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: Spatial disorientation is aviation s top pilot-killer and

remains a serious drain on military air force resources.
Spatial disorientation is a condition in which an aircraft
pilot’ s perception of direction does not agree with reality
or loss of situational awareness. Pilots operate the
aircraft based on wrong sense lead to incorrect information
sent to the brain may jeopardize flight safety. Each
developed country has been devoted to recognize the complex
and confound factors which cause spatial disorientation.
This proposal investigates the military aircrews ability
to overcome the spatial disorientation with gender and
analyzes whether the differences between genders has an
impact on the definition of an effective training
facilities and items. Regarding the analysis of physical
ability, this proposal will use the retrospective survey to
analyze the training records of spatial disorientation
trainer (DISO) in Aviation Physiology Research Laboratory,
Gangshan Armed Forces Hospital. General physiological
parameter (gender) and training results are analyzed and
compared using dichotomous Item response theory models, so
as to connect the gender and the physical ability
measurement of spatial disorientation trainer. Regarding
the analysis of physiological ability, questionnaires will
be used to assess the source of spatial disorientation for
aircrews in taking DISO training and measure the trainees’
ability to overcome spatial disorientation. Factors that
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impact aircrews’ DISO training will be decomposed into
several constructs by factor analysis and these constructs
1s further taken as basis for implementing improvement. The
polytomous partial credit model of Item response theory is
the kernel with the joint maximum likelihood estimation
adopted as procedures paradigm for estimating the
difficulty of particular triggering source and trainee
ability in overcoming spatial disorientation training. The
results of this proposal is to regulate efficient training
equipment and program of DISO in accordance with genders
and effectively reinforce the trainees’ ability to improve
training quality and ensure flight safety.

Spatial disorientation; Item response theory; Gender
difference
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Abstract

Spatial disorientation is aviation’s top pilot-killer and remains a serious drain on military air
force resources. Spatial disorientation is a condition in which an aircraft pilot's perception of
direction does not agree with reality or loss of situational awareness. Pilots operate the aircraft
based on wrong sense lead to incorrect information sent to the brain may jeopardize flight
safety. Each developed country has been devoted to recognize the complex and confound factors
which cause spatial disorientation. This proposal investigates the military aircrews’ ability to
overcome the spatial disorientation with gender and analyzes whether the differences between
genders has an impact on the definition of an effective training facilities and items. Regarding
the analysis of physical ability, this proposal will use the retrospective survey to analyze the
training records of spatial disorientation trainer (DISO) in Aviation Physiology Research
Laboratory, Gangshan Armed Forces Hospital. General physiological parameter (gender) and



training results are analyzed and compared using dichotomous Item response theory models, so
as to connect the gender and the physical ability measurement of spatial disorientation trainer.
Regarding the analysis of physiological ability, questionnaires will be used to assess the source
of spatial disorientation for aircrews in taking DISO training and measure the trainees’ ability to
overcome spatial disorientation. Factors that impact aircrews’ DISO training will be
decomposed into several constructs by factor analysis and these constructs is further taken as
basis for implementing improvement. The polytomous partial credit model of Item response
theory is the kernel with the joint maximum likelihood estimation adopted as procedures
paradigm for estimating the difficulty of particular triggering source and trainee ability in
overcoming spatial disorientation training. The results of this proposal is to regulate efficient
training equipment and program of DISO in accordance with genders and effectively reinforce
the trainees’ ability to improve training quality and ensure flight safety.

Keywords: Spatial disorientation; Item response theory; Gender difference.
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The Taiwan's Defense Ministry announced on November 7, 2017 that a Mirage-2000 combat jet
had lost contact during a drill off the island's northeast coast. The missing pilot may have
experienced spatial disorientation (SD) when the aircraft entered dense low clouds. SD is the
inability to correctly interpret aircraft attitude, altitude or airspeed in relation to the earth or
other points of reference (McGraph, Rupert & Guedry, 2003; Newman & Faicd, 2007). On April
25,2014, an AH-64E helicopter of the Taiwanese Army crashed and the cause judged to be the
Coriolis illusion, an apparent deflection of an object’s path that moves within a rotating
coordinate system. The Coriolis illusion caused by making a quick head movement during a
constant rate turn that has ceased stimulating the inner ear leads to SD (Martinussen & Hunter,
2017).

