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Measurement of military aircrews' ability to adapt to human
centrifuge and the effect of gender differences
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This study investigates the stressor of

military  aircrews  when  undergoing
centrifuge training and determines what
training items cognitively promote trainees’
G tolerance in order to thereby lower the
incidence ~ of  G-induced loss  of
consciousness (G-LOC) for the crews of
aircraft.

high-performance combat

Questionnaires are used to assess the

stress-influence  factors of crews in
undergoing centrifuge training. Attributes
are identified by the aviation physiology
professionals and then grouped according to
their

Aircrews’

influence on military aircrews.
stress influenced by centrifuge
training is decomposed into three constructs
by factor analysis, theory lecture, centrifuge
equipment and physical fitness.
Considerable interpenetration is discernible
between these factors and the subjects’ age,
service age, flight hours and the fighter jet
they pilot. The study results are used as the
basis to implement stress management and
to improve training quality and to ensure
safety by effectively identifying and
measuring the cognitive stressors when

undergoing human-use centrifuge training.

Keywords: human-use centrifuge, G-LOC,
stressor
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Acceleration (G) is one of the major
physical stresses associated with combat
flying [1]. The gravitational force (G-force)
is the measurement of an object with
velocity proportional to the multiples of G
and induced in the direction opposing that
from which the object receives force. Rapid
acceleration of a jet fighter generates G
force. A G-force from six to nine is usually
defined as a high G-force. With high
positive G (>+6G), the blood flow of the
aircrew could hardly reach the brain, rapidly
causing hypoxia and consequent loss of
consciousness. In 1982, two jet fighters of
the United States Air Force School of
Aerospace Medicine crashed due to
G-induced loss of consciousness (G-LOC).
Before this incident, the U.S. Air Force
(USAF) had paid attention to the severity of
G-LOC. Statistics show that there were 18
incidents of G-LOC (14 fatalities) from
1982 to 1990 [16]. The Royal Air Force of
the United Kingdom ran a survey in 1987
and showed that 19.3 per cent of the
aircrews had suffered from G-LOC
[6](Green and Ford, 2006). G-LOC followed
by an incapacitation period leads to fatal
crashes and great damage. Therefore, how to
reduce the incidence of G-LOC and prevent
G-LOC have been the main research topics
in developed countries.

The average cost for
heavy-jet pilot is over US$800,000, and no
country can afford to lose a well-trained

training a

pilot. North Atlantic Treaty Organization
(NATO) air forces, including the USAF,
have centrifuge-training programs in place.
Intensive periodic human centrifuge training,
similar to the hypoxia-recognition test in the
hypobaric chamber, has been recommended,
not only for high-performance aircraft pilots

but for any pilot who can perform aerobatics.
This training will allow each pilot to
recognize, in a controlled and safe
environment, his consciousness endpoint
when undergoing +Gz manoeuvres [Alvim
1995]. One of the important results of
high-G research is the demonstration that
subjects could be trained to tolerate high-G
loads for prolonged periods (9-G up to 45
sec) in a human centrifuge by an optimally
effective  anti-G  straining manoeuvre
(AGSM) [Modak 2002]. The current
USAF-approved AGSM is the L-1, which
combines a regular 3-second strain (valsalva)
against a closed glottis, interrupted by a
rapid exhalation and inhalation (< 0.5
seconds), with a tensing of all major muscle
groups of the abdomen, arms, and legs.

Since 1989, the Taiwanese air force has
purchased high-performance jet fighters
(e.g., F-16A/B and Mirage 2000-5) and
Ching-Kuo
Defensive Fighter (IDF) in cooperation with

developed the Indigenous
major US aerospace industries to replace
aged fighters for security efforts across the
Taiwan Strait since 1989. That means that
military aircrews need to increase their
G-tolerance and physical capabilities in
order to pilot high-performance jet fighters.
Because of crashes that were due to the
unconsciousness of aircrews with high-G
intolerance during missions, the Taiwanese
air force also purchased the human-use
centrifuge (Fig. 1) along with Taiwanese
second-generation jet fighters in order to
lower the incidence of G-LOC by training
the aircrews of high-performance combat
aircrafts. A human-use centrifuge is a large
ground-based machine that uses accelerated
centrifugal force to simulate G-force during
air combat flights.
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Figure 1. Human-use centrifuge

