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Assessment of in-Flight Spatial Disorientation Events 
Among Military Pilots

Askeri Pilotlarda Uçuşta Yaşanılan Spasyal Dezoryantasyon 
Olaylarının Değerlendirilmesi

ÖZET

Havacılıkta Spasyal Dezoryantasyon (SD), bir pilotun uçağın yeryüzüne veya yakınındaki diğer hava 
araçlarına göre konumunu veya hareketini yanlış algılaması durumudur. SD olaylarının uçuşta ne sıklıkta 
yaşandığını ve ne seviyede tehlike yarattığını değerlendirmek amacıyla yaşları 24-46 arasında değişen 
203 pilota anket uygulanmıştır. Helikopter pilotları en sık ‘Gece Görüş Gözlüğü (GGG) kullanımına bağlı 
his yanılgısı' (%93.8) ve ‘Brownout- whiteout illüzyonu (%93.8) nakliye uçağı pilotları en sık ‘Yaklaşma 
ve iniş sırasında his yanılgısı’ (%82.6) ve jet pilotları en sık 'Anti-collision ışıklarının bulut/sis 
yansımalarının yarattığı his yanılgısı' (%92.7) ve ‘Leans illüzyonu’ (%92.7) nedeniyle SD yaşamıştır. 
Genel maksat helikopteri pilotları ile taarruz helikopteri pilotları arasında ‘Brownout- whiteout 
illüzyonu’nun uçuşta yarattığı tehlike skorları açısından anlamlı bir fark bulunmuştur (p<0.001). Bu 
pilotlar arasında ‘Yeryüzü gökyüzü ışıklarının birbirine karıştırılması yanılgısı' yaşanma sıklığı açısından 
da anlamlı bir fark bulunmuştur (p=0.035). Jet, helikopter ve nakliye pilotları arasında da bu illüzyonun 
yaşanma sıklığı açısından anlamlı bir fark saptanmıştır (p<0.001). Havacılıkta hala sürmekte olan SD 
sorunu ve bunun uçuş emniyeti üzerindeki yıkıcı etkileriyle başa çıkabilmek için, pilota özel uçuş 
profilleri geliştirilmeli ve her bir uçak modeline özgü SD simülasyonların fizyolojik eğitimlere dahil 
edilmelidir.

Anahtar Kelimeler: Pilot, Spasyal dezoryantasyon, Uçuş, Havacılık, İnsan Faktörleri

ABSTRACT

Spatial Disorientation (SD) in aviation is the incorrect perception that a pilot has of the position 
or movement of the aircraft in relation to the Earth or other nearby air vehicle. A survey was 
conducted on 203 military pilots, with ages between 24-46. Helicopter pilots had the largest number of 
illusions caused by ‘NVG (Night Vision Goggle)- related illusions’ (93.8%) and ‘Brownout-
whiteout illusion’ (93.8%), while transport aircraft pilots had the highest number of ‘SD during final 
approach and landing’ (82.6%), and jet pilots had the highest number of ‘Illusion of anti-collision 
light reflection from clouds/fog’ (92.7%) and ‘Leans illusion’ (92.7%). A significant difference in 
severity scores of 'Brownout- whiteout illusion' was found between utility helicopter pilots and 
attack helicopter pilots (p<0.001). There was also a significant difference in the frequency of ‘Star- 
ground light confusion illusion’ between those pilots (p=0.035). Significant difference in the 
frequency of this illusion was also found among jet, helicopter and transport pilots (p<0.001). To 
cope with the ongoing problem of SD and its detrimental effects on flight safety, it is crucial to 
develop pilot-specific flight profiles and incorporate SD simulations particular to each aircraft model 
into the physiological trainings.
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INTRODUCTION 
 The human body is well-suited for maintaining its 
orientation and perception on Earth at a gravitational force 
of 1 G. This is upheld by the interaction of the somatosensory, 
vestibular, and visual systems. However, during flight, as 
the maneuverability and technological capabilities of the 
air vehicles have shown notable changes in time, it has been 
observed that aerial dynamics, some excessive movements, 
and unusual flying situations turn out to be causing 
misinterpretation of insufficient or  co nflicting ori entational 
inputs provided by these sensory systems. Therefore, it is 
inevitable that pilots will encounter difficulties in maintaining 
their spatial orientation in the aerospace environment, 
where they are subjected to movements with varying power, 
duration, and direction, as well as different visual alterations 
and illusions (1).
 Spatial Disorientation (SD) in aviation refers to a pilot's 
erroneous perception of the position or motion of the aircraft 
in relation to the Earth or other nearby aircraft. During flight, 
pilots may experience various events and illusions linked 
to SD, which can pose a threat to flight s afety a nd l ead t o 
near misses and accidents. SD is a critical issue in aviation 
medicine due to its significant impact on flight safety and its 
role in causing accidents (2). The rate of SD-caused a ircraft 
accidents in military aviation has been reported to be as high 
as 20%, with approximately 80% of these accidents resulting 
in fatalities (3.4). From 1991 to 2000, SD accounted for 20.2% 
of Class A accidents in the United States Air Force (USAF), 
making it the main cause. Additionally, the fatal accident 
rate for SD accidents was three times greater compared to 
accidents not caused by SD (1). A 2003 study conducted on 
helicopter accidents in the USAF revealed that the prevalence 
of SD was 27% (5). 
 Mishap data has been shown to be a valuable resource 
to learn about the impact of SD and its detrimental 
consequences in flight o perations. Nevertheless, t hese 
data sometimes provide limited information and remain 
inadequate for assessing additional contributing factors. In 
some mishap investigation reports, it may be said that SD 
was decontextualized and a variety of contents of SD were 
individually assessed as contributing factors although they 
could have explicitly been attributed to SD (6.7). Gibb et al's 
(3) article highlights two key factors that may have received 
little attention in mishap reports: the lack of information 
regarding the pilot's behavior prior to the accident, and the 
investigators' inadequate evaluation of the effects of SD. These 
factors were potentially overlooked due to underreporting 
and inaccuracies in the mishap reports. Besides, that SD 
requires multi-pronged assessment and involves a wide range 
of illusions and misperceptions may sometimes cause failure 
to recognize and determine SD as a substantial contributor to

