X 5

Elevator Illusion 4B 25 1 62.08
4C 88 4
S5A 59 X 5

Visual/Optical False Horizon 5B 130 4 19.80
5C 109 2
6A 26 2

Autokinesis 6B 52 X 5 17.45
6C 220 4
7A 64 3

Runway Illusion 7B 29 1 68.79
7C 205 X 5
8A 163 X 5

Black Hole Illusion 8B 32 1 54.70
8C 103 3

Note. X indicates the item selected by the Subject Matter Experts as the best response to the
scenario. N indicates the number of participants that selected the response option as the best
response for the scenario. Percent Correct indicates the percent of responses where the best

option was correctly selected.
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Table 6

Descriptive Statistics for AI-SJT Item Evaluation

. Item (Al- SME Mean

llusion SIT)  Rating  (N=298) SD
Vestibular 1A 5 4.15 1.12
Leans 1B 1 1.93 1.19
1C 1 1.64 1.13
2A 1 1.80 1.10
Coriolis Illusion 2B 5 3.61 1.37
2C 3 3.14 1.41
3A 1 1.93 1.22

Inversion
Tllusion 3B 3 3.65 1.27
3C 5 3.66 1.37
4A 5 4.16 1.11
Elevator Illusion 4B 1 2.01 1.18
4C 4 343 1.29
Visual/Optical 5A 5 3.27 1.19
False Horizon 5B 4 3.62 1.14
5C 2 3.64 1.24
6A 2 1.96 1.25
Autokinesis 6B 5 2.72 1.39
6C 4 4.08 1.11
TA 3 2.84 1.23
Runway Illusion 7B 1 2.52 1.29
7C 5 3.99 1.17
Black Hol 8A 5 3.44 1.30
ack Hole 8B | 1.97 1.14

Ilusion

8C 3 3.29 1.32
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Composite scores of item rating showed that the mean cumulative total for all response

ratings in the AI-SJT were close to the cumulative SME ratings (Table 7). However, when

looking at the composite scores of the most effective items (i.e., SME rating of 5), participants

on average rated the items lower than the SMEs Conversely participants on average rated the

responses identified as ineffective (i.e., SME ratings of 1 or 2) higher than SMEs.

Table 7

Composite Scores for AI-SJT Item Evaluation

Cumulative Total (N=298)

I1lusion Number SME M SD Skewness  Kurtosis
of Items Rating
Composite Overall 24 75 7245 1017 00 1.85
Scores
Most Effective 40 2900 427 _.63 1.06
Responses
Ineffective 11 1940  6.62 1.34 1.61
Responses

Note. Most Effective Responses are based on SME responses and include all items with an SME
rating of 5 (1A, 2B, 3C, 4A, 5A, 6B, 7C, and 8A). Ineffective Responses include all items with
an SME rating of 1 or 2 (1B, 1C, 2A, 3A, 4B, 5C, 6A, 7B, 8B). SME Ratings are the cumulative
total of the SME ratings for the items in the given category.

Confirmatory Factor Analysis (CFA): Hypothesized Model

A CFA with a Maximum Likelihood extraction method was conducted using IBM SPSS

AMOS v27.
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Assumptions

Outliers. The proposed model was first evaluated for outliers using Mahalanobis distance
(D?). Outliers were defined as participants with D? values distinct from other values and a p <

0.001 (Kline, 2016). No outliers were identified for this analysis.

Normality. Normality was assessed using items skewness and kurtosis (see Table 8).
Skewness values between -1 and +1 are considered excellent while values between -2 and +2
are considered acceptable (Hair et al., 2022, p. 66). Kurtosis values between -7 and +7 are
required to meet the assumption of normality (Byrne, 2016). Based on the stated guidelines all
items were at least acceptable, indicating that the data exhibited univariate normality. However,
Multivariate Normality was violated (multivariate kurtosis = 108.74). Due to the violated

assumption of multivariate normality a Bollen-Stine bootstrap was performed (Bollen & Stine,

1992).
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Table 8.

Normality Assessment CFA hypothesized Model

Item (AI-SJT) Skewness Kurtosis
1A -1.16 .30
1B 1.15 24
1C 1.72 1.84
2A 1.26 .64
2B -.65 -.81
2C -.11 -1.26
3A 1.16 24
3B -.62 -.67
3C -.65 -.85
4A -1.42 1.35
4B 1.06 21
4C -.44 -.87
S5A -.28 -.74
5B -.61 -.26
5C -.49 -.85
6A 1.13 13
6B 18 -1.24
6C -1.16 .69
TA .09 -.94
7B 41 -97
7C -1.08 .30
8A -.46 -.93
8B 1.01 .03
8C -.34 -.96

Multivariate 108.74

Model Evaluation.

An evaluation of Goodness-of-fit (GOF) indices was performed to determine CFA model

fit. Kline (2016) suggest that at a minimum three fit indexes along with the models test statistics

should be reported. Table 9 includes the Model- chi-squared (3?) and p-value, chi-square to

degrees of freedom ratio (PCMIN/DF), root mean square error of approximation (RMSEA;

Steiger & Lind, 1980), goodness-of-fit index (GFI), Tucker-Lewis index (TLI; Tucker & Lewis,

1973), Bentler’s comparative fit index (CFI; Bentler, 1990), and Standardized Root Mean Square

Residual (SRMR) (Kline, 2016).
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Table 9

Model Fit Indices for CFA Hypothesized Model

Model Fit Indices AI-SJT Acceptable
(Yes/No)
v* (p-value) 865.99 (.000) No
PCMIN/DF 3.32 No
RMSEA 0.09 No
GFI .805 No
TLI .59 No
CFI .63 No
SRMR .086 Yes

Note. Acceptable values are as follows: p>=.05; PCMIN/DF < 3.0 ; RMSEA <= .08; GFI >=
.90; IFI >= .90; TLI >= .90; CFI >= .90, SRMR < .10.

The cutoffs for acceptable values are as follows, Model- chi-squared (y?) requires a
nonsignificant result (p >= .05; Barrett, 2007; Hooper et al, 2008), chi-square to degrees of
freedom ratio (PCMIN/DF) < 3 (Kline, 2016), RMSEA <= .08 (MacCallum et al, 1996), GFI,
TLI, and CFTI are all recommended to be >= .90 (Hooper et al, 2008), finally a SRMR less than
.10 indicates acceptable fit (Kline, 2016). The summary of these GOF indices are presented in
Table 9. The overall result showed poor model fit for six of the seven included fit indices
evaluated. The poor model fit, and low standardized regression weights of several factors (see
Table 10) indicate that there may be an issue with the hypothesized factor structure for the Al-

SJT. Thus, the factor structure was evaluated using an exploratory factor analysis (EFA).
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Table 10.
Regression Weights for Confirmatory Factor Analysis of Hypothesized AI-SJT Model.

Items Estimates Standardized S.E. C.R. P
Estimates

SIT8C<--- AL SJT -.07 .05 A3 75 45
SIT8B<--- Al SJT 1.00 54

SIT8A<--- Al SJT -.01 -.00 13 -.06 95
SIT7C<--- AL SJT -40 -21 A2 -3.30 <001
SIT7B<--- AL SJT .92 44 15 6.32 <.001
SIT7A<--- AL SIT 77 39 13 5.71 <.001
SIT6C<--- AL SJT .03 .02 A1 .26 796
SIT6B<--- Al SJT .66 .29 A5 4.49 <.001
SJIT6A<--- Al SJT 1.10 54 15 7.36 <.001
SIT5C<--- AL SJT -.05 -.02 A2 -37 11
SIT5B<--- Al SIJT 31 17 12 2.63 .008
SIT5A<--- Al SJT .58 .30 13 4.58 <.001
SJT4C<--- AL SJT 41 .20 A3 3.11 .002
SJT4B<--- Al SJT 1.09 58 .14 7.66 <.001
SIT4A<--- A1 SJT -.60 -.34 A2 -5.08  <.001
SIT3C<--- AL SIJT 15 .07 14 1.10 .269
SJT3B<--- Al SJT -.12 -.06 13 -93 350
SJIT3A<--- AI SJT 1.42 .73 .16 8.84 <.001
SIT2C<--- AL SIJT .50 22 14 3.44 <.001
SIT2B<--- Al SJT .20 .09 14 1.48 139
SJIT2A<--- AL SJT 1.41 .80 15 9.29 <.001
SITIC<--- AL SJT 1.353 74 15 8.95 <.001
SIT1B<--- AL SJT 1.323 .69 A5 8.59 <.001
SIT1A<--- AI SJT -282 -.16 A1 -2.48 013

Note. Critical ratio (C.R) >[1.96| and p <.05.