The current G-environment in air
warfare is very dangerous, especially to
those fighter pilots who are unfamiliar with
the physical effects caused by continuous
high G-force, and those who do not fully
understand how to avoid its consequence [2].
Several physiology aviation studies have
aimed to identify the causes of G-LOC, and
find ways to improve trainees’ G-tolerance
and reactions to G-force [3][4][5][6]1[71[8]1[9]
[1O][11][12][13].
effectiveness

However, the
of human-use centrifuge
training is not yet ideal; whereas 80.3
percent of trainees considered lectures
related to the theories of preventing G-LOC
to be very important or relevantly important,
only 55.6 percent thought they had benefited
from human-use centrifuge training [2].
Therefore, there is a need to determine the
that affect the

usefulness of these complex and strict

stress influence factors

human-use centrifuge training programs. To
ensure and enhance the effectiveness of the
human-use centrifuge training program, this
which

increase/reduce the amount of stress that

study assesses training  items

aircrews experience during human-use

centrifuge training

RS A 0

1. G-Induced Loss of Consciousness

Burton [5] defines G-LOC as a state of
altered perception wherein (one's) awareness
of reality is absent as a result of sudden,
blood
circulation caused by increased G-force.

critical reduction of cerebral
Humans’ daily activities normally take place
in one +G environment. Our muscles, blood

circulations, viscera, and nervous systems



are accustomed to existing forces and
pressures. When jet fighter pilots perform
aerial acrobatics that require acceleration of
circular motion, such as continuously rapid
changes of direction during air combat,
after aerial

climbing diving, and

bombardments, aircrews experience a
reduction of cerebral blood flow, which
shifts toward the lower extremities due to
the centrifugal force caused by fast turns.
The first organs to be affected are the eyes -
tunnel vision, greyout or blackout may occur.
However, at this point, the aircrews still
remain conscious and are able to pilot the
aircrafts. If ischemia continues or worsens,
though, brain cells are upset due to hypoxia,
which and leads to complete loss of
consciousness and loss of control of the

aircraft.

2. Acceleration (+G) versus time (s)

Figure 2 shows the tolerance to
acceleration (+G) without the use of any
G-protection device or Anti-G Straining
Manoeuvre (AGSM) over time (in seconds).
The area above and to the right of the solid
black line represents a situation of loss of
consciousness; the area between the solid
black and grey lines represents situations in
which the trainee’ s vision is disrupted (e.g.,
greyout or blackout), normally without
losing consciousness; the area below the
grey line and left of the lines represent
situations in which a person suffers no visual
disturbance or loss of consciousness

[14][15].

Acceleration (+G)
n
-<

Time (s)
Figure 2. Acceleration (+G) versus time (s)

When blood supply to the head
decreases, first, peripheral vision starts to
deteriorate, followed by loss of central
vision follows. When the blood supply
returns to the head, the recovery of vision
may be immediate. The loss of brain
function is faster than loss of vision, though.
After being resupplied with blood, the brain
experiences an incapacitation period that
lasts about 30 seconds before recovering.
During the incapacitation period,
involuntary limb spasm and fantasy may
occur. After the incapacitation period ends,
some extra time (up to two minutes) is
required before aircrews are fully recovered
and able to have cognition and act. The
incapacitation and recovery periods are the
main reasons why aircrews that suffer
G-LOC cannot immediately correct the state
of their aircraft after losing control, and
G-LOC
incapacitation, which can be characterized

crashes  occur. results in

by an unconscious period (absolute
incapacitation) and a subsequent period of
confusion/disorientation (relative
incapacitation). The sum of the absolute and
relative incapacitation periods represents the
total incapacitation period and may be
equated to the overall length of time during
which a pilot would be in uncontrolled flight,

should G-LOC occur [Whinnery 1987].

The mechanical structures of modern



high-performance military fighters can
sustain continuous, high G-force. Their use
the

rapidly generate

of a fly-by-wire system amplifies

aircraft’ s ability to
G-force (>6G/sec) and receive continuously
high G-force (>6G, >30sec)(More than 6Gs
for more than 30 seconds). Although the
of

significantly increases the performance of

development aviation  technology
jet fighters, and thus the advantages in air
combat, the performance of jet fighters is
by

limitations. G-LOC is one of the challenges.

restricted pilots’ physiological
The ability of high-performance jet fighters
to rapidly generate high G-force may put
aircrews into unconsciousness without any
warning such as greyout or blackout. This
that

unprepared to receive G-force (e.g., rear-seat

usually happens to aircrews are
aircrews), or when aircrews stop an anti-G
(AGSM) due

distraction of attention (e.g., searching for

straining manoeuvre to

enemies). The centrifuge is an ideal ground-
based simulator where lessons can be learnt,
a critical evaluation of a pilot’ s AGSM can
be made, and proper technique can be taught

[2].