the accident. The personal statements and experiences of each 
pilot regarding their misperceptions during flight provide 
an additional source of information that is not involved 
in reported incidents. Survey-based studies can provide 
sufficient information about episodes of SD and its potential 
hazards because pilots can accurately characterize the SD-
related situations, clarify the misperceptions, and explain how 
these factors affect their flight skills. Hence, their statements 
and experiences can serve as strong evidence that may help in 
clarifying the underlying reasons, categorizing the illusions, 
and clearly identifying additional scenarios associated with 
SD.
 The frequency distribution of SD illusions and their 
correlations with a variety of factors, including mission 
profiles, types of air vehicles, psychological factors, flying 
experience, meteorological conditions, use of various displays 
and viewing devices, and so forth, have been surveyed in 
many studies from different countries (8-11). Even though 
SD has plagued Turkish military pilots and caused numerous 
accidents, no survey-based research has been conducted 
to date. In this study, we aimed to collect comprehensive 
information from Turkish Armed Forces (TAF) pilots by 
employing a questionnaire-based survey about the frequency, 
types, and risk levels of each SD episodes that they experienced 
in different types of air vehicles.

METHODS
Subjects
 A survey was conducted on 215 active pilots who applied 
to periodic aeromedical examinations and physiological 
trainings at the Aircrew Health Research and Training Center, 
Turkey. In accordance with the health aptitude regulations 
for Turkish military personnel, all pilots serving in TAF 
are required to undergo physiological trainings (Human 
centrifuge, SD, Hypobaric hypoxia, Ejection seat, and Night 
vision trainings) in this center every four years (12). Therefore, 
it was possible to interact with pilots operating various air 
vehicles in different regions and squadrons throughout the 
country. Each pilot was subjected to a close interview to 
enhance their awareness through the study, minimize any 
errors, and thus collect more accurate data.
Survey design
 A comprehensive survey was developed by evaluating 
some studies that used questionnaires to gather information 
on in-flight SD events experienced by military pilots (5,8,13). 
The questionnaire collected data on the pilots' demographic 
characteristics, total flight hours, most flown air vehicle type, 
flight conditions during which SD events occurred, frequency 
of illusions experienced primarily in the air vehicle type with 
the greatest number of flight hours, and severity levels of 
the experienced illusions. Pilots were instructed to consider 
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their SD experiences encountered on real flight missions, 
rather than their training flights, while responding to the 
questions. The ones who have experience flying various air 
vehicles throughout their career were requested to respond 
to the questions based on the type of air vehicle they flew 
the most frequently during their active missions. Questions 
about illusions included a brief definition for each, helping 
to refresh the individual's knowledge. The participants were 
requested to choose the frequency grades of each illusion 
they experienced. The grades were categorized as "Never", 
"Seldom", "Often", and "Usually". The pilots who selected the 
"Never" grade were considered to have not experienced the 
illusion, while those who selected any of the other grades were 
considered to have experienced so.     
 The pilots were also asked to declare the severity scores they 
thought the illusion they experienced during the flight created. 
The severity levels of each illusion in flight were determined 
using a Visual Analog Scale (Figure 1). The numerical scale 
ranged from 1 to 10, with 1 representing an SD event defined 
as "Flight safety not in danger, easy to control, no risk of 
accident", and 10 indicating an event defined as "Flight safety 
at risk, difficult to control, high risk of accident". Additionally, 
if any, pilots were requested to write the most notable illusion 
they experienced during a flight. The air vehicles questioned 
were classified into three main categories: jet, transport 
aircraft (TA), and helicopter. Helicopters of various types were 
categorized as Utility Helicopters and Attack Helicopters, 
based on their intended purposes. 
Statistical Analysis
 Descriptive statistics of the data were computed using 
the arithmetic mean, standard deviation, percentage values, 
minimum, and maximum values.  The study examined the 
associations between different groups using Chi-square and 
Fisher's Exact test. The "One-Sample Kolmogorov-Smirnov 
test" was applied to assess the normality of the data distribution. 
The "Student t test" was used for comparing paired groups 
with normal distribution and homogeneity of variance. 
The "Mann-Whitney U test" was employed for comparing 
parameters that weren't comparable to a normal distribution 
and lacked homogeneity of variance. The groups of three 