SD in flight wastes hundreds of millions of dollars worth of defense capability annually
and continues to kill aircrew (Gillingham, 1992). 44% of Canadian Forces’ pilots have reported
experiencing SD, of whom 10% have experienced more than three episodes (Cheung et al.,
1995). A survey of U.S. Army rotary-wing operations found that 78% of aircrews had been
disoriented and 8% to the extent that flight safety was threatened (Braithwaite et al., 1998). SD
has been blamed for 20% of all fatal mishaps in military aviation (Previc & Ercoline, 2004). SD
cost the U.S. Army $308,887,000 and 78 lives between 1987 - 1992 (Durnford et al., 1995).
Gaydos et al. (2012) reported that 100 aviation accidents, ranging from A to C class in the U.S.
Army between 2002 and 2011, were related to SD. SD was also the cause of 31% of deaths in
helicopter accidents. Between 1990 and 2000, SD causing share of Class A aviation accidents

(involving total cost of property damage over US$2 million, death, full incapacitation for a



lifetime, or destroyed, missing, or abandoned aircrafts) increased from 20% to 33%, with the
mortality rate approaching 100% (Gibb et al., 2011).

A significant factor in a large percentage of military Class A aviation mishaps, erroneous
orientation messaging or the loss of grip during flight cause pilots to operate their aircrafts using
erroneous sensual messages. Disorientation presents to a pilot in two ways: either there is a
sense of confusion about the attitude of the aircraft on account of deteriorating visual
information and an awareness of conflicting sensations, or everything feels as expected until
there is a sudden realization that the aircraft is not in the attitude or position that was intended to
be (Stott, 2013). Spatial orientation is the result of complex compound factors and has been a
major subject of study in industrially developed nations (Nascimento, Majumdar & Jarvis,
2012). SD occurrence may be influenced by several factors, including aircraft type, time of day,
flight conditions and mission profiles (Takada et al., 2009). Poisson and Miller (2014) found 72
U.S. Air Force accidents due to SD caused 101 deaths and the loss of 65 aircraft at a total cost of
US §$ 2.32 billion. Mishap rates for F-16 fighter/attack aircraft were marginally higher than for
other fighter/attack aircraft, and casualty rates for F-16 fighter/attack aircrafts were higher than
for other models. Holland & Freeman (1995) and Gillingham (1992) attributed the higher SD
rate for F-16 pilots than other models’ pilots to the design of the F-16’s cockpit canopy and its
head-up display (HUD).

The study probed the contribution of cockpit layout and design to Taiwanese air force jet
pilots’ SD in order to reduce the risk of triggering SD. The study took into account differences in
subjects’ ability to cope with SD triggers, resorting to the Rasch model for measurements. The
study objective was to measure combat jet pilots’ ability to cope with SD triggered by cockpit
layout and design in order to improve pilots’ SD training quality and skills to anticipate and
assess SD risk factors and thereby ensure flight safety. The study first interviewed aviation
physiologists, medical and medical-engineering experts, and pilots to identify possible factors
contributing to pilots’ SD before formulating the study questionnaire. The Rasch model was
subsequently employed to measure pilots’ ability to cope with mechanical designs triggering

SD. Conclusions were drawn from the study findings and future areas of research proposed.

Approach to assessing ability

In this study, we employed a polytomous Rasch model to estimate combat jet pilots’ ability to
cope with SD triggered by cockpit layout and design using data obtained from their responses to

a questionnaire. The purpose of employing the model was to obtain measurements from



categorical response data. The study first identified possible factors for pilots’ SD via interviews
with aviation physiologists, pilots, and medical-engineering experts, and then reviewed the
literature on SD-trigger items to formulate the questionnaire, which was distributed to pilots of

mainstay combat jets in Taiwan.

Rating scales and Likert scales are popular psychological measurement scales that depend
on human judgment (Nunnally and Bernstein, 1994). Likert scales, which use a standard set of
response options representing the degree of agreement instead of descriptive terms, do not differ
fundamentally from rating scales. Both Likert scales and rating scales assume that the human
observer is capable of quantitative observation and assigning numbers to reflect the degree of
agreement/disagreement with the statements being measured (Hopkins, Stanley and Hopkins,
1990). The merits of rating scales include conciseness, time efficiency, scope of application, and
ease of use. However, they are criticized for being too simplistic. First, the raw scores of a rating
scale fail to meaningfully measure objects. To obtain objective and meaningful measurements,
raw scores must be transformed into linear measures to enable subsequent analysis and inference
(Wright and Masters, 1982). Second, without clear and mutually exclusive distinctions, the
options provided by rating scales can be viewed as linguistic variables. Without clear definitions
of the variables, performing arithmetic on linguistic variables exceeds the capability of
traditional binary crisp logic. The Rasch model was therefore the preferred method of

measurement.