Exploratory Factor Analysis (EFA): Hypothesized Model

An EFA of the hypothesized AI-SJT model was conducted using Maximum Likelihood

extraction method, with a Varimax rotation.

Assumptions

Normality. Normality was first assessed by visually assessing the histograms. This
assessment showed varying levels of positive and negative skew across the items. The majority
of the items followed a general pattern that aligned with the SME ratings of the items. Items
rated as effective by SMEs exhibited a negative skew while items deemed ineffective exhibited a
positive skew. There were exceptions to this pattern that coincide with items that have a large
discrepancy between participant and SME ratings (see Tables 6). Skewness and Kurtosis values
were then assessed. Both fell within acceptable levels indicating that the data exhibited

univariate normality

Multicollinearity. Multicollinearity was assessed through the evaluation of the
correlation matrix (i.e., values over 0.90 indicate multicollinearity [Martinez, 1999 in Perez &

Edgardo, 2014]). The assumption of multicollinearity was passed.

Reliability. Reliability is a measure of the consistency of the measure. Internal reliability
was assessed using Cronbach’s alpha. Cronbach’s alpha is a measure that evaluates covariation
amongst items within the measure (Cronbach, 1951). Cronbach’s alpha for the hypothesized
model was 0.68. This is categorized as questionable and falls below an acceptable threshold. The
failure of the model to reach an acceptable threshold of reliability results in the rejection of

Hypothesis 1b (Hiv: The items SJT1a-SJT8c will exhibit acceptable reliability.).
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Sampling Adequacy. Factorability was first assessed through Kaiser-Meyer-Olkin
(KMO) and Bartlett’s test of sphericity. Data is deemed acceptable for factor analysis is KMO is
greater than .60 and Bartlett’s test of sphericity is significant (Laerd, 2015). KMO was found to
be .73 which is “Middling” but, is deemed acceptable (Kaiser, 1974). The results of Bartlett’s
test is significant (p<.001) rejecting the null hypothesis that the “correlation matrix is an identity
matrix’ (Laerd, 2015). Individual items were then evaluated along the diagonal of the anti-image
correlation matrix. The diagonal of the anti-image matrix represents the KMO measure of each
individual item. It is suggested that items below 0.75 are removed (Field, 2013). The results of
this analysis indicate that 15 of the 24 items should be removed. Only 9 items are suggested to
remain in the analysis. Of those items 8 of the 9 were rated as either a 1 (inefficient) or 2 by the
aviation SMEs during test development (i.e., 1B, 1C, 2A, 3A, 4B, 6A, 7B, and 8B). The only
item that does not fit this grouping is SA which was rated as the best option by SMEs for
scenario 5 but, received the second lowest level of agreement between SME and participant

selections for best response (see Table 5)
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Table 11.

Individual KMO measures from anti-image correlation

Item (AI-SJT) KMO
1A .60
1B .88
1C .85
2A 84
2B A7
2C 54
3A 82
3B 44
3C 48
4A .69
4B .86
4C 67
5A 81
5B 71
5C 50
6A 79
6B 70
6C 50
7A 73
7B .86
7C 58
8A 38
8B 82
8C 35

Note. Values below 0.75 indicate that the item should be removed. Bold
values indicate that they have passed this assumption.



EFA Results: Hypothesized Model

Given the large percentage of variables that were suggested for removal by the
assessment of the anti-image matrix, it was decided to include all of the variables in the initial
EFA and then go through an iterative process of removal that would be guided by both the
theoretical implications of removal as well as the items performance. An Eigenvalue >= 1 was
used as the cutoff for factor inclusion The EFA revealed an initial 8 factor structure. The 8
factors accounted for a cumulative total of 45.04% of the variance (see Table 12). Factor loading
(see Table 13) shows how each item fell within the 8-factor structure. However, inspection of the
scree plot (see Figure 18) reveals only a 2-factor model. Further inspection of the factor loading
showed that the eight “ineffective” items suggested for inclusion by the anti-image correlation
matrix comprised the first factor. The second factor consisted only of two response options to
scenario 5.

Table 12

Hypothesized Model: Rotated Sums of Squares Loadings

Factors % of Variance Cumulative %
1 14.68 14.68
2 5.05 19.73
3 4.86 24.60
4 4.85 29.44
5 4.55 33.99
6 4.26 38.25
7 4.00 42.25
8 2.79 45.04
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Table 13

Hypothesized Model: Rotated Factors Matrix

Item Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Factor 8
SJITIA R |-.198 193 -.001 115 192 263 .059 112
SJITIB R |.693 221 -.028 027 .007 -.097 -015 .044
SITIC R |.757 131 067 -.044 -.020 .009 .015 061
SJIT2A R |.734 .080 -.009 .013 -.108 -.040 286 .070
SJT2B R | .142 135 -.007 .043 745 .109 -.036 -.056
SJT2C R |.207 207 .062 .055 -.615 187 -.074 .075
SJIT3A R |.786 -115 -.028 117 -.134 -.070 107 -.061
SJT3B R | -.100 245 -421 -.194 -.012 472 168 012
SJT3C R |-.028 218 959 A11 -.057 .036 .109 .037
SJIT4A R | -.237 105 .008 .044 -.045 472 -.284 -.367
SJT4B R | .450 .056 .049 .076 .029 -.033 S11 247
SJT4C R |.123 249 .063 .023 .057 -014 -.002 427
SJITSA R |.183 553 .098 .081 .010 -.062 101 .023
SJTSB R |.073 500 .009 .004 .010 -015 041 .064
SJITSC R |.053 -.202 .002 -.035 .004 413 .055 -.097
SJIT6A R | .586 041 -.004 =225 .050 .051 .031 -.069
SJT6B R | .263 222 .003 =241 -.047 206 .035 202
SJT6C R | -.017 134 152 973 .014 011 .022 -.023
SIT7TA R | .242 351 .083 -.018 .000 .022 521 -.149
SJIT7B R |.372 183 .066 .030 184 -.034 225 .016
SJIT7C R | -.119 -.029 .065 .050 -.060 .449 -.339 153
SJITSA R |.002 067 .050 .048 163 .048 077 -.263
SJT8B R |.509 .060 -.010 -.005 .068 - 111 .088 247
SJIT8C R | -.005 116 .048 .010 -.090 .066 .065 135

Note. Factor loadings above +/- .3 are in bold. Extraction Method: Maximum Likelihood.
Rotation Method: Varimax Rotation.
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Figure 18

Hypothesized Model Scree Plot
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Table 14.
Goodness-of-fit Test Exploratory Factor Analysis of Hypothesized AI-SJT Model.

Chi-Square df x2 PCMIN/DF
188.24 112 .000 1.68

Acceptable values are as follows: x2 >=.05; PCMIN/DF < 3.0
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The model then underwent an iterative process of assessment in which items with low
factor loading were removed beginning with the items that did not load on any of the initial 8

items. Throughout the process the theoretical implications of removing each item were

considered prior to removal. The final result revealed a one-factor model with 8 items, consisting

of 8 of the 9 items rated 1 (inefficient) or 2 my SMEs during test development (i.e., SJT1B,

SJT1C, SIT2A, SIT3A, SJIT4B, SJT6A, SJT7B, and SJIT8B).

Hypothesis Implications

Based on the results of EFA items SJT1a-SJT8c did not form a unidimensional model.
Therefore, Hypothesis 1a (Hia: The items SJT1a-SJT8c will form a unidimensional model.) is
rejected.

EFA: AI-SJT Model 2

Assumptions

Normality. Normality was again first assessed through ocular inspection of the
histogram. The histograms for the eight variables all appeared to demonstrate a positive skew.
Inspection of skewness and kurtosis however were again acceptable suggesting univariate

normality.

Multicollinearity. Multicollinearity was again assessed through the evaluation of the
correlation matrix (i.e., values over 0.90 indicate multicollinearity [Martinez, 1999 in Perez &

Edgardo, 2014]). The new model passed the multicollinearity assumption.
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Sampling Adequacy. Factorability was first assessed through Kaiser-Meyer-Olkin
(KMO) and Bartlett’s test of sphericity. KMO must be greater than .60 to be considered
acceptable and Bartlett’s test of sphericity is significant (Laerd, 2015). KMO was found to be .89
which is considered “meritorious” and, deemed acceptable (Kaiser, 1974). The results of
Bartlett’s test is significant (p<.001) rejecting the null hypothesis. Individual items were then
evaluated along the diagonal of the anti-image correlation matrix (see Table 15). The diagonal of
the anti-image matrix represents the KMO measure of each individual item. It is suggested that

items below 0.75 are removed (Field, 2013). All eight items passed the assumption.

Table 15.