were compared using "Analysis of variance" for parameters 
that had a normal distribution and homogeneity of variance 
followed by Tukey's multiple comparison, and "Kruskal Wallis 
H Test" for parameters that did not have a normal distribution 
and did not have homogeneity of variance. For the analyses, 
a significance level of α=0.05 was used. Values below this 
threshold were considered to indicate a statistically significant 
difference. The statistical analysis was carried out using the 
SPSS 19.0 software.

RESULTS
 A total of 12 pilots were found to have not fully completed 
the surveys and excluded from the study. The study analyzed 
the surveys of 203 pilots, aged between 24 and 46, with an 
average age of 32.83±4.95. These pilots had total flight hours 
ranging from 500 to 6200, with an average of 1710.59±1029.53. 
Out of 203 pilots, 68 (33.5%) were jet pilots, 112 (55.2%) 
were helicopter pilots, and 23 (11.3%) were transport aircraft 
pilots (Table 1). The pilots were requested to rank the flying 
conditions in which they experienced SD most frequently 
compared to the flight conditions in which they experienced 
it least frequently (Table 2). 78 pilots (38.4%) specifically 
identified VFR (visual flight rules) to IFR (instrument flight 
rules) transitions as the flight conditions when they most 
frequently faced SD. Upon analyzing the air vehicle types 
separately, it was shown that VFR-IFR transitions were the 
most reported flight condition associated with SD, followed 
by night IFR conditions.
 The frequency rates of all questioned illusions depending 
on the type of air vehicle was analyzed (Table 3), and it was 
found that pilots experienced the highest rate of ‘SD during 
final approach and landing’ (78.8%), followed by ‘Illusion 
of anti-collision light reflection from clouds/fog’ (75.9%) 

Figure 1. Visual Analog Scale used for the severity levels 
of each illusion in flight

Air vehicle Air vehicle types Pilots
categories n  %
Jet F-16 33  48.5

F-4 29  42.6
F-5 4  5.9
T-38 2  2.9

 Helicopter UH-1 62  55.4
AH-1 16  14.3
AS-532 12  10.7
UH-60 11  9.8
AB-212 8  7.1
AB-412 3  2.7

Transport 
Aircraft CN-235 14  60.9

C-130 4  17.4
C-160 4  17.4
KC-135R 1  4.3

Table 1. Distributions of air vehicles and pilots



Pilotlarda spasyal dezoryantasyon değerlendirmesi

and ‘Night Vision Goggle (NVG)-related illusions’ (72.7%). 
Helicopter pilots had the largest number of illusions caused 
by ‘NVG- related illusions’ (93.8%) and ‘Brownout-whiteout 
illusion’ (93.8%), while transport aircraft pilots had the 
highest number of ‘SD during final approach and landing’ 
(82.6%). The most prevalent forms of illusions experienced by 
jet pilots were ‘Illusion of anti-collision light reflection from 
clouds/fog’ (92.7%) and ‘Leans illusion’ (92.7%). The overall 
frequency rates of all illusions were also depicted in Figure 2.
 Upon analyzing the severity scores of pilots, it was found 
that helicopter pilots had the highest score (7.85±2.19) for the 
‘Brownout-whiteout illusion’, jet pilots had the highest score 
(6.68±2.03) for the ‘Coriolis illusion’, and transport aircraft 
pilots had the highest score (6.93±2.19) for the ‘Fascination 
illusion’ (Table 4). 93.8% of helicopter pilots experienced the 
‘Brownout-whiteout illusion’, and the severity score associated 

