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Abstract.
BACKGROUND: Spatial disorientation (SD) is a problem that pilots often encounter during a flight. One reason for this
problem is that among the three types of SD, there is no validated method to detect the Type I (unrecognized) SD.
OBJECTIVE: In this pursuit, initially we reviewed the problems and the evaluation methods of associated with SD. Subse-
quently, we discussed the advantages and disadvantages of the subjective questionnaire evaluation method and the behavior
evaluation method.
METHODS: On the basis of these analyses, we proposed a method to detect the unrecognized SD that improved the assessment
of SD to a significant extent. We developed a new direction to study the unrecognized SD based on the subjective report and the
center of pressure (CoP).
RESULTS: The proposed evaluation method can assist the pilots to understand the feelings and physical changes, when exposed
to unrecognized SD.
CONCLUSION: We hope that this evaluation method can provide a strong support in developing a countermeasure against the
unrecognized SD and fundamentally solve the severe flight accidents arising due to them.
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1. Introduction

Spatial disorientation (SD) is a problem encountered by many pilots in their flight. SD seriously
threatens and affects the flight safety [1]. Gillingham [2] defined SD as a misconception of posture,
height, and motion relative to the ground plane. It is accompanied by the pilot’s misperception of the
gravity vertical line, and misjudgment of the flight attitude relative to other aircraft.

Human beings collect information through the visual system, vestibular system, and proprioception
system [3] to determine the orientation and state under normal circumstances. The brain analyzes all
kinds of information provided by these systems, and then a person recognizes the correct position. If any
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system provides inappropriate or incorrect information, the brain will experience a sensory conflict. The
conflict of information provided by these systems can be a cause of SD [4].

Visual factors and vestibular factors are known to cause many SD events. Vision plays a decisive role in
the spatial orientation and perception of the surrounding environment. Visual stimulation can easily lead
to the wrong estimation of the surrounding environment, such as self-rotation illusion (also known as
vection [5]). It is caused by a flowing visual scene, leading to the pilot’s wrong judgment of his aircraft’s
height. When the human body is in a small-angle-tilt state for a long time, it easily leads to the tilt illusion
or somato-gravic illusion [1].

There are many symptoms associated with the occurrence of SD. Observers often reported various
discomfort symptoms, such as nausea, salivation, light-headedness, dizziness, queasiness, cold sweating,
mild restlessness, vertigo, and behavioral disorders [6]. These symptoms are like motion sickness (MS).
Although the mechanism of MS is not completely clear, most scholars agree that MS may include conflicts
in the sensory perception. Some scholars suggest that MS is caused by SD. Generally speaking, SD and
MS have many similarities in their mechanisms and clinical symptoms. Therefore, some references of
MS are included in this study.

SD is divided into three types: Type I (unrecognized SD), Type II (recognized SD), and Type III
(incapacitating SD). When unrecognized SD happens, the pilots do not feel any discomfort, and do not
think that the plane is in an abnormal state. In other words, when unrecognized SD occurs, the pilots
experience it, but have no awareness of it. By now, the spatial disorientation is thought to occur, since the
pilot does not receive an enough external stimuli to make the pilot aware of the problem in flight. The
consequences of this type of SD are often severe. Most type I SD leads to the controlled flight into terrain
(CFIT). Although many serious accidents are caused by unrecognized SD, there is a lack of research
because unrecognized SD is under the cognitive threshold.

Recognized SD, type II, refers to a kind of misperception in which pilots make false judgments about
flight altitude, position, motion. Moreover, they experience conflicts between the actual space state
and the instrument’s visual space state. Fortunately, pilots get aware of these problems immediately.
Incapacitating SD, type III, refers to a kind of mental imbalance, in which pilots misjudge the flight
altitude, position, and motion status, and they are aware of these errors. In recent years, scholars agree
that the three types of SD are a continuous process [7]. They are divided into three categories based on
the different cognitive levels in the brain [3].

Although the research on SD has been carried out for more than four decades, SD still seriously affects
the flight safety. 54% of the flight accidents in the past ten years were related to SD. On an average, Class
A accidents occur per million flight hours. With the continuous improvement in the aircraft speed, there
is an increase in the accident rate due to SD. Unrecognized SD accounts to 80–85% of the total accidents
arising due to SD, of which a large proportion of them are fatal [8].