Individual KMO measures from anti-image correlation

Item (AI-SJT) KMO
1B 91
1C 87
2A .86
3A .89
4B 90
6A .88
7B 90
&B 92

Note. Values below 0.75 indicate that the item should be removed. Bold
values indicate that they have passed this assumption.

EFA Results: AI-SJT Model 2

An EFA AI-SJT model 2 was conducted using the Maximum Likelihood extraction
method, with a Varimax rotation. Communalities ranged from .245 to .676 (see Table 16). An
Eigenvalue >= 1 was used as the cutoff for factor inclusion The EFA revealed a one-factor
structure that accounted for 42.00% of the variance. Factor loading (see Table 17) shows how

each item loaded onto the one-factor structure. Inspection of the scree plot (see Figure 19) also
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showed a one-factor model. Internal consistency of the AI-SJT Model 2 was also shown to be

acceptable based on Cronbach’s alpha (0.84).

Table 16.
Communalities for Exploratory Factor Analysis of AI-SJT Model 2.

Items Initial Extracted
SJTIB_R 404 464
SJITIC R .503 558
SJT2A R 554 .637
SJT3A R 490 .566
SJT4AB_ R 290 298
SJT6A R 315 319
SJT7B R 193 185
SJT8B R 274 298

Note. Extraction Method: Maximum Likelihood.

Table 17

AI-SJT Model 2: Factors Matrix

Item Factor 1

SJTIB R | .681
SJTIC R |.747
SJT2A R |.798
SJIT3A R |.752
SJT4AB R | .546
SJT6A R |.565
SJT7B_R | .430
SJT8B R | .546
Note. Extraction Method: Maximum Likelihood. Rotation Method: Varimax Rotation.




Figure 19
AI-SJT Model 2 Scree Plot
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Table 18.
Goodness-of-fit Test Exploratory Factor Analysis of Hypothesized AI-SJT Model.

Chi-Square df x2 PCMIN/DF
41.39 20 .003 2.07

Acceptable values are as follows: x2 >=.05; PCMIN/DF < 3.0

AI-SJT Model 2: CFA
After identifying the factor structure through EFA, a CFA was conducted using IBM

SPSS Amos V27., to evaluate the new model structure (AI-SJT Model 2; see Figure 20). It

should be noted that due to the new model structure of the AI-SJT lower scores now indicate
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improved aeronautical decision making (ADM). All eight included items were deemed
ineffective responses and graded 1 or 2. Therefore, the lower the participants rated each item the
more in alignment they are with the correct assessment based on SME evaluation of the

scenarios. Further analysis is this section will reverse-code all eight items to aid in the

interpretability of the findings.
Figure 20

AI-SJT model 2

-

-

| SIT4B R ——Tom)

® O @ O ® O®O®

Note. Items are reverse-coded.

Assumptions.

Outliers. The proposed model was first evaluated for outliers by evaluating Mahalanobis
distance (D?). Participants with D? values distinct from other values and a p <= 0.001 were
identified as possible outliers (Kline, 2016). It was determined that no participants met the outlier

criteria and the analysis proceeded with all 298 participants.
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Normality. Inspection of Skew and Kurtosis indicated that each item exhibited

acceptable univariate normality (see Table 19). Multivariate normality was violated (multivariate

kurtosis = 31.20). Due to this violated assumption Maximum Likelihood was used with a Bollen-

Stine bootstrap sampled 5000 times.

Table 19

Assessment of Normality for CFA AI-SJT Model 2

( AIIt_eSnJlT) Skewness  Kurtosis

1B 1.15 0.25
1C 1.72 1.84
2A 1.26 0.64
3A 1.16 0.24
4B 1.06 0.21
6A 1.13 0.13
7B 0.41 -0.97
&B 1.01 0.03

Multivariate 31.20

Reliability.

Reliability was again assessed using Cronbach’s alpha. Cronbach’s alpha eight item scale

(AI-SJT Model 2) was .84. The o value falls between .8 and .9, which is categorized as good .

Model Evaluation.

An evaluation of Goodness-of-fit (GOF) indices was performed to determine CFA model

fit. A summary of model fit results are shown in Table 20. The overall result showed good Al-

SJT model 2 exhibits model fit for six of the seven included fit indices evaluated.
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Table 20

Model Fit Indices for CFA AI-SJT Model 2

Model Fit Indices AI-SJT Acceptable
(Yes/No)
¥? (p-value) 40.98 (.003) No
PCMIN/DF 2.01 Yes
RMSEA 0.06 Yes
GFI 964 Yes
TLI .960 Yes
CFI 971 Yes
SRMR .038 Yes

Note. Acceptable values are as follows: p>=.05; PCMIN/DF < 3.0 ; RMSEA <= .08; GFI >=
.90; IFI >= .90; TLI >= .90; CFI >= .90, SRMR < .10.

Structural Equation Modeling (SEM): Hypothesized Model

After completion of the CFA for AI-SJT Model 2, an SEM was conducted using IBM

SPSS AMOS V27. The SEM was conducted to evaluate the relationships between constructs.

Figure 21 displays the initial hypothesized SEM Model. The SEM was used to evaluate how the

AI-SJT related to other constructs that corresponded to aeronautical decision making (ADM).
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Figure 21

Hypothesized SEM Model
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Note. ADM = Aeronautical Decision Making; IF = Illusion Familiarity; GFA = General Flight
Risk; HR = High Risk; AR = Altitude Risk. GFA, HR, and AR are all sub scales of the Flight

Risk Perception Scale.
Assumptions.

Outliers/Normality. The evaluation of normality showed that flight hours were severely
nonnormal (see Table 21). Flight hours were then evaluated with a boxplot (see Figure 22), and it

was determined that four outliers were more than three standard deviations (SD = 752.33) above
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Table 21
Assessment of Normality for CFA AI-SJT Model 2

Item Skewness Kurtosis
Flight Hours 7.20 59.20
Cert_Rate .65 -.03
FRPS9 -1.01 .90
FRPS10 -.04 -.38
FRPS11 -23 -41
FRPS12 -78 38
FRPS13 33 =72
FRPS6 -.68 -.04
FRPS7 -41 -.46
FRPS3 -1.13 1.01
FRPS1 2.25 5.13
FRPS2 1.31 2.04
FRPS3 .82 42
FRPS4 1.55 2.32
FRPS5 1.31 1.88
IF False Horizon Illusion -.58 -.98
IF_Runway_Illusions -1.02 .35
IF Leans -25 -1.29
IF Inversion_Illusion 25 -1.27
IF_Elevator Illusion -.03 -1.38
IF_Coriolis_Illusion -.11 -1.33
IF_Black_hole_Illusion -47 -1.21
IF_Autokinesis -.04 -1.43
AI-SIT1B 1.15 24
AI-SJTIC 1.72 1.84
AI-SIT2A 1.26 .64
AL-SIT3A 1.16 24
AI-SIT4B 1.06 21
AI-SJT6A 1.13 13
AI-SIT7B 41 -97
AI-SJT8B 1.01 .03

Note. Certi_Rate: Highest certificate/ rating possessed by the pilot.



Figure 22
Flight Hours Box Plot 1
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Note. Case numbers 23, 42, 101, and 133 are more than three standard deviations above the mean
(outliers > 2599.02 hours).

the mean (M = 342.02 hours). An additional 13 participants were removed after evaluating
Mahalanobis distance (D?). A total of 17 outliers were removed from this analysis leaving a
sample of 281 participants. After the removal of the outlier’s normality was reassessed (see
Table 22). Flight hours remains nonnormal, but this is expected because the sample was intended
to test pilots of different experience levels. Multivariate Normality was also violated
(multivariate kurtosis = 93.96). Due to the violated assumptions normality a Bollen-Stine

bootstrap was performed (Bollen & Stine, 1992).