Table 2. Distribution of f light conditions in which pilots with different air vehicles experienced illusions

Flight conditions Jet Helicopter Transport Total
(n=68) (n=112) (n=23) (n=203)

VFR-IFR transitions n (%) 28 (%41.2) 39 (%34.8) 11 (%47.8) 78 (%38.4)
Night IFR n (%) 26 (%38.2) 10 (8.9) 9 (%39.1) 45 (%22.1)
Day IFR  n (%) 7 (%10.3) 7 (%6.3) 2 (%8.7) 16 (%7.9)
Day VFR n (%) 2 (%2.9) 5 (%4.5) 1 (%4.3) 7 (%4.3)
Night VFR n (%) 2 (%2.9) 2 (%1.8) 1 (%4.3) 5 (%2.5)

Table 3. Frequency distribution of all illusions experienced by each air vehicle type. NVG: Night Vision Goggle, HUD: 
Head Up Display
Illusions and misperceptions Jet Helicopter Transport Total

Aircraft
(n=68) (n=112) (n=23) (n=203)

Illusions during final approach and landing  53 (%77.9) 88 (%72.1) 19 (%82.6) 160 (%78.8)
Illusion of anti-collision light reflection from clouds/fog 63 (%92.7) 79 (%70.6) 12 (%52.2) 154 (%75.9)
NVG-related illusions 15 (%28.3) 105 (%93.8) - 120 (%72.7)
Leans illusion 63 (%92.7) 62 (%55.4) 18 (%81.3) 146 (%71.9)
Fascination illusion 47 (%70.2) 74 (%66.1) 15 (%65.3) 136 (%67.7)
Vection illusion  46 (%67.7) 71 (%63,4) 9 (%39.2) 126 (%62.1)
Illusion of cockpit lights reflection on the windscreen 54 (%79.5) 61 (%54.5) 6 (%26.1) 121(%59.6)
Star- ground light confusion 49 (%72.1) 64 (%57.2) 5 (%21.8) 118 (%58.1)
Coriolis il lusion  50 (%73.6) 49 (%43.8) 13 (%56.6) 112 (%55.2)
Autokinesis 42 (%61.8) 60 (%53.6) 9 (%39.2) 111 (%54.7)
HUD-related illusions 36 (%56.3) 19 (%48.8) - 55 (%53.3)
Tendency to f ly level to sloping clouds or terrain 42 (%61.8) 46 (%41.1) 13 (%56.6) 101 (%49.8)
Fixation to the stars 41 (%60.29) 48 (%42.9) 2 (%8.7) 91 (%44.8)
Nose-down illusion 50 (%78.9) 14 (%12.5) 12 (%52.2) 81 (%39.9)
Flicker vertigo - 54 (%48.5) - -
G-excess illusion 34 (%50) 35 (%31.3) 8 (%34.8) 77 (%37.9)
Nose-up illusion 49 (%72.1) 13 (%11.7) 15 (%65.3) 77 (%37.9)
Giant hand phenomena 31 (%45.6) 30 (%26.8) 10 (%43.5) 71 (%35)
Graveyard spiral 19 (%28) 22 (%19.7) 2 (%8,7) 43 (%21.2)
Inversion illusion 28 (%41.2) 2 (%1,8) 7 (%30.5) 37 (%18.2)
Brownout- whiteout illusion - 105 (%93.8) - -

Figure 2. The overall frequency rates of all illusions
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with this illusion was 7.85±1.99. The severity scores of this 
illusion between utility helicopters (8.27±1.94) and attack 
helicopters (6.38±1.20) were evaluated, and a statistically 
significant difference was found (p<0.001). Helicopter 
pilots (93.8%) were also found to be the most susceptible 
to experiencing ‘NVG-related illusions’ during flight. 
Additionally, they had the highest average severity score, with 
an average of 7.05±2.19. 
 It was observed that jet pilots (72.1%) were the most likely 
to experience the ‘Star- ground light confusion illusion’ and 
the mean severity score for this illusion was 5.69±2.53. There 
was no statistically significant difference observed among jet, 
helicopter and transport pilots in terms of the severity scores 
of this illusion (p=0.367); however, there was a statistically 
significant difference between those pilots in terms of the 
frequency of experiencing this illusion (p<0.001). There 
was also a statistically significant difference between pilots 
of utility helicopters and attack helicopters in terms of the 
frequency rates of experiencing this illusion (p=0.035). Jet 
pilots had the highest rate, at %79.5, of experiencing the 
‘Illusion of cockpit lights reflection on the windscreen’, and 
there was a statistically significant difference between pilots 
of utility helicopters and attack helicopters in terms of the 
severity scores of experiencing this illusion (p=0.016). It was 
found that jet pilots (61.8%) were the most likely to experience 
the ‘Autokinesis illusion’. There was no statistically significant 

difference observed among jet, helicopter and transport 
pilots in terms of the frequency of experiencing this illusion 
(p=0.734). There was a statistically significant difference 
between utility helicopter pilots and attack helicopter pilots in 
terms of the frequency of experiencing this illusion (p<0.001). 