Many scholars have researched the SD mechanism, SD measurements, SD countermeasures, and
developed training programs for the pilots to avoid SD. Although these researches have outstanding
achievements, there are still some problems to be solved. Comparing the aviation accident data in Europe
from 1983–1992 and 1993–2002, it can be easily noted that though the total accident rate has decreased
from 4.17 times per million flight hours to 2.70 times per million flight hours, the proportion of accidents
caused by SD in total accidents has increased from 24.7% to 33.0% [9]. These numbers indicate that
flight accidents caused by SD are on a persistent increase.

One reason for this problem is that there is a no validated method for the objective measurement for SD.
None of the pilots’ selection criteria was carried out to screen the pilots’ susceptibility to SD. Besides, the
most important thing is that although a large number of the existing studies were aimed on the recognized
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SD (type II), only a few studies focus the unrecognized SD that results in the highest proportion of severe
flight accidents. Therefore, there is a need to develop an effective method to detect the unrecognized
SD. If unrecognized SD can be detected, the countermeasures against it can be definitely implemented.
Furthermore, the targeted countermeasures are needed to avoid and mitigate the unrecognized (Type I)
SD effects.

In the present study, we summarized the existing SD evaluation methods, and proposed a new method
to detect the unrecognized SD, which innovatively completes the identification of unrecognized SD under
the cognitive threshold. The developed evaluation method can assist the pilots to understand the feelings
and physical changes, when exposed to unrecognized SD. We believe that the proposed evaluation method
can provide a strong support for the countermeasure of unrecognized SD and solve the severe flight
accidents fundamentally caused by the unrecognized SD.

2. Assessment of SD

Considering the research on SD, there is an urgent need for an objective, scientific, and effective
evaluation method to study the generation mechanism of SD and develop relevant countermeasures against
SD. Scholars have used one or more evaluation methods to assess SD. The evaluation methods include the
subjective questionnaires, behavioral methods (eye-movements, flight performance, posture response),
neurocognitive methods (electrogastrogram (EEG)) [10], and psychophysiological methods. Physiological
data includes: electrogastrography (EGG), electrocardiography (ECG), heart rate (HR), blood pressure
(BP), respiratory rate, tidal volume, electromyography (EMG), electrooculogram (EOG), skin electrical
activity, and salivary cortisol level. Psychological data includes: questionnaires for analyzing the changes
in tension, subjective physical, psychical state, reconstruction interviews, task response time, and accuracy.

The present study focused on developing the subjective questionnaires and posture balance analysis.
We devised an objective and scientific detection method suitable for unrecognized SD from the two
evaluation methods. Other evaluation methods (EEG signal analysis, physiological parameter detection,
psychological parameter analysis, eye movement tracking, flight phenotype, cognitive task completion
level, etc.) will be analyzed and dealt with our subsequent studies.

3. Evaluation using a questionnaire

Among all the detection methods, the subjective questionnaire is the earliest method used in SD studies.
This method plays an essential role in SD detection and assessment. Most of the existing studies have
used one or more questionnaires to evaluate SD. The methods include direct questions (questions about
the judgment of position and physical state) [11], the questions of symptoms related to SD (vertigo,
dizziness, and nausea, etc.) and a questionnaire of a complex scale to confirm the degree and grade of SD.

The use of the questionnaire covers most of the subjective evaluation methods. The content of the
questionnaires involves the process of SD, the environment at that moment, actual flight state, pilot’s
physical condition, and feelings. At present, a series of researches on SD have used the subjective
questions or questionnaires to evaluate SD.

3.1. Pensacola motion sickness questionnaire (MSQ)

The first questionnaire used to evaluate the orientation problem was the Pensacola motion sickness
questionnaire (MSQ) in the 1960s [12,13]. MSQ was based on the scoring scheme designed by Alexander
et al. [14]. Since the 1980s, MSQ has been widely used to study the problem of orientation and MS. Later
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in 2001, the motion sickness assessment questionnaire (MSAQ) was modified and processed based on
MSQ. Gianaros et al. [15] designed the MSAQ for motion sickness. The results showed that MSAQ was
a useful tool to assess motion sickness, and it could be used to evaluate motion sickness from multiple
perspectives.

Another questionnaire is the motion sickness susceptibility questionnaire (MSSQ), which assesses
the MS caused by an external stimulus [16]. As MSQ is not suitable for mild orientation problems and
temporary vertigo, some scholars have designed MSSQ. In a study in 2017, the authors proposed to use
the MSSQ-short to evaluate MS susceptibility to mild symptoms, such as visually evoked vection [17].
Vection is also known as relative motion illusion [18]. When participants watched the rotating scene, they
will mistakenly think that their bodies were rotating too [19]; this phenomenon is a typical SD.