Model Evaluation. The evaluation of the SEM model followed the same methodology
for assessing goodness-of-fit (GOF) indices as the prior two CFAs. Four of the seven model fit
indices generated acceptable results (see Table 23). The results of the model fit indices indicate

acceptable model fit for the hypothesis model.
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Table 22

Assessment of Normality for CFA AI-SJT Model 2: Outliers removed

Item Skewness Kurtosis

Flight Hours 3.49 12.64
Cert_Rate 46 -.55
FRPS9 -.95 .79
FRPS10 -.04 -.36
FRPS11 -28 -41
FRPS12 -.61 -.20
FRPS13 33 -.69
FRPS6 -.62 -.14
FRPS7 -.39 -.45
FRPS8 -1.05 .82
FRPS1 2.26 5.25
FRPS2 1.20 1.66
FRPS3 .68 20
FRPS4 1.49 2.12
FRPS5 1.15 1.55

IF _False Horizon_Illusion -.55 -1.00
IF_Runway Illusions -.95 .18

IF Leans -.20 -1.30

IF Inversion_Illusion 31 -1.20
IF_Elevator Illusion .02 -1.35

IF_Coriolis_Tllusion -.08 -1.32
IF _Black hole Illusion -41 -1.25
IF_Autokinesis .01 -1.41
AI-SJT1B 1.15 34
AI-SJTIC 1.76 2.06
AI-SIT2A 1.20 49
AI-SJT3A 1.17 .39
AlI-SJT4B 1.07 27
AI-SJT6A 1.12 21
AI-SIT7B 40 -93
AI-SJT8B 1.02 11

Multivariate 93.96
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Table 23

Model Fit Indices for CFA Hypothesized Model

Model Fit Indices AI-SJT Acceptable
(Yes/No)
¥? (p value) 856.23 (.000) No
PCMIN/DF 2.09 Yes
RMSEA 0.06 Yes
GFI .838 No
TLI .886 No
CFI .900 Yes
SRMR .082 Yes

Note. Acceptable values are as follows: p>=.05; PCMIN/DF < 3.0 ; RMSEA <= .08; GFI >=

.90; IFI >= .90; TLI >= .90; CFI >= .90, SRMR < .10.

Hypothesis Testing: SEM Proposed Model. Hypotheses H>-Hs were evaluated using

the proposed SEM model. Relationships are supported as statistically significant if the Critical

Ratio (z-value) is greater than +/- 1.96 and the p-value is significant ( p <.05). The standardized

regression weight (estimates) are also used to as an assessment of the relative strengths of each
hypothesized relationship (see Table 24). Lower AI-SJT scores indicate increased ADM,

therefore, negative estimate and t-values indicate a positive prediction between the indicator

variable and ADM.
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Table 24

Regression Weight Confirmatory Factor Analysis of Hypothesized AI-SJT Model.

Items Estimates Standardized S.E. CR p-value
Estimates (t-value)

ADM < Flight Hours -.001 -45 .00 -6.48 <.001
ADM< Cert_Rate 33 .39 .05 6.62 <.001
ADM&IF -.01 -.02 .03 -0.30 0.77
ADM < General Flight Risk =220 -33 .04 -5.19 <.001
ADM< High Risk 23 .39 .06 4.00 <.001
ADM< Altitude Risk -.11 -.12 .07 -1.55 A2

Note. IF: Illusion Familiarity, ADM: Aeronautical Decision-making. The hypothesis is
accepted when CR (#-value) > |1.96] and p < .05

H;: Flight Hours will positively predict Inflight Illusion ADM. Hypothesis 2 was not
supported. The results show that flight hours negatively predicted Inflight [llusion ADM ¢ = -
6.48 and p = <.001. When flight hours increases by 1 standard deviation (SD), ADM decreases

by .45 SDs.

H3: Certification level will positively predict Inflight Illusion ADM. Hypothesis 3 was
supported. The results show that the participants highest certification/ rating level positively
predicted ADM, ¢ = 6.62 and p = < .001. As certification/ rating level increased by 1 SD ADM

went up by .45 SDs.

Hy: Hllusion Familiarity will positively predict Inflight Illusion ADM. Hypothesis 4 was
not supported. The results show that self-reported familiarity with aviation illusions negatively

predicted Inflight Illusion ADM and that the findings were not significant, ¢ = -.30 and p = .77.
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Hs: Risk perception will positively predict Inflight Illusion ADM. Hypothesis 5 was
partially supported. The results show participants scores on General Flight Risk negatively
predict Inflight Illusion ADM, ¢=-5.19 and p =.79. High Risk, however, did positively predict
ADM, t=4.0 and p = <.001. ADM was found to increase .39 SDs when High Risk scores
increase by one SD. Altitude Risk was shown to not have a significant effect on ADM, ¢=-1.55

p=.12

Structural Equation Modeling (SEM): Exploratory Model

After the evaluation of the hypothesized SEM an exploratory SEM was conducted. The
exploratory SEM removed some of the constructs that were not significantly contributing to the
hypothesized model as well as added modification indices. Figure 23 displays the exploratory

SEM Model.

Figure 23
Exploratory SEM Model
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Assumptions.

Outliers. The model was evaluated for outliers by inspecting Mahalanobis distance (D?).
Eleven outliers were identified to have D? values distinct from other values with a p <= 0.001
and were thus removed from the analysis (Kline, 2016). The removal of the outliers left a sample

of 287 participants.

Normality. Inspection of Skew and Kurtosis indicated FRPS1 exhibited a positive skew.
All other items exhibited acceptable univariate normality (see Table 25). Multivariate normality
was violated (multivariate kurtosis = 57.41). Due to the violated assumption of univariate
normality by FRPS1 and multivariate normality of the model Maximum Likelihood was used

with a Bollen-Stine bootstrap sampled 5000 times.

Model Evaluation. The evaluation of the SEM model followed the same methodology for
assessing goodness-of-fit (GOF) indices as the hypothesized SME. Six of the seven model fit
indices generated acceptable results (see Table 26). The results of the model fit indices indicate
improved model fit over the hypothesis model. Table 27 shows the relationship between ADM

and the constructs in the exploratory model.
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Table 25

Assessment of Normality for Exploratory SEM

Item Skewness Kurtosis
Cert_Rate .60 -.11
FRPS6 -.60 -24
FRPS7 -37 -48
FRPSS8 -1.02 .70
FRPS1 2.27 5.29
FRPS2 1.19 1.63
FRPS3 .65 .14
FRPS4 1.47 2.08
FRPS5 1.16 1.51
SJTIB R -1.15 32
SJTIC R -1.72 1.86
SJT2A R -1.20 48
SJIT3A R -1.19 42
SJT4B R -1.07 28
SJT6A R -1.13 .20
SJIT7B_ R -40 -92
SJT8B_ R -1.01 .08
Multivariate 57.41
Table 26

Model Fit Indices for Exploratory SEM Model

Model Fit Indices AI-SJT Acceptable
(Yes/No)
o .000 No
PCMIN/DF 1.94 Yes
RMSEA 0.057 Yes
GFI 925 Yes
IF1 952 Yes
TLI 937 Yes
CFI 952 Yes

Note. Acceptable values are as follows: x> >=.05; PCMIN/DF < 3.0 ; RMSEA <= .08; GFI >=
.90; IFI >= .90; TLI >= .90; CFI >= .90
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Table 27

Regression Weight Confirmatory Factor Analysis of Exploratory AI-SJT Model.

Items Estimates Standardized  S.E. t-value p-value
Estimates (C.R)

Al SJT<Cert Rate 22 27 .05 4.66 <0.001

Al SJT<High Risk 28 44 .05 5.29 <0.001

Al SJT<General Flight Risk -41 -.60 .05 -7.53 <0.001

Note. The hypothesis is accepted when t-value (Critical ratio) > |1.96| and p <.05

Table 28

Squared Multiple Correlations Confirmatory Factor Analysis of Exploratory AI-SJT Model.

Items Estimates
ADM 49
FRPSI .63
FRPS2 45
FRPS3 7
FRPS4 .82
FRPS5 A48
FRPS6 36
FRPS7 .36
FRPS8 49
SJTIB_R 44
SJITIC R .62
SJIT2A R .61
SJT3A R .60
SJT4AB_ R 28
SJT6A R 34
SJT7B_ R .16
SJT8B R 31
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AI-SJT Best Selection
1- Parameter Logistic model (1PL) - Item Response Theory.

Item Response theory (IRT) is the basis of a series of psychometric analyses that center
around evaluating the item response curve (IRC) (Hambleton et al., 1991). The purpose of the
IPL IRT is to determine how individual participants respond to determine b (item difficulty)
while holding a (item discrimination) constant for each item (Hambleton & Swaminathan, 1985).
For the 1PL IRT, participant responses were graded as a dichotomous assessment of whether the
participant could identify the most effective option. The 1PL IRT was performed using

jMetrik™ (2018).