TP EaRE

1. Methodology

This study assessed the sources of

stress for aircrews taking centrifuge
training and measured which training
items cognitively promote trainees’ G
tolerance in order to thereby help lower
the incidence of G-LOC. A questionnaire
was distributed individually to military
aircrew in Taiwan who are scheduled to
take

January 2009

between
20009.

human-use centrifuge

and December

3. uman-Use Centrifuge Training
Program

Human tolerance of G-force depends
on its magnitude, duration and direction as
well as the posture of the body [1]. In the
1990s, U.S. and NATO air forces started to
require that their aircrews take human-use
programs.  These
the of
higher-performance jet fighters with training

centrifuge  training

programs  provide aircrews
in an artificial G environment that is under
[17].

human-use centrifuge training program has

control The effectiveness of a
been endorsed by many countries as helping
1) to understand the

physical impacts of G-force on the aircrews

in the following:

and the effects of a high-G environment on
the human body in order to thereby have
accurate  AGSM
protection equipment (e.g.,

training and effective
anti-G-suits,
pressure breathing); 2) to avoid risks of
in-flight G exposure and to reduce training
cost; and 3) to improve the adaptation or
compensation of the cardiovascular system
by the high-G
environment of a human-use centrifug

repeated exposure to

Military aircrew members were reached
immediately after undergoing human-use
centrifuge training and asked to complete
the self-administered questionnaire. It

contained 30 items identified from

military  instructors and  aviation
physiology experts, measured using a
five-point Likert scale (I = strongly
disagree; 2 = disagree; 3 = neutral; 4 =
agree; 5 = strongly agree). Respondents
were asked to measure the stress-influence
items. The questionnaire was piloted on a
small sample (48) of subjects to assess its

content validity, internal consistency and

5



reliability. It was then directly distributed
to 611
scheduled to take centrifuge training in
2009. Out of these, 460 respondents
returned completed usable questionnaires,
which, with the
provided a total of 508 usable responses.
Table 1

characteristics.

military aircrew  members

48 pilot responses,

summarizes the sample

508

respondents, all military ranks are well

Among the

represented (39 medical technicians; 74
student-officers; 105 Second Lieutenants;
82 First Lieutenants; 48 Captains; 51

Majors; 87 Lieutenant Colonels, and 22
Forth
respondents have more than 500 flight
hours and about one-third (32%) have
more than 1,000 flight hours. About 34

percent of the respondents are pilots of

Colonels). percent of  the

Taiwanese second-generation jet fighters
(including F-16A/B, Mirage 2000-5 and
IDF). Lastly, more than 27 percent of the
respondents have served in the air force

for more than ten years.

Table 1. Sample characteristics n=508

Variable Sample size Percentage
Colonel 22 4.3%
Lieutenant Colonel 88 17.3%
Major 51 10.0%
Captain 48 9.4%
rank
First Lieutenant 82 16.1%
Second Lieutenant 105 20.7%
student-officer 73 14.4%
medical technicians 39 7.7%
0-200 227 44.7%
201-500 76 15.0%
flight hour 501-1000 45 8.9%
1001-2000 75 14.8%
2001-over 85 16.7%
M2000-5 22 4.3%
F-16 72 14.2%
sircraft IDF 79 15.6%
F-5E/F 112 22.0%
AT-3 17 3.3%
Others 206 40.6%
service age <5 years 305 60.0%
> 5 years and < 10 years 64 12.6%

> 10 years and < 15 years 53

10.4%



> 15 years

86 16.9%

Using factor analysis helps the air
force understand what training items
cognitively promote trainees’ G tolerance
in order to thereby lower the incidence of
G-LOC for the crews of high-performance
combat aircraft and plan suitable stress
management. This study conducted factor
analysis in order to find a way to condense
in the 30

original variables into a smaller set of new,

the information contained

composite factors (dimensions) with a
minimum loss of information — that is, to
search for and define the fundamental
constructs  (dimensions) assumed to
underlie the original 30 variables. Factor
analysis is an algebraic method for
determining the general dimensions or
factors that exist within a set of concrete
observations. Once these dimensions have
been determined, the two primary uses of
factor analysis — summarization and data
reduction — can be achieved. In
summarizing the data, the underlying
dimensions derived from factor analysis,
when interpreted and understood, describe
the data in terms of a much smaller
number of concepts than conveyed by the
original 30 variables. In data reduction,
factor analysis determines the important
dimensions that underlie the crews’
stressors. To search for structure among
the 30 variables, this study conducts an
exploratory factor analysis. In this sense,
factor analysis does not establish any a

priori constraints on the estimation of

components or the number of components
to be extracted.