3.2. Simulator sickness questionnaire (SSQ)

Since the 1980s, MSQ has been widely used to study the problem of MS and SD. Some scholars
began to design questionnaires for SD and simulator sickness (SS). As stated before, SS, SD, and MS are
inseparable [20]. In 1997, Kennedy et al. [21] used SSQ to evaluate the simulator-induced SD. In the
follow-up studies by other researchers, SSQ has been applied to evaluate simulator sickness.

In addition to the study of simulator sickness, other scholars had used SSQ to study the effects of
exposure to SD in simulated flight [22,23]. Their results indicated that the application of SSQ could
provide an assessment evidence for SD. Nevertheless; the existing problems are still very prominent. This
questionnaire was not aimed at SD and cannot be merely used to evaluate SD.

3.3. Spatial disorientation questionnaire

During the application of SSQ, some scholars designed a special questionnaire for SD. Durnford et
al. [24] used a questionnaire for SD in a US Army rotary survey in 1996. The content of this questionnaire
was different from the former ones. This questionnaire focused on the frequency of SD episodes, the
types of SD, the description, and the classification of SD. The contents of the questionnaire included
mild disorientation, significant disorientation, and severe disorientation. The results confirmed that young
pilots are more susceptible to SD than older pilots, indicating that this questionnaire played a due role in
evaluating SD. Similar results were reported by Wang et al. [25] and Sharon Holmes et al. [26]. They
found a significant difference in the score of the scale with or without SD flight experience.

Subsequently, a study on SD by Stephens [3] used a subjective questionnaire confirming that it was
feasible to use a questionnaire to evaluate SD.

Some scholars studied vertigo along with the occurrence of spatial disorientation, like Subtil et al. [27].
The questions they used included the specific flight environment as well as the degree and duration of
vertigo. Christine M. et al. [28] improved the grading and degree of vertigo based on the previous study.
They proved that the subjective questionnaire method was reliable in the SD evaluation.

The latest study was carried out by Helena et al. in 2020 [29]. They designed a detailed SD evaluation
questionnaire to assess the effect of SD training. Their result shows that this SD questionnaire could be
used to evaluate the training result. However, the questionnaire is not during SD but after the end of the
SD experience. Therefore, although this evaluation method is useful, it is not objective.

3.4. Analysis and summary

The symptoms of SD are usually similar to those of motion sickness and simulator sickness [30].
According to most scholars’ consensus, SD, simulator sickness, and MS belong to the orientation
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disorders, which overlap each other [3]. Therefore, it was reasonable to evaluate SD with MSQ or SSQ.
The questionnaire results were straightforward to understand the status of the pilots, especially those in
the in-flight training.

Although this method is useful, there are still some problems associated with it. Participants usually
fill in the questionnaire before or after the experiment. So, it is not timely and the participants’ exact
feeling when they are experiencing SD cannot be truly depicted. Therefore, the subjective component is
large, which varies with different pilots. Moreover, it is not easy to get a consistent flight environment
and flight-feelings encountered during the SD. Therefore, some studies adopt the subjective response to
SD without setting too many questions or interrupting the experiment [31].

Moreover, the existing questionnaire method works on the condition that the pilots experienced SD
and recognized SD. In these studies, the subjective investigation results of ‘no SD’ are classified as the
non-occurrence of SD. However, according to the SD classification, unrecognized SD can occur, even
if there is no subjective feeling of SD. As a result, unrecognized SD cannot be identified solely by the
questionnaire method. Therefore, this evaluation method is efficient in Type II (recognized SD) and Type
III (incapacitating SD). However, it cannot give an adequate evaluation of the unrecognized SD.

4. Evaluation by behavior data

Ethology is the study of human responses to stimuli in internal and external environments. Many studies
have shown that during the occurrence of SD, the cognitive ability and flight performance of the pilots
decrease significantly. Besides, the behavior of the postural sway is also closely related to the occurrence
of SD. Thus, the analysis of postural sway can also be used in the medical field.