Item parameters were calculated using a marginal maximum likelihood estimation
(MMLE). Table 29 shows b (item difficulty) for each question. Based on this statistic the most
difficult questions were SJTS and SJT6. This result aligns with the descriptive statistics shown in
Table 5. Table 30 shows item fit statistics for each question. SJIT6 does not fit the IPL IRT (p <
.05). Removal of SJT6 resulted in SJTS not fitting the revised model. Hypothesis 6 (Hg

:Response Selection for SIT1-SJT8 will fit a 1PL- IRT model) was not supported.
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Table 29
[-PL IRT: MMLE Item Parameter Estimates

Items Apar (SE) Bpar (SE)
SJT1 1.00 (0.00) -2.22 (0.18)
SJT2 1.00 (0.00) -0.65 (0.13)
SJT3 1.00 (0.00) 0.18 (0.12)
SJT4 1.00 (0.00) -0.56 (0.13
SJT5 1.00 (0.00) 1.59 (0.15)
SJT6 1.00 (0.00) 1.76 (0.16)
SJT7 1.00 (0.00) -0.90 (0.13)
SJT8 1.00 (0.00) -0.20 (0.12)

Note. Apar (a) parameter measures item
discrimination and is constant in a 1-PL IRT. Bpar (b)
measures item difficulty. Larger Bpar values indicate

more difficult items. SE is standard error.

Table 30
[-PL IRT: MMLE Item Parameter Estimates

Items S-X2 df p-value
SIT1 11.27 6 0.08
SJIT2 7.67 6 0.26
SIT3 2.56 6 0.86
SIT4 3.20 6 0.78
SITS 11.66 6 0.07
SIT6 28.09 6 0.001
SJT7 1.26 6 0.97
SJTS 3.34 6 0.76

Note. S-X2: chi-squared, df: degrees of freedom, item must have

a p value > .05 to fit the model.
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Further Assessment of Best Selection

Certification/Rating. A one-way ANOVA was run to investigate the effects of highest
level of certification/rating on pilots’ performance on the best selection portion of the AI-SJT.
Outliers were identified by ocular inspection of a boxplot (see Figure 24). Outliers constituted
those who were more than three standard deviations away from the mean. One participant was
identified as an outlier (i.e., scoring 0 correct selections) and removed from the analysis, leaving
a sample of 297 participants. Total Correct selections scores were normally distributed within
each group as determined by visual inspection of Q-Q Plots. The assumption of homogeneity of

variance was passed based on an assessment of Levene’s test (p = .620).

The total number of correct selections was not statistically significant across levels of
Certification and Rating, i.e., F(4,291) =2.06, p = .09. Therefore Hypothesis 7 (H7:
Certification/Rating level will positively correlate with AI-SJT Response Selection) was not
supported.

Figure 24
Certification and Rating by Total Correct
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Total Correct

Private Private w/ Commercialw/  CFI/ll w/ Instrument ATP
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Certification and Rating

Note. Case numbers 281 was more than three standard deviations above the mean and removed
from the analysis.
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Table 31
Descriptive Statistics Total Correct on best selection by Certification/Rating

Highest Certification/Rating Total Correct
n M (SD)
Private 84 4.25 (1.25)
Private w/ Instrument 122 4.40 (1.31)
Commercial w/ Instrument 65 3.86 (1.53)
CFU/II w/ Instrument 22 4.36 (1.40)
ATP 4 3.50 (1.29)
Total 297 4.23 (1.36)

Flight Hours. A bivariate correlation was conducted to evaluate the relationship between
flight hours and the number of correctly selected responses to the Best Selection portion of the
AI-SJT. Outliers were assessed using a boxplot. Four participants were more than three standard
deviations over the mean for flight hours. The four participants were identified as outliers and
were removed from the analysis, leaving a sample of 294 participants (see Figure 22). Both
variables were normally distributed, as assessed by Shapiro-Wilk’s test (p > .05). There was a
small negative correlation between flight hours and the number of correctly selected responses, 7
=-.26 (p <.001). Flight hours statistically explained approximately 7% of the variance for the
number of correctly selected responses. Hypothesis 8 (Hs: Flight Hours will positively correlate

with AI-SJT Response Selection.) was not supported.
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Chapter 5: Discussion

The current study described developing and evaluating the Aviation Illusion- Situational
Judgment Test (AI-SJT). The following chapter will review the findings of the study and discuss
the implications of those findings, theoretically and practically. Study limitations, as well as

future research, will also be discussed.
Measure Development and Evaluation

The AI-SJT was developed as a hybrid version of a multiple-response and single-response
situational judgment test. The hybrid method allowed pilots to evaluate the effectiveness of each
response and select which response was most appropriate for each scenario. The AI-SJT was
designed to include some of the most common aviation illusions a pilot may encounter. Prompts,
stems, and response options underwent an iterative design process, including obtaining feedback

from certified flight instructors to ensure content validity.

A series of statistical modeling techniques evaluated the survey for validity and reliability.
The new measure was first evaluated by confirmatory factor analysis. When poor model fit was
discovered, an exploratory factor analysis was performed. A new eight-item unidimensional
structure was established. The new model included eight ineffective response options (i.e.,
scoring 1 or 2 on a Likert scale) by subject matter experts. The new model exhibited good
reliability and model fit. The content validity of the AI-SJT was assessed through structural

equation modeling (SEM). The hypothesized SEM showed an acceptable model fit.

An interesting finding was that the final model consisted solely of response options
deemed ineffective by the domain experts. The model indicates that pilots with more experience

(i.e., pilots with higher certifications/ratings) and better risk perception (i.e., they were able to
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rate more accurately high [High Risk] and low [General Flight Risk] risk scenarios) were more
likely to rate ineffective responses correctly. One possible explanation for this finding could be
that identifying ineffective responses requires more general knowledge. The more experienced
pilots with better risk perception may be able to identify ineffective or potentially dangerous
elements within the ineffective response options that they would not perform during normal
flight operations, regardless of which specific aviation illusion is being described in the prompt.
Conversely, appropriately responding to each scenario may require more nuanced answers
considering the specific aviation illusion described in each scenario. This could indicate either
the pilot’s inability to identify what illusion is occurring in each scenario or their uncertainty in
how to respond to the scenario correctly. Failure in either illusion or response identification
could be attributable to the overall lack of available training on aviation illusions. The absence of
clearly defined procedures for encountering each illusion may also result in a degree of
uncertainty on what the most effective responses should be, which may lead pilots to assign more
conservative estimates of effectiveness to each response option. This response bias may be even

more prevalent given the aviation domain’s overall emphasis on safety.

Overall, the findings indicate that more experienced pilots with better perceptions of risk
are better able to correctly identify ineffective responses to potentially dangerous scenarios

where pilots may encounter aviation illusion inflight.

Hypothesis Testing

See Table 31 for a summary of the proposed hypotheses and the corresponding results.
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Table 31

Summary of Hypothesis Testing

Hypotheses Assessment

Results Findings

Hi.. The items
SJT1a-SJT8c will

Exploratory Factor

fOIjm. a Analysis (EFA)
H,: SIT1a-SJT8¢ unidimensional
are indicators of ~ model.
Inflight Illusion
ADM

Hip: The items
SJT1a-SJT8c will
exhibit acceptable
reliability.

Cronbach’s Alpha (a)

Ha: Flight Hours will positively predict Structural Equation
Inflight Illusion ADM. Model

Hs: Certification level will positively Structul\%i(l]uation
predict Inflight Illusion

Hy: Illusion Familiarity will positively Structural Equation
predict Inflight Illusion ADM. Model

Structural Equation

Hs: Risk perception will positively Model

predict Inflight I1lusion ADM.

He: Response Selection for SIT1-SJT8
will fit a 1PL- IRT model.

I-PL IRT

Hj. Certification/Rating level will
positively correlate with AI-SJT
Response Selection.

One-way ANOVA

Hs. Flight Hours will positively
correlate with AI-SJT Response
Selection.

Pearson's Correlation

A unidimensional model
consisting of SJTIB,
SIT1C, SJIT2A, SJT3A,
SIT4B, SJT6A, SIT7B,
and SJT8B

Hypothesis not supported

Reliability was

questionable Hypothesis not supported

flight hours negatively
predicted Inflight Illusion
ADM

participants highest
certification/ rating level
positively predicted ADM

Hypothesis not supported

Hypothesis supported

Not a significant predictor of Hypothesis not supported

Inflight Illusion ADM
High Risk Perception
positively predicted Inflight
I1lusion ADM. Hypothesis partially
General Risk Perception supported

negatively predicted Inflight
Illusion ADM

SJT6 did not fit the 1PL

IRT model (p < .05) Hypothesis not supported

No significant difference in
Correct selections across
Certification/Rating level

Hypothesis not supported

A negative correlation
existed between flight hours Hypothesis not supported
and response selection
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HI: SJT1a-SJT8c are indicators of Inflight Illusion ADM

Hypothesis one consists of two parts that were not supported by the analysis. The first
component sought to evaluate the structure of the 24 AI-SJT response options. The lack of
support for this hypothesis could be due to the measure evaluating multiple constructs. Unlike
the initial hypothesis that all items would form one unidimensional model, Inflight Illusion ADM
may follow a similar pattern as the structure found in the flight risk perception scale (FRPS),
where the construct may be better defined by a multi-factor model that differentiates between
pilots’ ability to evaluate items at the high and low end as the construct. For example, the FRPS
consists of three factors: General Flight Risk (GFR), which tasks participants with evaluating
low-risk scenarios; High Risk (HR), which tasks participants with evaluating high-risk scenarios;
and Altitude Risk (AR), which includes scenarios of varying levels of risk. Parlaying that
structure to the concept of aviation illusion ADM, the constructs may be better understood by
evaluating pilots’ abilities to accurately evaluate an ineffective, moderately effective, and highly
effective decision separately. The assessment developed from this study provides an adequate
measure for evaluating one of those components of ADM (i.e., the evaluation of ineffective

decisions).