The Rasch model
Rasch (1960) developed the dichotomous Rasch measurement model, which is frequently
considered an item response theory (IRT) model with a one item parameter. Rasch models are
built on two basic concepts: 1) a person with greater ability than another person should have a
greater probability of solving any item in a tes; and 2) one item being more difficult than another
item means that for any person the probability of solving the second item is greater. Rasch
models are used for analyzing data from assessments that measure items such as ability, attitude,
and personality traits. Rasch models are employed frequently in psychometrics, the field
concerned with the theory and technique of psychological and educational measurement.
Application of Rasch models can also provide information as to how well assessment questions
or items measure a specific ability or trait. The IRT and Rasch models are frameworks
commonly adopted to examine and evaluate the measurement quality of pilot training or crew
resource management (Veldhuis et al., 2012).

In the Rasch model, the probability of a specified response (e.g. right/wrong answer) is
modeled as a function of the person and item parameters. Specifically, in the dichotomous Rasch
model, the probability of a correct response is modeled as a logistic function of the difference

between person ability and item difficulty. In this study, each combat jet pilot 9 hada unique



ability, % , that represented their capability to cope with the SD trigger associated with cockpit
layout and design. Each item | hada difficulty level, 2 , that represented the difficulty
combat jet pilots had in coping with the SD trigger caused by item | In the Rasch model, the
combat jet pilot’s ability, % , and the item difficulty, Z , were calibrated on the same scale. If
the ability of aircrew 9 was greater than the difficulty of item i (6, - p,>0), then the
probability of correct response is greater than 0.5. If 6, — f; <0, then the probability of correct
response was less than 0.5. If 6, — S, =0, then the probability of correct response was equal to
0.5.

The polytomous Rasch model

The polytomous Rasch model (Andrich 1978; 1979) is a generalization of the dichotomous
model, where successively higher integer scores represent the increasing level or magnitude of a
latent trait (Ostini and Nering, 2006). Under the polytomous Rasch model, the relative difficulty
of the steps within an item are assumed to be constant across all items in the instrument, and the
items are believed to differ only in their location on the ability scale. The Partial Credit Model
(Masters, 1982) has an identical mathematical structure, but is expressed in a form that allows
various thresholds for different items. If an item has five response choices (e.g. 1=strongly
disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree), it is modeled as having four
thresholds. Each set of threshold estimates is unique to the individual item (i.e. threshold K for
item 1), Bk s the location parameter of the boundary curve between the Kthand K+1th
response categories. The probability of a person choosing any category on any item as a
function of the agreeability of subject 9 (79) and the endorsement of item | at the given
threshold K (ﬂik) (Wright and Masters, 1982) is as follows:

exp(d, = i)
T+exp(6, - f)

Pik (‘99) =

This study measured combat jet pilots’ ability to cope with SD triggered by cockpit layout and
design by considering item difficulties and ability differences among combat jet pilots. The
study result would contribute an initial but significant insight into the psychometric properties of

the scale used to measure the combat jet pilots’ perceived SD triggers.

L -k

After transforming ordinal raw data into an interval scale using the Rasch model, item difficulty
and combat jet pilots’ ability to cope with SD triggers were calibrated on the same scale for
subsequent interpretations. When a pilot agreed that an equipment item might trigger SD, the
negatively-keyed item would represent a relatively low level of the attribute. Table 3, displaying

WINSTEPS (version 3.92.1) summary statistics, shows that the mean scores for person



reliability and item reliability were 0.87 and 0.97, respectively. Both person reliability and item
reliability are interpreted as a measure of reliability of the psychometric instrument. The widely
accepted social science cut-oft is 0.70 for an item set. In this study, both infit Zstd  and outfit

Zstd ranged between +2, indicating that observational responses fitted the model well (Wright
et al., 1994). All items could therefore be used to measure the latent construct of combat jet

pilots’ ability to cope with SD-triggers during centrifuge training. The person ability estimate
mean of -0.88 provided the first indication that the sample found the SD triggers comparatively
hard to cope with because the combat jet pilots’ ability was relatively lower than the item
difficulty (0.0).

WINSTEPS summary statistics

325 comabit jet pilots
Score Mean (SD) Ability Infit Outfit
MNSQ Zstd MNSQ Zstd
21.1(0.57) -0.88 0.98 -0.4 0.98 -.04
Reliability 0.87
8 items
Score Mean (SD) Difficulty Infit Qutfit
MNSQ Zstd MNSQ Zstd
855.6 (0.09) 0.00 0.99 -0.2 0.98 -0.4
Reliability 0.97

This study results indicated that unfamiliarity with instruments on aircraft was most likely
to trigger SD and was the most difficult item for combat jet pilots to cope with. We therefore
suggest that physiology instructors clearly explain in a classroom lecture the design differences
between different combat aircraft models in order to prevent SD. Special attention should be
paid to the range of features of instrument displays on different fighter aircraft since these may
contribute to SD. Ground-based and inflight training programs should be developed to improve

pilots’ awareness of possible SD-triggers and enhance their skills and ability to cope with them.