The behavioral evaluation method plays an essential role in the countermeasures against SD, including
the correctness and efficiency of operation and the behavioral characteristics under flight illusion (eye
movement, head movement, body sway, etc.). Human balance and posture are mainly determined from
the external information from the visual, vestibular, and proprioceptive systems. The postural response
is generally matched with the visual environment. Spatial disorientation may occur, when the visual
information conflicts with the vestibular or proprioceptive information, causing a postural instability.
When SD occurs, the participants showed an involuntary tilt of the body. In this case, complete vestibular
information is essential for the orientation. Therefore, it is vital to stabilize the head and improve the
vestibular input for the posture control.

4.1. Posture control in vection

Vection is a kind of SD, which is indirectly correlated with MS through the posture activity. The
relationship between the postural sway and vection has been reported previously [32]. Since 2002, several
postural sway studies have used force platforms to collect the center of pressure (CoP) changes in the
experiment [33,34]. They concluded that there were significant differences in the CoP between the vection
and non-vection.

Subsequently, in a study in 2015, Da-Silva et al. [35] adopted a dynamic virtual stimulus device to
cause vection and analyzed the CoP data from the participants at different speeds and directions of visual
scenes. Their results showed that under relative motion illusion, the human body’s posture balance was
broken, and the plantar pressure center showed apparent changes.

More and more evidence shows that the postural instability differences can predict vection and SD,
when exposed to optical flow stimulation [32,36]. No doubt, observing a moving field of vision can
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lead to disorientation [37], which may be reflected in postural adjustments. However, in some visually
induced SD conditions, the postural sway differences were usually too small to threaten balance [38]. This
condition is known as unrecognized SD, and it is the biggest threat to the safety of the flight. Therefore,
even pilots do not cognize SD. It is still possible to find problems from their postural sway.

4.2. Posture control in MS

In addition to the studies on the postural sway exposed to vection, some scholars used the postural
stability to evaluate the susceptibility of MS. According to Riccio and Stoffregen [39], postural instability
is an indicator of MS. Some scholars were in an agreement with this view [40,41]. The stability of the
body of the participants was an important factor to predict whether they were likely to experience the
visually induced motion sickness (VIMS) or not [42].

Laboissiere et al. [43] investigated the relationship between the susceptibility to MS and posture stabil-
ity. The results showed that the subjects with a history of MS showed more high-frequency components
in the visual flow scene. As for visually induced MS, participants with a history of MS exhibited more
postural swings in the low-frequency signal. The result concluded that the specific power spectral density
(PSD) of the participants assessed the MS levels.

Kim [44] used the virtual reality technology to induce MS. In their research SSQ and posture control
were used to evaluate the degree of disorientation in the participants. The results showed that different
visual scenes induced different degrees of MS. Moreover, the reduction in motion sickness was related to
a stable posture control in the participants, and vice versa. The study suggested that the severity of SD in
the participants was directly proportional to the difficulty in the control of the postural balance.

4.3. Analysis and summary

Postural sway is usually regarded as an objective index to evaluate the vection. Visually induced
postural sway can occur without any subjective illusory [45,46]. Furthermore, the degree of visually
induced postural sway has increased along with the rising of visual scene motion. Kuno et al. [47] reported
that the increase in the visually induced postural sway resulted in an additional vection. Recent research
has even shown that the postural instability can successfully predict vection [48].

The above studies show that the postural sway is closely related to the occurrence of SD. The posture
balance is often used in the medical to determine whether the orientation function is normal. The data from
postural sway is objective and not affected by the subjective factors. This sway includes two situations: 1)
the subjects do not think there is a sway in their body or 2) the subjects report a sway in their body. In
the first case, this condition is under the cognitive threshold and belongs to the unrecognized SD. In the
second case, this condition is over the cognitive threshold and belongs to the recognized SD. Therefore,
the behavioral evaluation method can be applied to evaluate both the unrecognized SD and recognized
SD.

5. Assessment of unrecognized SD

Based on the analysis and summary of the above research, the present study proposed an evaluation
method for the unrecognized SD that was named as the subjective report with postural sway (SRPS).
This evaluation method has been tried in our previous research and proved to be feasible [49]. It is hoped
that this evaluation method for unrecognized SD can provide a strong support for the screening of the
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pilots and developing countermeasures against the unrecognized SD, thereby solving the serious flight
accidents caused fundamentally by the unrecognized SD.

Herein, the advantages and details of the evaluation method are discussed. The evaluation method
combines the subjective reports with the CoP data to detect the unrecognized SD. Participants who were
exposed to the visual flow were asked to keep their bodies as much as possible still. Then, due to the
sensory conflict, SD appears in some participants, leading to a postural sway. Throughout the experiments,
the CoP data and the participants’ subjective reports (whether they experience SD) were recorded.