The second part of the first hypothesis looked at the measure's reliability. Given that only a
third of the items were retained for the final measure, it is unsurprising that the overall reliability
of all 24 items was found to be questionable. It should be noted that the final eight-item measure

was found to have good reliability.
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H>: Flight Hours will positively predict Inflight Illusion ADM.

The hypothesis that flight hours would positively predict aeronautical decision-making was
not supported. Flight hours were included in the original SEM model because it is used within
aviation as a general measure of experience. When completing specific certifications and ratings,
pilots are required to obtain a specific number of flight hours prior to completing their training.
Also, specific industries within aviation (i.e., air transport) set flight hours minimums for
employment eligibility. However, flight hours have previously been shown not to be an indicator
of expertise in other aviation categories, such as weather knowledge (Blickensderfer et al.,
2021). Another limitation of flight hours is that they tend to have a significant degree of
variability, which can result in a significant skew of the data. Furthermore, pilots with higher
flight hours may have limited up-to-date training, given that there are no strict requirements for
continuing education once they complete their initial flight training.

Hj3: Certification level will positively predict Inflight Illusion ADM

Hypothesis 3 was supported. Certification and rating level were positive predictors of
Inflight Illusion ADM. Certification and rating levels are used as a measure of the pilot’s
experience and expertise. One reason for this connection between certification and rating level
and expertise is that for each certification and rating obtained by the pilot, they must undergo
both ground and practical flight training that adheres to Federal Aviation Administration (FAA)
regulations. Previous research has demonstrated a positive correlation between higher
certification and rating levels and improved performance in aviation weather knowledge
assessments (Blickensderfer et al., 2021). One potential limitation of using the highest
certification and rating level completed is that it does not consider pilots who are currently

undergoing additional training.
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Hy: Hllusion Familiarity will positively predict Inflight Illusion ADM.

The hypothesized positive correlation between illusion familiarity and Inflight [llusion
ADM was not supported. It was believed that pilots would be more familiar with the illusions
and more capable of accurately evaluating the scenarios. However, illusion familiarity may not
have resulted in a positive prediction because a significant portion of the training and provided
materials by the FAA is primarily focused on being able to define each illusion. This training
may not significantly improve pilots’ ability to respond to each illusion, creating an environment
where pilots are familiar with each illusion without being aware of how to respond when

encountering each illusion.
HS5: Risk perception will positively predict Inflight Illusion ADM.

The hypothesis that risk perception would positively predict Inflight Illusion ADM was
only partially supported in the hypothesized SEM. This can be attributed to the respecification of
the AI-SJT. The final version of the AI-SJT only included pilots' evaluations of ineffective
response options. Therefore, pilots who rated the effectiveness of the responses high did worse
on the measure. The Flight Risk Perception Scale (FRPS) used to measure pilots' risk perception
in the study includes three subscales (General Risk, High Risk, and Altitude Risks). Items within
the General Risk subscale asked pilots to rate the risk associated with low-risk flight scenarios.
Items within the High-Risk subscale asked pilots to rate the risk associated with high-risk
scenarios. Finally, the Altitude Risk subscales asked pilots to rate the risk of scenario that varied
in risk level depending on the altitude they were set (e.g., what is the risk of this flight at 500 feet

above ground level (ft AGL)?; What is the risk of the same flight at 3,500 ft AGL?). Based on
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the content of these subscales, the finding's partial validation aligns with the purpose of the new
AI-SJT model. Pilots who attributed more risk to general flight scenarios in the FRPS also
perceived ineffective response options in the AI-SJT as more effective. Conversely, pilots who
accurately perceived high-risk scenarios in the FRPS as higher risk were more likely to
accurately score in evaluating less effective response options on the AI-SJT as ineffective.
Finally, the Altitude Risk subscale demonstrated that it did not make significant predictions

because it sampled questions with a range of risk levels.

H6: Response Selection for SJTI1-SJT8 will fit a 1PL- IRT model.

The hypothesis response selection for SJT1-SJT8 would fit a 1PL- IRT model, but it was
not supported. For this hypothesis, only the consideration of which response option each pilot
selected as the best of the three responses was considered. One limitation of this type of measure
is that pilots must select a response option regardless of whether they may have perceived two
response options to have a similar level of effectiveness. This availability of other acceptable
alternatives may have played a role in item 6 not fitting the model. Response option C for
question 6 was rated a four out of five for effectiveness in SMEs and received the majority of

selections as the best response.

Additionally, the correct answer, as assigned by the SMEs, involved the pilot tilting and
moving their head to overcome the illusion. While this is an appropriate response when
encountering autokinesis, it would be ineffective and possibly dangerous when responding to
other illusions (e.g., Coriolis's illusion). Pilots who could not accurately recognize the illusion in
the scenario may have rated that response option lower due to its negative association with other

aviation allusion scenarios.
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H7: Certification/Rating level will positively correlate with AI-SJT Response Selection.

The hypothesis that certification and reading level would positively correlate with AI-SJT
Response selection was also not supported. Some limitations that may have contributed to this
finding include the previously stated requirement for participants to select only one response
option regardless of the possibility of a second acceptable response. Furthermore, the unequal
distribution of participants across certification and rating levels limited the ability to assess some
more advanced certification and rating levels. Only four participants had an Airline Transport

Pilot (ATP) certificate, the highest level of certification included in the study.

H8: Flight Hours will positively correlate with AI-SJT Response Selection.

The hypothesis that flight hours would positively correlate with AI-SJT response selection
was also not accepted. As was the case with hypothesis 2 (H2), these findings may be partly
attributable to the limited success of measuring aviation expertise through flight hours
(Blickensderfer et al., 2021) and the high degree of variability in pilots flight hours. The findings
could also result from pilots’ difficulty identifying the most effective response option across the

sample.

Theoretical Implications

This study created a novel measure of a pilot’s aeronautical decision-making during
simulated encounters with aviation illusions while inflight using situational judgment tests. This
study makes two significant contributions to the literature. First, the study assesses a hybrid
multiple-response/single-response situational judgment test. SITs are often designed to require
participants to rate the effectiveness of one option (SRSJT) or rank/select the best or worst

option (MRSJT). This study followed the development and evaluation of an SJT measure that
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required participants to rate the effectiveness of individual response options. It also provided
multiple response options for each stem and required participants to select the most effective

option.

Secondly, this study provided a case study of developing a situational judgment test within
the aviation domain. SJTs have remained relatively rare within aviation, except for Hunter’s
Pilot Judgment Test (PJT) and its derivatives (2003). Furthermore, the PJT aimed to measure
pilots’ overall judgment. The AI-SJT provides an example of developing a measure to evaluate a

pilot’s judgment in targeted high-risk situations.

Practical Implications

From a practical perspective, this study provides a measure that can be used to evaluate
future aviation illusion training. While it is limited to evaluating pilots’ ability to access
ineffective responses accurately, it is a step towards evaluating pilots’ decision-making during
encounters with aviation illusions. Aviation illusions are a known causal factor for accidents and
mishaps that result in pilots experiencing spatial disorientation (SD) inflight (Patterson et al.,
2013; Sanchez-Tena et al., 2018). Across general aviation and military operations, spatial
disorientation has remained a consistent problem for almost 100 years (Gibb et al., 2010).
Despite improvements in training safety and overall equipment, aviation illusions and spatial
disorientation still result in a high fatality rate, especially in cases where decision-making is also

listed as a factor (Kalagher & de Voogt, 2022).

A significant portion of the current training and information on aviation illusions being
provided to pilots focuses on the anatomy and physiology of the sensory systems instead of

information that aids pilots in anticipating when these events will occur and how to respond
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appropriately (Cheung, 2013). While it has been suggested that simulation-based training and
instruction on how to “anticipate, avoid, and counteract” aviation illusion and spatial
disorientation should be added to pilots’ training curriculum, there currently are no validated
measures for evaluating pilots’ decision-making when encountering aviation illusions (Gibb et

al., 2010; Cheung, 2013).