DISCUSSION AND CONCLUSION
 Upon an overall evaluation of all the illusions investigated 
in our study, it's obvious that pilots experienced the highest 
frequency of SD events during the final approach and landing 
phases of the flight. During the fi nal ap proach an d la nding 
phase, the pilot's workload typically increases as they've got 
to concurrently evaluate multiple factors, such as assessing 
meteorological and runway conditions, communicating 
with Air Traffic Co ntrol, co nsidering ru nway co ndition, 
etc. Additionally, they should pay attention to maintain an 
accurate final approach angle. Research carried out in the US 
Air Force and the US Navy revealed that approximately 12 
to 25% of accidents linked to SD took place during the 
final approaching and landing stages (4.14). A study 
investigating commercial airplane accidents revealed that 
70% of controlled flight into terrain (CFIT) incidents 
occurred during landing phases, indicating the presence of 
the same problem within civilian aviation (15). 
 Transport aircraft pilots were found to have the highest 
occurrence of ‘SD events during the final approach and 

Table 4. Severity scores of illusions according to aircraft types. NVG: Night Vision Goggle, HUD: Head Up Display
Illusions and misperceptions Jet Helicopter Transport Total p value

Aircraft
(n=68) (n=112) (n=23) (n=203)

NVG-related illusions 6.53± 2.00 7.05± 2.19 - 6.98± 2.16 0.338
Fascination illusion 6.23± 2.32 6.57± 2.12 6.93± 2.19 6.49± 2.19 0.560
Leans illusion 6.62± 1.94 5.85± 2.41 6.33± 1.65 6.42± 2.11 0.302
Giant hand phenomena  6.13± 2.35 6.23± 2.51 5.50± 2.07 6.08± 2.36 0.558
Coriolis il lusion  6.68± 2.03 5.41± 2.15 5.85± 2.15 5.98± 2.08 0.749
Graveyard spiral  5.74± 1.79 5.82± 1.99 5.50± 3.54 5.77± 1.91 0.969
Vection illusion  5.54± 2.05 5.54± 2.34 5.44± 1.74 5.53± 2.18  0.983
Star- ground light confusion 5.69± 2.53 5.08± 2.16 4.80± 2.95 5.32± 2.35 0.367
Illusion of anti-collision light 
reflection from clouds/fog  5.76± 1.98 5.08± 2.17 4.17± 1.40 5.29± 2.08 0.021
HUD-related illusions 4.92± 1.99 5.84± 2.32 - 5.24± 2.13 0.138
G-excess illusion 4.62± 2.00 5.63± 2.13 4.50± 1.77 5.06± 2.08 0.104
Tendency to f ly level to sloping
clouds or terrain 4.55± 1.90 5.39± 2.15 4.62± 1.66 4.94± 2.01  0.201
Fixation to the stars 4.78± 1.85 5.04± 2.18 2.00± 1.41 4.86± 2.05 0.145
Nose-up illusion 5.08± 2.03 4.46± 1.27 4.87± 1.85 4.84± 1.88 0.651
Illusion of cockpit lights
reflection on the windscreen 4.78± 1.92 4.77± 2.14 3.83± 1.60 4.73±2.01 0.670
Autokinesis 4.45± 1.97 4.73± 2.09 4.22± 1.92 4.59± 2.02  0.734
Inversion illusion 5.04± 1.67 3.67± 0.58 4.57± 1.99 4.29± 1.75 0.072
Nose-down illusion 3.69± 1.57 4.29± 2.05 3.92± 2.27 3.83± 1.76 0.658
Flicker vertigo - 5.59± 1.79 - - -
Brownout- whiteout illusion - 7.85± 1.99 - - -
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landing’, compared to pilots of the other two air vehicle 
types. Transport aircraft pilots typically perform multi-
location flights, requiring takeoffs and landings on different 
runways. Many studies reported that pilots were more likely 
to experience illusions while landing on runways that they are 
not familiar with (16,17). Given the frequent meteorological 
changes and climate variations in Turkey (18), as well as 
the unique structure of each runway due to its physical 
characteristics and surroundings, it can be concluded that the 
likelihood of transport aircraft pilots encountering ‘SD events 
during the final approach and landing’ was increased. 
 Our analysis revealed that VFR-IFR transitions were the 
common flight conditions during which all pilots experienced 
the highest occurrence of SD events. Pilots operating jets, 
helicopters, and transport aircraft have reported the highest 
occurrence of SD events during VFR-IFR transitions, and 
during IFR conditions at night or in adverse weather conditions, 
respectively. The study conducted by Bellenkes et al. (14) 
revealed that VFR-IFR transitions significantly contribute 
to a large number of accidents linked to SD. According to a 
survey, including 440 pilots in the United Kingdom, it was 
found that the most severe SD events experienced by pilots 
were during VFR- IFR transitions (19). Studies reported that 
VFR- IFR transitions significantly increased the occurrence 
of SD events (10,20). During transitions between VFR and 
IFR flights, the flight conditions undergo rapid and successive 
changes. The pilot tries to quickly maintain an adaptation to 
these continually changing flight conditions, increasing the 
likelihood of experiencing SD. During these transitions, the 
quick entry and exit to and from cloud clusters may induce 
motion parallax, potentially leading to pilot misperception, 
particularly in formation flights. This SD event may be 
depicted by the experience of an F-4 aircraft pilot who 
participated in our study: 
 “During a formation flight, I felt I was flying faster than 
the leader during repeated VFR-IFR transitions through the 
clouds. As a result, I suddenly pulled the throttle, lowering my 
speed and leaving the formation. Fortunately, I was able to get 
out of the cloud clusters, regain my visibility, and rejoin the 
formation.”
 The recent helicopter crash, that resulted to the tragic loss 
of NBA superstar Kobe Bryant, his daughter Gianna, and six 
other people might also be considered a significant example 
of accidents related to SD, especially in conditions when there 
is a lack of external visual cues. On January 26, 2020, the 
Sikorsky S-76B helicopter collided into a hillside close to the 
Southern California coast. The National Transportation Safety 
Board (NTSB) accident investigation concluded that the crash 
was probably caused by the pilot's inability to maintain proper 
orientation while flying in fog, partly low clouds and mist 
covering the hillsides. The adverse weather conditions led to 