5.1. Subjective report

The focus of this detection was unrecognized SD, which the participants did not recognize. At the end
of each trial, the participants answered whether they experienced SD or not. Here, SD is defined as the
feeling that the body was moving or spinning.

The participants’ answer fell into two categories:
1) if the participant answered ‘Yes, I am moving or spinning’, he experienced recognized SD (the

illusion of relative motion). Here, ‘+’ is used to represent this case.
2) if the participant answered ‘No, I am not moving or spinning.’, he might experience unrecognized

SD or did not experience SD at all. Here, ‘−’ is used to represent this case.

5.2. Postural sway (CoP oscillation)

To verify whether the CoP oscillation of participants significantly deviated on exposure to the visual
flow, it was necessary to determine a normal CoP oscillation range when the participants were not exposed
to visual flow. The normal range was obtained from the control trials.

In this experiment, the test time was 30 seconds each time, the sampling frequency was 1000 Hz, the
filtering was 100 Hz low-pass filter and the data of COPX and COPY was collected, using the Bertec
FP4060-08 as the force platform.

In the original data collected by the force platform, the origin of the coordinate was located at the
center of the force platform. However, the coordinate of the pressure center could be negative in this case.
For the convenience of subsequent analysis, we first transformed the origin to the lower left corner of the
force platform through the coordinate transformation, so that all coordinate points of the pressure center
were positive. Then, a MATLAB program was devised to filter the collected data and used a low-pass
Butterworth filter with a cut-off frequency of 10 Hz. Each participant underwent at least six controlled
trials (no visual stimulation, balanced standing) before each experiment. The CoP data of these control
trials was calculated to obtain a confidence interval of 95% [50], which was used as the normal CoP
oscillation range.

When the participant was exposed to visual flow, the CoP data was recorded, and the Standard Deviation
(σ) of CoP was calculated [51]. The value of σ represents the dispersion of the CoP.

The purpose of the deviation calculation was to know whether the subject exhibited SD, while receiving
the visual stimulation. As a result, the total standard deviation of COP (σ) in both the X and Y axes was
used. The formula to calculate the total σ in the plane is as follows:

σ =
√∑

[(xm − xi)2 + (ym − yi)2]/n (1)

where, xm =
∑
xi/n, ym =

∑
yi/n, xi, yi are the coordinates of the ith sampling point in the X

direction and Y direction respectively, n = 30000.
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Table 1
Evaluation method of unrecognized SD

Subjective answer Standard deviation Result
+ + Recognized SD
+ − Recognized SD
− + Unrecognized SD
− − Non-SD

The standard deviation (σ) was used to study whether the subjects exhibited SD during visual stimula-
tion. Each subject was subjected to 12 trials under an experimental stimulus, including 6 control trials
and 6 test trials. A confidence interval of 95% was obtained by using the data of these six control trials, in
which the variance was unknown and the confidence interval of the mean was found. The T-statistic was
obtained by the expression:

T =
x̄− µ
s/
√
n
∼ t (n− 1) (2)

The confidence interval was obtained by:(
x̄− s√

n
t1−α

2
(n− 1), x̄+

s√
n
t1−α

2
(n− 1)

)
(3)

The formula to calculate s is as follows:

s2 =
1

n− 1
(

n∑
i=1

x2i − nx̄) (4)

The s x̄ was calculated as:

x̄ =

n∑
i=1

xi (5)

n = 6, α = 0.95, t1−α

2
(n− 1) = t0.975(5) ≈ 2.57.

If the σ of CoP exceeded the maximum confidence interval in the trials of the visual flow, it was judged
that the postures sway exhibited a statistically significant deviation. In this case, this deviation was due
to SD. On the contrary, when the σ value was less than or equal to the maximum of the confidence
interval, it was judged that there was no statistically significant deviation in the postures sway. In this
case, participants did not experience SD.

In general, if σ fell to the right side of the confidence interval, CoP data of this test was significantly
different from that of the control group (represented by +). If σ fell to the left side of the confidence
interval, there was no significant difference with the control group (represented by −).

5.3. Subjective report with postural sway (SRPS)

By combining the CoP oscillation with the subjective answer, the detection of unrecognized SD was
made (Table 1) as shown as follows:

1) Recognized SD: The subjective answer was ‘Yes’ (+), and the σ was to the right side of the
confidence interval (+). The participant knew that he experienced the illusion of relative motion and
was not able to control his body quietly.