The analysis of data is conducted in
two stages. First, 30 stressor items are
factor analyzed, by factoring the principle
components with a Varimax rotation
procedure to identify the underlying
dimensions of attributes perceived by
military aircrew members when taking
centrifuge training. All factors
(dimensions) had an eigenvalue greater
than one. and only factor loadings greater
than 0.5 are included in each factor
grouping. Cronbach’s alpha is used to
assess the reliability of the identified
selection factors. Finally, an analysis of
variance is used to assess whether stressor
variations exist among respondents in
terms of ranks, jet fighters, and service
ages. A Scheffe multiple range test (with
the alpha level set at 0.05) is performed to
specify which means are statistically

significant.

2. Results

To select the best items to be used on
the final version of measurement, from
which future measurements will be drawn
in part or in whole, this study first
conducts item analysis regarding how
subjects responded to each item and how
each item relates to overall performance
[18][19]. Item analysis also ascertains
whether the removal of any particular item

would increase the reliability of the



assessment. The method of extreme
groups compares item responses by
splitting respondents into three groups
based on total scores, wherein the upper
group contains the top 25 percent and the
lower group contains the bottom 25
percent. Appendix A shows the results of
an independent sample test for individual
items, and all items were found to be
useful measures of individual differences
in ability to adapt to the stress of

human-centrifuge training.

3. Analysis of variance

First, the KMO index of 0.899
(p-value=0.000) indicates that the data are
likely to factor well based on correlation
and partial correlation, and that the data
support the use of factor analysis. Further,
it suggests that the data may be grouped
into a smaller set of underlying factors. 26
attributes met the 0.5 cut-off point and are
included in subsequent analysis. Factor
analysis of the ultimate 26 stressors
resulted in three factor groupings, which
explained 60 percent of the stressor
variance. All the factor loadings were
greater than 0.50 (see Table 2), indicating
a good correlation between the stressors
and the factor grouping to which they
belonged. The relatively high Alpha
Coefficients for three factors (theory
lecture, 0=.922; centrifuge equipment,
0=.888; physical fitness, a=.867) indicate
that the factors were internally consistent.
Each factor was named according to the
higher loadings and common

characteristics of included variables.

Table 2. Rotated component matrix

Rotated Component Matrix

Component
1 2
T2 .847 -.035 -.047
T6 .823 -.090 -.036
T7 .820 -.075 .022
T4 .817 -.087 .075
T1 .806 -.069 -.038
T5 .800 -.035 -.065
T3 .796 -.058 .013
T10 .780 -.132 .067
T8 .749 -.144 154
T9 .546 .004 -.082
E4 - 117 .822 .190
E6 -.065 .812 .186
E8 -.148 .808 .145
E10 -.069 .789 151
E9 -.102 .770 .093
E5 .008 .756 .200
E3 -.076 .746 .160
E7 -.065 .530 107
P4 .051 .010 .789
P3 .002 .149 .743
P7 .014 .090 724
P2 -.029 .264 710}
P8 .016 .225 .701
P9 -.010 .043 .689]
P10 -.052 274 .655
P1 .027 .331 .558|

Factor 1, labeled “Theory lecture”,



had ten attributes attached, explained
27.83 per cent of the variance, and had a
reliability coefficient of 0.922. Factor 2,
labeled “Centrifuge Equipment”, had 8
stressor attributes attached, explained
21.39 per cent of the variance, and
exhibited a reliability coefficient of 0.888.
Factor 3, labeled “Physical fitness”, had 8
attributes attached, explained 9.94 percent
of the variance, and had a reliability
coefficient of 0.867. The second stage of
the data analysis applied the analysis of
variance to the resulting stressor factors to
their significance for the
aircrew (Table 3), the jet fighters (Table 4),
the flight hours (Table 5), the service age
(Table 6), and the age of subjects (Table