inadvertent entry into instrument meteorological conditions 
(IMC), which in turn caused the pilot to encounter SD and 
lose control (21).
 ‘Leans illusion’ was found to be one of the commonly 
experienced illusions by jet pilots in our study. Furthermore, 
this illusion is the second most prevalent misperception 
experienced by transport pilots, with a frequency of 81.3%. 
It was also found to be the most severe illusion compared to 
others, with a mean score of 6.93±2.19. 'Leans illusion' leads to 
an erroneous sensation of banking when the attitude indicator 
show that the aircraft is flying straight and level, or a sensation 
of flying straight and level when the cues and indicator show 
the opposite (1). It has been reported as the primary sensory 
illusion experienced by pilots in numerous studies (1,8,22). 
This illusion can insidiously develop, and even if the attitude 
indicator accurately displays the aircraft's p osition, the pilot 
may struggle to accept it as true until visual references become 
available, since the vestibular and proprioceptive system have 
a stronger influence (23). One of the participants, an F-16 
pilot, described it vividly: 
 “After taking off, we entered a cloud cluster at 2000 ft 
and came clear of the clouds at 10.000 ft. My exit was, I 
remember, 90 degrees banked and about 25 to 30 degrees 
nose up. I was particularly struggling to convince myself 
that I was in level flight while I was flying inside the 
clouds. I haven't sweated this much in my sixteen years 
of flying. All went back to normal as soon as I emerged 
from the clouds and provided full visibility.”
 ‘Coriolis illusion’, with a mean severity score of 6.68±2.03, 
was identified as the most severe illusion experienced by jet 
pilots. Among all three types of aircraft, jet pilots had the 
highest frequency rate of experiencing ‘Coriolis illusion’, 
at 73.6%. A study showed that the ‘Coriolis illusion’ was 
experienced by 39% of pilots, with a majority of those 
affected being F-4 pilots (24). ‘Coriolis illusion’, which is a 
highly dangerous illusion that causes a pilot to experience 
an unpleasant feeling of rotating immediately after moving 
their head during a prolonged, constant rotational turn, is 
commonly encountered in highly maneuverable jet aircraft, 
as well as in helicopters and transport aircraft. A survey 
research conducted on SD in the US Air Force revealed that 
the prevalence of ‘Coriolis illusion’ was 62.2% among jet pilots 
and 42.6% among helicopter pilots (5). Within the scope of 
our investigation, a significant proportion of helicopter pilots, 
specifically 43.8%, stated having experienced this illusion. 
According to Previc (25), there have been reports of helicopter 
pilots experiencing this problem while performing steep turns 
during flights. An UH-1 pilot among the participants had an 
extensive experience with this illusion: 
 “During a left bank turn, the second pilot, who had turned 
his head to check the left side, unexpectedly overbanked the 
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helicopter to the left. I quickly took control and maintained 
level flight.”
 During our interviews, helicopter pilots also reported 
that they employed head movements in order to check out 
the flying area because their field of view was restricted when 
using NVGs. They also mentioned that they particularly 
experienced ‘Coriolis illusion’ while performing sharp 
turns. A study found that the susceptibility to vestibular 
sensory illusions linked to rotation is increased when using 
a NVG, suggesting that visual field limitation can impact 
vestibular sensitivity (26). Therefore, helicopter pilots ought 
to remember to abstain from making abrupt and rapid head 
movements while flying with NVGs.
 Our study found that ‘NVG-related illusions’ had the 
third highest frequency, accounting for 72.7% of events. 
Additionally, these illusions were regarded as the most severe, 
with a score of 6.98±2.16. A research conducted in the USA 
found that helicopter pilots had a higher incidence of ‘NVG-
related illusions’ compared to jet and training pilots, with a 
rate of 72.3% (5). NVGs are optical devices that improve vision 
by amplifying the available light in the surrounding area, 
even in low-light conditions. Aside from enabling efficient 
flight capabilities, NVGs and advanced night vision systems 
also have several side effects, including diminished contrast, 
decreased visual acuity, limited visual field, and impaired depth 
perception. Besides, the use of focal vision, characterized by the 
clear and conscious identification of objects, poses challenges 
in effectively and accurately performing additional tasks that 
demand meticulous and conscious visual participation, such 
as reading and understanding flight displays, evaluating the 
flight plan, and navigating. These side effects and cognitive 
workload may contribute to an increased risk of encountering 
misperceptions (27). Some negative effects of NVGs, such as 
limited vision field and impaired depth perception, may be 
highlighted by a noteworthy experience of a helicopter pilot 
encountered during a flight using NVG:
 “While I flew with NVG, I noticed the runway too late on 
my initial approach. I thought I was descending too fast as I 
got closer to the ground, and I lost my sense of orientation. We 
avoided a possible accident when the other pilot took control.” 
 ‘Brownout-whiteout illusion’ is one of the misperceptions 
that frequently lead to helicopter pilots experiencing SD events. 
Our study found that 93.8% of helicopter pilots experienced 
this illusion, with a mean severity score of 7.85±1.99. 
Furthermore, a significant proportion of helicopter pilots, 
specifically 17.2%, reported experiencing this misperception 
as “Usually”. ‘Brownout-whiteout illusion’ happens when the 
helicopter's fast rotating propellers generate a dense cloud of 
dust or snow on a sandy or snowy terrain, causing visibility 
abruptly to decrease to zero. The frequency of this illusion and 
its impact on accidents are primarily influenced by operational 