The measure developed and evaluated as part of this study provides an important tool that
can help fill the need to evaluate both pilots’ decision-making and be used as part of a pre- and

post- training evaluation of the effectiveness of different training methods.

Limitations

A few limitations affect the generalizability of these findings: The sample is a convenient
sample that may not be representative of general aviation (GA) pilots as a whole. Additionally,
many sample participants included low-hour pilots who received training at Part 141 Collegiate
institutions. Low-hour pilots could differ from the general GA population in several ways. Many
pilots could be training for another certification, and even those who are not may have completed
their training more recently. Part 141 Collegiate training is more regulated, and pilots may take

additional aviation classes as part of their program.

Another limitation of the research is the need for a reliable measure of pilot experience
level. The traditional measures of pilot experience (i.e., flight hours and certification/ rating
level) were used in the study; however, these measures need more nuance. For example, a pilot
may be a retired airline pilot with tens of thousands of flight hours that now primarily operates
within general aviation. According to traditional measures of pilot experience, that pilot would

be very experienced (i.e., a high number of flight hours and advanced certifications); however,
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airlines operate primarily at high altitudes above most weather systems, and most often, the flight
planning is conducted by a specialist rather than the pilot. Therefore, the described pilot, who
appears highly experienced, maybe less experienced with essential aspects of general aviation

operations.

The measures used in the model also limit the study's results. All of the measures
included in the study rely on self-report data, which can be subject to bias (Brenner &
DeLamater, 2016). Furthermore, because the pilots were being asked to evaluate scenarios as
part of a study on aviation illusions, they may have been primed to scrutinize the scenarios more
than they would if they encountered them inflight. Looking at the flight risk perception scale
(FRPS), the contents of the altitude risk subscale limited the measure's overall effectiveness. The
general flight risk component tasked pilots with rating the risk involved with every day flights
that should equate to the minimum risk of any flight operation. The High Risk (HR) section
poses flight scenarios with elevated risk, which should correspond to higher risk perceptions by
the respondents. However, the Altitude Risk (AR) component comprised five questions centered
around two flight scenarios where the pilots were queried about the level of risk evolved in this
scenario at either two or three different altitudes. The construction of this subscale resulted in an

element that did not have a consistent risk level.

A limitation of the IRT model was the reliance on best selection. The best choice was
selected for this study because it requires fewer participants for the corresponding IRT analysis.
However, other SJT evaluation methods (i.e., ranking) are all for a fuller assessment of the
participants' perceptions of the response options. In conjunction with a ranking assessment,
including more response options or scenarios per illusion would allow for a more thorough

evaluation of each illusion and increase the number of items to allow for a potential two-
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parameter logistical (2-PL) IRT model to be evaluated. Conversely, increasing response options

per scenario would increase the difficulty of selecting the best response.

Another limitation of the AI-SJT is the unequal dispersion of response option
effectiveness. For example, scenario one (leans) included one response option rated five and two
responsive options rated 1. This scenario had the highest percentage of correct selections. In
scenarios with more effective alternatives (i.e., having an SME rating of 3 or 4), the percentage

of pilots selected the best option was reduced.

Future Research

Given the novelty of situational judgment tests within the aviation domain and specifically
within the scope of aviation illusions, there is significant potential for future research. Some
potential areas for future research involve the development of best practices for situational
judgment tests within aviation, expanding the current aviation illusion- situational judgment test

(AI-SJT), and developing SJTs for other high-risk scenarios.

Best Practices

Most of the best practices developed for SJT are evaluated from the hiring perspective. The
best practices developed from these studies may not hold when used within a training context.
SJTs within the hiring context are often designed to evaluate latent variables such as teamwork
or overall decision-making. When evaluating these larger-scoped traits, there has been some
debate about whether they measure overall situational judgment. Refining the focus to more
specific targets may allow for a more impactful evaluation with corresponding correct/incorrect
answers. The change in scope and domain may also require reevaluating the best practices

developed for a very different task than hiring. Some of the elements that should be tested
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include a comparison of single-response, multiple-response, and hybrid tests, an assessment of
the impact of the number of response options included on multiple-response tests, and an
evaluation of the influence of fidelity (i.e., text vs. video). Additionally, the expansion into
aviation opens SJTs to the possibility of incorporating more advanced technology into the

assessments, such as virtual reality, augmented reality, and flight simulators.

AI-SJT Future Research

Future research for the AI-SJT should focus on refining and improving the measure. As
currently constituted, the AI-SJT could be used to evaluate pilot’s decision-making during
encounters with aviation illusions. However, the 8-item measure defined in this study is limited
to evaluating a pilot’s ability to access incorrect actions. Future research should focus on refining
the measures’ sensitivity to assessing a pilot’s ability to access/identify correct actions during
these scenarios. The high accident rate associated with aviation illusions and the overall low
scores for items identified as highly effective by SMEs indicates that lack of proper decision-
making during illusions encounters may be an issue across experience levels. Therefore, it may
be more appropriate to test the AI-SJT measure pre/post the implementation of training to
evaluate the measure. The measure may also benefit from balancing the response options to
provide a more consistent spread of effectiveness levels (i.e., a response rated 1, 3, and 5 for each

scenario).

In terms of the measure as currently constituted, further evaluation of the 8-item AI-SJT
should begin with replicating the study’s findings with additional samples to validate the factor
structure further. Although the final model of the AI-SJT only included 8-item use and

replication of the current measure, it should still have the other items for the scenarios as they
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may serve as distractors for the assessed item. Question 5, however, could be dropped or altered

because no items from that scenario are included in the final model.

Exploring of High-Risk Scenarios

While the AI-SJT is currently designed to evaluate illusions common amongst general
aviation operations, given the accident history within military aviation, a measure should be
created to evaluate operations within that specific context. The new measure should be adapted
to include scenarios and illusions prevalent within military operations. Further analysis of

military accidents should dictate which illusions are included in the new measure.

The current AI-SJT is also designed to evaluate the pilot’s ADM within particular
parameters. Other areas of ADM should also be evaluated both in and out of the cockpit. As
previously mentioned, this could include expanding into looking at military operations as well as
commercial operations. SJIT Assessments could also be incorporated into different aspects of

training for air traffic controllers, healthcare workers, and other high-risk operations.
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Appendix A.

Demographic Survey
e Which gender do you most closely identify with?
o Male
o Female
o Other
o Prefer not to say
e What is your current age? (Please answer in numerical form. For example: 56):
e Are you affiliated with Embry-Riddle Aeronautical University (ERAU)?
o Iam Not affiliated with ERAU
o Iam currently an ERAU student
o I am currently a member of the ERAU faculty or staff
o ERAU Alumni
e What is the highest current pilot certificate you hold?
o Private

o Commercial

o CFI/CFII
o ATP
o Other

e Do you process an instrument rating? (If you are ATP, please answer yes)
o Yes
o No
e Where did you complete the majority of your flight training?
o Part 61 (Local FBO)
o Part 141 Collegiate
o Part 141 Non-Collegiate
o Military
o International

e Total Flight Hours:

e Total Years Flying:
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Appendix B.

Situational Judgment Test
Instructions: For the following scenarios, RATE the effectiveness of each of the provided
responses on a scale of 1 (Ineffective) to 5 (Effective) and select the MOST EFFECTIVE
option for each scenario.

Scenario 1:

You slowly enter a 20-degree banking turn to the right. After approximately a minute, you begin
to roll out to wings level but feel as if you are entering a left-hand turn. RATE the effectiveness
of the following responses to this situation

a. Maintain your current heading and pitch attitude, align your aircraft with the horizon,

then check the attitude indicator.
1 2 3 4 5

Ineffective O O O O O Effective

b. Turn the aircraft to the right until you feel as though you are straight and level, align
your aircraft with the horizon, then check the attitude indicator.

1 2 3 4 5

Ineffective O O O O O Effective

c. Turn the aircraft to the right until you feel as though you are straight and level, then
quickly turn your head and look for landmarks to orient yourself.

1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?
a. Maintain your current heading and pitch attitude, align your aircraft with the
horizon, then check the attitude indicator.
b. Turn the aircraft to the right until you feel as though you are straight and level, align
your aircraft with the horizon, then check the attitude indicator.
c. Turn the aircraft to the right until you feel as though you are straight and level, then
quickly turn your head and look for landmarks to orient yourself.

Illusion: Leans
SME Answer: A
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Scenario 2:

During a cross country flight, you inadvertently fly into instrument meteorological conditions.
ATC instructs you to turn from a heading of 360 to 180. During the turn you drop your tablet and
quickly bend down to retrieve it, suddenly you begin to feel as though your aircraft is tumbling.
RATE the effectiveness of the following responses to this situation.