2) Recognized SD: The subjective answer was ‘Yes’ (+), and the σ was to the left side of the confidence
interval (−). The participant knew that he experienced the illusion of relative motion, and he was
able to control his body quietly.
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3) Unrecognized SD: The subjective answer was ‘No’ (−), and the σ was to the right side of the
confidence interval (+). Visual stimuli affected the posture balance, indicating that the participant
was unable to control his body quietly. The participant already experienced a relative motion illusion,
but he was unable to cognize it.

4) Non-SD: The subjective answer was ‘No’ (−), and the σ was to the left side of the confidence
interval (−). The participant did not think that he experienced the illusion of relative motion, and he
was able to control his body quietly.

Thus, through the combination of the subjective answer and the objective judgment (CoP oscillation),
it was clearly evident whether unrecognized SD occured or not. This method provides a theoretical basis
for the detection of the unrecognized SD.

6. Discussion

It is a known fact that SD seriously affects the flight safety. Although SD has been studied by many
scholars, there is a lack of relevant studies on the unrecognized SD (a type of SD that leads to serious
flight accidents). The reason is that unrecognized SD belongs to the subconscious level, which is under
the threshold of cognition. Because of the lack of valid evaluation methods for unrecognized SD, the
accidents caused by unrecognized SD cannot be solved fundamentally.

In pursuit of these problems, in the present study, we summarized the existing SD evaluation methods.
Among these methods, we focused on the advantages and disadvantages of the subjective evaluation
method and the behavior evaluation method. Subsequently, we proposed a novel method to detect the
unrecognized SD. This method combined the subjective answers with the CoP oscillation and was aimed
to detect the unrecognized SD. By adopting this method, it can be realized, whether the pilot experienced
the unrecognized SD.

6.1. Discussion of evaluation methods

Over the years, many scholars have devoted themselves to assess SD. Moreover, several evaluation
methods have been put out for SD, but no effective and uniform evaluation methods exist to evaluate the
unrecognized SD.

For subjective assessment, the mainstream method is a questionnaire survey before and after the
experiment. It is helpful to evaluate the frequency of SD occurrence and the flight scene. However, his
method has some subjective components. It takes much time to fill in the questionnaire, and the pilots’
status cannot be recorded in real-time. Therefore, this evaluation method applies to recognized SD above
the cognitive threshold [19].

The behavioral assessment is based on an objective evaluation, such as eye-tracking and body posture
balance detection. Postural imbalance occurs, when the participant experiences SD. Accordingly, in the
trails of no subjective answer of SD, if participants’ posture significantly sways, this condition belongs to
the unrecognized SD.

6.2. Advantages of the subjective report with postural sway

By reviewing and summarizing the existing evaluation methods, we proposed a method that combined
the subjective reports with the posture balance to detect unrecognized SD. We named this evaluation
method as the subjective report with postural sway (SRPS). The CoP data of participants was collected to
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determine whether SD occurred or not. By analyzing the RMS of CoP, it was objectively determined,
whether the participant experienced SD or not.

This evaluation method can provide a theoretical basis to detect the unrecognized SD. In previous
studies, we have used this method to detect unrecognized SD and analyzed the EEG signal characteristics,
when unrecognized SD occurs [49].

Literature shows that some scholars studied the pilots’ cognition and perception of SD using the
functional magnetic resonance imaging (fMRI) [7,52]. In addition to fMRI application, positron emission
tomography (PET) [53] and magnetoencephalography (MEG) [19] have also been adopted to study SD.
Since participants cannot move during fMRI, PET, or MEG scanning, visual flow stimuli was mostly
used to induce SD. This pointed out a new direction in the research of unrecognized SD.

7. Conclusion

SD is known to seriously affect the flight safety. We put forward an assessment method that combined
the subjective reports with the postural sway (SRPS), thus aiming at unrecognized SD. This method
confirmed whether the participant was aware of SD and then the behavioral data was analyzed. It makes
up for the blank of the detection of unrecognized SD. Using the new evaluation method, we can also help
the pilots understand the feelings and physical changes, if they get exposed to unrecognized SD. We hope
that this evaluation method can provide a strong support as a countermeasure for unrecognized SD and
help to minimize the severe flight accidents fundamentally caused by unrecognized SD.
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