and meteorological factors. During the Gulf War in 1991, US 
Army helicopters often encountered brownout events while 
operating in the desert (28). In a study, which investigated 
incidences of SD in helicopter flights in the USA between 
2002 and 2011, it was shown that there was an increase in the 
frequency of accidents linked to SD in 2003. It was also noted 
that this increase occurred coincided with the beginning of 
Operation Iraqi Freedom (OIF) and was attributed to the 
lack of preparedness for desert conditions and the presence 
of sandstorms and dust clouds in the operation region, which 
had a negative impact on low-altitude flight conditions (29). 
A different study found that 65% of 68 helicopter pilots 
experienced ‘Brownout-whiteout illusion’ (30). Out of the 
helicopter pilots included in our study, 82.2% (n=91) were 
affiliated with the Land Forces Command and Gendarmerie 
General Command. 98.9% of them experienced ‘Brownout-
whiteout illusion’, with 18.7% experiencing it 'usually'. 
The mean severity score was determined to be 7.88±2.01. 
Furthermore, a statistically significant difference (p<0.001) 
was observed between utility helicopters (8.27±1.94) and 
attack helicopters (6.38±1.20) in relation to the severity of this 
illusion. 
 Utility helicopter pilots primarily operate in Eastern and 
Southeastern Anatolia, along the border where mountainous 
terrain is prevalent, and frequently perform operational 
flights (31,32). These missions involve quick transportation of 
personnel and supplies to border outposts and forces in active 
operations. Additionally, aeromedical evacuation operations 
are frequently conducted. In countries with difficult ground 
transportation, the lack of appropriate runways often prevents 
helicopters from landing near outposts and operational sites 
where troops are stationed. The utility helicopter is the most 
used type of helicopter in all these missions. It can land on the 
terrain during good conditions and hovers close to the sandy 
or snowy ground during adverse conditions. These factors 
increase the risk of accidents due to Brownout-whiteout 
illusion’. An UH-1 pilot mentioned about his SD experience 
due to this illusion: 
 “In 2008, when flying in the operation region in 
Southeastern Anatolia, I experienced SD due to the lack of 
external references and whiteout illusion while hovering just 
a few feet above the snow-covered terrain during personnel 
landing. I had to quickly hand over control to the other pilot.” 
 The jets have a bubble-like or dome-shaped canopy that 
provides a wide visual field to the pilot. As a result, the stars 
in the sky are viewable to the pilot in their peripheral vision 
while flying in the open air. Our investigation revealed a 
statistically significant difference among the pilots regarding 
the frequency of ‘Star-ground light confusion’, a condition 
in which a false sensation can be experienced when ground 
lights are mistaken for stars (p<0.001). It was hypothesized 
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that jet pilots may be more susceptible to this misperception 
as a result of the unique design of the canopy structure. There 
is an assumption that a similar relationship between the 
canopy structure and the ‘Star- ground light confusion’ might 
also exist in the ‘Illusion of cockpit lights reflecting on the 
windscreen’ and the ‘Autokinesis illusion’. ‘Autokinesis illusion’, 
which is characterized by the appearance of a stationary light 
as if moving after being glanced at for an extended period 
in the darkness, can arise from the reflection of multiple 
light sources, including stars in an unclouded sky, certain 