A significant difference was found between with-SD experience and without-SD
experience subjects for SD triggered by “the helmet-mounted display (HMD)”. Without-SD
experience subjects rated *“the helmet-mounted display (HMD) significantly more likely to
trigger SD than with-SD experience subjects. Further, DIF results for aircraft groups were prone
to variation regarding “the helmet-mounted display (HMD)” item. The helmet-mounted display
(HMD) of the F16 was more likely to trigger SD than that of the Mirage 2000 and IDF combat
jets. The study's findings thus provide a useful reference for the military when considering

procurement of new aircraft models in the future. The air force can establish more effective



training programs by quantifying and prioritizing ergonomics issues in SD training

[Section content omitted here]
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1. Background

Taiwan's Defense Ministry announced on November 7, 2017 that a Mirage-2000 combat jet had lost
contact during a drill off the island's northeast coast. The missing pilot may have experienced spatial
disorientation (SD) when the aircraft entered dense low clouds. SD is the inability to correctly
interpret aircraft attitude, altitude or airspeed in relation to the earth or other points of reference
(McGraph, Rupert & Guedry, 2003; Newman, 2007). On April 25, 2014, an AH-64E helicopter of
the Taiwanese Army crashed and the cause judged to be the Coriolis illusion, an apparent deflection
of an object’s path that moves within a rotating coordinate system. The Coriolis illusion is caused by
making a quick head movement during a constant rate turn that has ceased stimulating the inner ear.
This leads to SD (Martinussen & Hunter, 2017)

SD in flight wastes hundreds of millions of dollars worth of defense capability annually and
continues to kill aircrew (Gillingham, 1992). 44% of Canadian Forces’ pilots have reported
experiencing SD, of whom 10% have experienced more than three episodes (Cheung et al., 1995). A
survey of U.S. Army rotary-wing operations found that 78% of aircrews had been disoriented and
8% to the extent that flight safety was threatened (Braithwaite et al., 1998). SD has been blamed for
20% of all fatal mishaps in military aviation (Previc & Ercoline, 2004). SD cost the U.S. Army
$308,887,000 and 78 lives between 1987 - 1992 (Durnford et al., 1995). Gaydos et al. (2012)
reported that 100 aviation accidents, ranging from A to C class in the U.S. Army between 2002 and
2011, were related to SD. SD was also the cause of 31% of deaths in helicopter accidents. Between
1990 and 2000, SD causing share of Class A aviation accidents (involving total cost of property
damage over US$2 million, death, full incapacitation for a lifetime, or destroyed, missing, or
abandoned aircrafts) increased from 20% to 33%, with the mortality rate approaching 100% (Gibb et
al., 2011).

The study probed the contribution of cockpit layout and design to Taiwanese air force jet pilots’ SD
in order to reduce the risk of triggering SD. The study took into account differences in subjects’
ability to cope with SD triggers, resorting to the Rasch model for measurements. The study objective
was to measure combat jet pilots’ ability to cope with SD triggered by cockpit layout and design in

order to improve pilots’ SD training quality and skills to anticipate and assess SD risk factors and



thereby ensure flight safety.

2. Methods

In this study, we employed a polytomous Rasch model to estimate combat jet pilots’ ability to cope
with SD triggered by cockpit layout and design using data obtained from their responses to a
questionnaire (Ostini and Nering, 2006; Veldhuis et al., 2012). The purpose of employing the model
was to obtain measurements from categorical response data. The study first identified possible
factors for pilots” SD via interviews with aviation physiologists, pilots, and medical-engineering
experts, and then reviewed the literature on SD-trigger items to formulate the questionnaire, which
was distributed to pilots of mainstay combat jets in Taiwan between October 2016 and January 2017.
The questionnaire contained 8 SD-trigger items developed by military instructors and aviation
physiology experts °

3. Expected Results/ Conclusion/ Contribution
The study assessed combat jet pilots’ ability to cope with SD triggers associated with cockpit layout
and design. The study found that SD was most likely to be triggered by unfamiliarity with
instruments on the aircraft in flight training, followed by shape of the aircraft's cockpit canopy,
layout of instrument display in the cockpit of the aircraft, and the helmet-mounted display (HMD).
The study’s findings point to the importance of improving overall cockpit layout and design in order
to reduce the SD problem as well as intensify SD training to focus more on pilot skills to anticipate

and assess SD risk factors and thereby ensure flight safety

Keywords: Ability; Rasch model; Spatial disorientation; Combat jet pilots.
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