Slowly raise back up, sit in a neutral position, increase to full throttle, and pitch the
nose down.

1 2 3 4 S

Ineffective O O O O O Effective

Slowly raise back up to a neutral position, orient the aircraft until you feel as though
you are straight and level, then cross-check your attitude indicator, heading
coordinator, and turn coordinator.

1 2 3 4 5

Ineffective O O O O O Effective

Slowly raise back up to a neutral position, reduce power, level wings, and raise the
nose to level flight.

1 2 3 4 5

Ineffective O O O O O Effective 3

Which of the following options is the most effective response to the scenario?

a.

Slowly raise back up, sit in a neutral position, increase to full throttle, and pitch the
nose down.

Slowly raise back up to a neutral position, orient the aircraft until you feel as
though you are straight and level, then cross-check your attitude indicator,
heading coordinator, and turn coordinator.

Slowly raise back up to a neutral position, reduce power, level wings, and raise the nose
to level flight.

Illusion: Coriolis Illusion
SME Answer: B
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Scenario 3:

As you climb from 5000ft to 7000ft you notice that you have overshot your intended altitude and

quickly leveled off. Upon leveling off you suddenly begin to feel the aircraft tumbling

backwards. RATE the effectiveness of the following responses to this situation.

a. Increase to full throttle, pitch the nose down, and monitor the altimeter and airspeed

indicator

1 2 3 4 5

Ineffective O O O O O Effective

b. Check your attitude indicator and maintain your current altitude
1 2 3 4 5

Ineffective O O O O O Effective

c. Reduce power, level wings, and descend to 70001t

1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?

a. Increase to full throttle, pitch the nose down, and monitor the altimeter and airspeed

indicator
b. Check your attitude indicator and maintain your current altitude

¢. Reduce power, level wings, and descend to 70001t

INlusion: Inversion Illusion
SME Answer: B
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Scenario 4:

After takeoff, you maintain a constant rate of climb as you ascend to your intended en route

altitude. However, even though you can see on the instruments that you are still climbing, you
begin to feel as though you are not climbing. When your aircraft levels off you begin to feel as
though you are descending. RATE the effectiveness of the following responses to this situation.

a. Check your altimeter and maintain your current altitude

1 2 3 4 5

Ineffective O O O O O Effective

b. Increase the throttle. Pull nose up, check your altimeter

1 2 3 4 5

Ineffective O O O O O Effective

c. Look for visual reference points and cross-check your altimeter

1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?
a. Check your altimeter and maintain your current altitude

b. Increase the throttle. Pull nose up, check your altimeter

c. Look for visual reference points and cross-check your altimeter

Illusion: Elevator Illusion

SME Answer: A
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Scenario

5:

You are flying above a cloud layer while on a night cross-country flight. During the en route
portion of the flight, you look at your altimeter and notice that you have unknowingly descended
1000 feet. RATE the effectiveness of the following responses to this situation.

a.

Pitch nose up, climb 1000 feet to your original altitude, and monitor altimeter

1 2 3 4 5

Ineffective O O O O O Effective

Pitch nose up, check your altimeter setting, and climb 1000 feet to your original
altitude

1 2 3 4 5

Ineffective O O O O O Effective

Check your attitude indicator, adjust the trim of the aircraft, and climb 1000 feet to
your original altitude

1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?

a.
b.

C.

Illusion:

Pitch nose up, climb 1000 feet to your original altitude, and monitor altimeter
Pitch nose up, check your altimeter setting, and climb 1000 feet to your original altitude

Check your attitude indicator, adjust the trim of the aircraft, and climb 1000 feet to your
original altitude

False Horizon

SME Answer: A
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Scenario 6:

While on a cross-country flight at night, a light catches your eye in the distance. You are unable
to tell the origin of the light and after about 10 seconds the light begins to move. As you continue
to watch the light, it continues to move more and more. RATE the effectiveness of the following
responses to this situation.

a. Orient the aircraft so that the light is in a stable position in the night sky
1 2 3 4 5

Ineffective O O O O O Effective

b. Slowly tilt and move your head and look at it from a different angle

1 2 3 4 5

Ineffective O O O O O Effective

c. Look for signs that indicate whether the light is coming from another aircraft
1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?
a. Orient the aircraft so that the light is in a stable position in the night sky

b. Slowly tilt and move your head and look at it from a different angle

c. Look for signs that indicate whether the light is coming from another aircraft

Illusion: Autokinesis

SME Answer: B
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Scenario 7:

You decided to change course and divert due to the weather. As a result, you decide to land at a
nearby non-towered airport that you have never visited before. As you near the runway on a final
straight in landing, you notice that you appear to be higher than indicated on your altimeter.
RATE the effectiveness of the following responses to this situation.

a. Pitch the aircraft nose down to decrease altitude, look for other points of reference

near the runway, and routinely monitor your altimeter
1 2 3 4 5

Ineffective O O O O O Effective

b. Induce a forward slip to decrease attitude and look for other points of reference near

the runway.
1 2 3 4 5

Ineffective O O O O O Effective

c. Break off approach and maneuver to pattern altitude and enter the traffic pattern, look

for other points of reference near the runway, and monitor your altimeter
1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?
a. Pitch the aircraft nose down to decrease altitude, look for other points of reference near
the runway, and routinely monitor your altimeter
b. Induce a forward slip to decrease attitude and look for other points of reference near the
runway.
¢. Break off approach and maneuver to pattern altitude and enter the traffic pattern,
look for other points of reference near the runway, and monitor your altimeter

Ilusion: Runway Illusions

SME Answer: C
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Scenario &:

It is a moonless night, and you are approaching your destination airport coming in over a large
lake. During your descent, you notice you appear to be coming in at too high an altitude and
above your intended glide path. RATE the effectiveness of the following responses to this
situation.

a. Increase your rate of descent until you appear to be back on your intended glide path,
continue to descend at a constant rate as you routinely monitor your altimeter

1 2 3 4 5

Ineffective O O O O O Effective

b. Climb to your en route altitude, fly to the airport, then induce a forward slip to
decrease attitude and enter the traffic pattern

1 2 3 4 5

Ineffective O O O O O Effective

c. Increase your rate of descent to descend to the pattern altitude and enter the traffic

pattern
1 2 3 4 5

Ineffective O O O O O Effective

Which of the following options is the most effective response to the scenario?

a. Increase your rate of descent until you appear to be back on your intended glide
path, continue to descend at a constant rate as you routinely monitor your
altimeter

b. Climb to your en route altitude, fly to the airport, then induce a forward slip to decrease
attitude and enter the traffic pattern

c. Increase your rate of descent to descend to the pattern altitude and enter the traffic
pattern

Illusion: Black Hole Illusion
SME Answer: A
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Appendix C.

Modified Flight Risk Perception Scale (FRPS).

Instructions: Please rate the level of risk present in the situation if YOU were to
experience the situation tomorrow. Responses are provided on a scale from 1 (Low Risk) to 9
(High Risk).

Flight Risk Perception Scale
General Flight Risk

1. During the daytime, fly from your local airport to another airport about 150 miles away,
in clear weather, in a well-maintained aircraft.
2. Make a two-hour cross-country flight with friends, after checking your weight and

balance.

(98]

. At night, take a cross-country flight in which you land with over an hour of fuel

remaining.

AN

. During the daytime, take a cross-country flight in which you land with over an hour of

fuel remaining.

)]

. At night, fly from your local airport to another airport about 150 miles away, in clear
weather, in a well-maintained aircraft.

High Risk

6. Fly in clear air at 6,500 feet between two thunderstorms about 25 miles apart.

7. Make a traffic pattern so that you end up turning for final with about a 45-degree bank.

8. Make a two-hour cross-country flight with friends, without checking your weight and
balance.

Altitude Risk

9. Fly across a large lake or inlet at 500 feet above ground level.

10. Take a two-hour sightseeing flight over an area of wooded valleys and hills, at 3,000
above ground level.

11. Fly across a large lake or inlet at 1,500 feet above ground level.

12. Take a two-hour sightseeing flight over an area of wooded valleys and hills, at 1,000

above ground level.

13. Fly across a large lake or inlet at 3,500 feet above ground level.
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Appendix D.

Illusion Familiarity (IF) Survey.
Instructions: Please rate your overall familiarity with the following illusions from,

1 (Not at all Familiar) to 5 (Very Familiar).

Aviation Illusion Familiarity
1 (Not at all Familiar) to

5 (Very Familiar)

Autokinesis

Black hole illusion

Coriolis [lusion

Elevator Illusion

False Horizon

Inversion Illusion

Leans

Runway Illusions
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