light sources from the ground, or the reflection of cockpit 
lights from the canopy. A survey study on SD revealed that 
56% of participants had ‘Autokinesis illusion’, and the pilots 
involved in the study reported several types of autokinesis (8). 
The F-16 aircraft's bubble canopy acts as a reflective surface, 
enabling the cockpit lights to reach the pilot's field of vision 
and giving rise to the perception of virtual images (33). It was 
found in our study that jet pilots, comprising 79.5% of the 
sample, were the most susceptible to the ‘Illusion of cockpit 
lights reflecting on the windscreen’. Furthermore, there was 
a statistically significant difference between pilots operating 
utility helicopters and attack helicopters (AH-1) in terms of 
their rate of experiencing this illusion (p=0.016). Regarding 
the ‘Autokinesis illusion’, jet pilots were shown to have the 
highest incidence of autokinesis, with a rate of 61.8%. When 
the questionnaires were analyzed in detail, 1 jet pilot and 1 
helicopter pilot, who reported experiencing the ‘Autokinesis 
illusion’ “Frequently” were specifically F-16 and AH-1 pilots, 
respectively. There was a statistically significant difference 
in the frequency of experiencing this error between utility 
helicopter and attack helicopter pilots (p<0.001). Based on 
the layout and coverage of the canopy of jet aircraft and AH-1 
helicopter, it can be said that pilots of aircraft with bubble 
canopies are more susceptible to this illusion. Furthermore, 
there was a statistically significant difference between the 
pilots of utility helicopters and attack helicopters in terms 
of the frequency of experiencing this illusion (p=0.035). 
The AH-1 helicopter differs itself from other helicopters by 
featuring a dome-shaped canopy structure (34). According to 
a research, 36% of helicopter pilots experienced ‘Autokinesis 
illusion’ due to reflections of in-cockpit lights on the canopy. 
Our study hypothesized that the canopy structure could be 
a contributing factor to the higher incidence of this illusion 
among AH-1 pilots compared to other helicopter pilots.
 SD has been one of the major problems in military 
aviation by decreasing operational effectiveness and 
causing accidents resulting in the loss of air vehicles and 
personnel (35). Therefore, it necessitates a comprehensive 
evaluation from multiple angles. Pilots' knowledge of SD has 
progressively grown alongside improvements in SD trainings. 
The current approach of training for SD continues to rely 

on the utilization of simulators and units that accurately 
replicate flying conditions in a safe ground environment 
(36,37,38). These trainings provide an extensive variety of 
realistic illusions, as well as assistance on how to deal with 
them. Despite an increased awareness of SD among pilots 
and development of advanced training devices enabling to 
demonstrate veridical ground-based training profiles, SD- 
related accidents continue to occur. Military pilots in all 
NATO member countries undergo regular SD training, which 
includes frequently updated application profiles (39). While 
updating, it would be beneficial to collect a brief account of 
each pilot's previous SD experiences at the beginning of the 
training process. This will assist instructors to identify the 
specific conditions and maneuvers in which they experienced 
SD events. By doing so, pilot-specific flight profiles could be 
developed and implemented, enabling a focused approach to 
addressing SD during trainings. This approach is considered 
to enhance awareness as well as readiness for SD.
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