7.

determine

A significant difference was found
between pilot and non-pilot subjects with
regard to the factor of ‘Physical fitness’.
The results in Table 3 show that non-pilot
subjects rated ‘Physical fitness’ as
significantly more stressful than pilot
subjects did. Table 4
ANOVA results in the fighter jet group

were prone to variation in respect of the

indicates that

‘Theory  lecture’ and  ‘Centrifuge
equipment’ factors. The second-generation
fighter jet group rated the ‘Centrifuge
equipment’ factor as significantly more
stressful than the non second-generation
group did, but the non second-generation

fighter jet group rated the ‘Theory lecture’

factor more likely to reduce the stress than
the second-generation group did. As for
flight Table 5
respondents with less than 500 flight hours

hours, shows that
group rated ‘Theory lecture’ as likely to
reduce stress more than respondents who
500 hours.

respondents with over 500 hours generally

had over Furthermore,
rated the ‘Centrifuge equipment’ factor as
significantly more stressful than those
with less than 500 hours. Table 6 indicates
that ANOVA results in the service age
group were prone to variation in regard to
the ‘Theory
equipment’ factors. Respondents with less

lecture’ and ‘Centrifuge
than two years of service generally rated
the “Theory lecture’ factor as likely to
reduce stress more than respondents with
Also,

respondents with more than 2-years of

over two years of service.
service generally rated the ‘Centrifuge
equipment’ factor as significantly more
stressful than respondents with less than
2-years of service. As for the crews’ ages,
Table 7 shows that respondents younger
than 25 rated the ‘“Theory lecture’ factor as
likely to reduce the stress more than
than 25; and
than 25
‘Centrifuge equipment’ as significantly
than did
younger than 25 years old.

respondents  older

respondents  older rated

more  stressful respondents

Table 3. Difference between stress-influence factors based on the aircrew

aircrew

Non-Pilot
(112)

Pilot )
F-ratio p-value
(396)




Theory lecture 4.463
Centrifuge equipment 2.682
Physical fitness 3.483

4.532 1910 0.168
2778 0.857 0.355
3207 1191 0.001#*

*p-value <0.05; **p-value < 0.01

Table 4. Difference between stress-influence factors based on the fighter jet variable

Non Second -Generation = Second- Generation
fighter jet F-ratio p-value
(335) (173)
Theory lecture 4.556 4.439 7.089  0.008**
Centrifuge equipment 3.3516 3.3796 40.74  0.000%**
Physical fitness 3.2046 3.2134 0.001 0.974

*p-value <0.05; **p-value < 0.01

Table 5. Difference between stress-influence factors based on the fight hour variable

Less than 500 hours
fight hour
(303)
Theory lecture 4.555
Centrifuge equipment 2.575
Physical fitness 3.296

More than 500 hours

F-ratio p-value
(205)
4.460 5.032  0.025*
3.031 36.351 0.000%**
3.225 1.080 0.299

*p-value <0.05; **p-value < 0.01

Table 6. Difference between stress-influence factors based on the service age variable

service age Less than two years (278)
Theory lecture 4.559
Centrifuge
) 2.532
equipment
Physical fitness 3.291

More than two years )
F-ratio P-value

(230)

4.464 5246  0.022%
3.033 4592 0.000%*
3.241 0.544 0.461

*p-value <0.05; **p-value < 0.01

Table 7. Difference between stress-influence factors based on the subject age variable

age Less than 25 (230)

10

More than 25 (278) F-ratio p-value




Theory lecture 4.598
Centrifuge equipment 2.484
Physical fitness 3.243

4.448 13.20  0.000%**
2.986 46.24  0.000%**
3.289 0461 0.498

*p-value <0.05; **p-value < 0.01

Discussion

This study has identified three

distinct factors (dimensions) influencing

military aircrews’

stress when taking

centrifuge training, namely theory lecture,

centrifuge equipment and physical fitness.

Instructors could use the instrument to

obtain information on all stress- influence

factors related to the centrifuge training.

The air force can improve the training

program by investigating the needs of the

crews by using data collected with the

questionnaire.
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Appendix A

Levene's Test for Equality of Variances | t-test for Equality of Means
F Sig. t df  |Sig. (2-tailed)

T1 Equal variances assumed 5111 .025] -4.124 252 .000

Equal variances not assumed -4.124|251.261 .000
T2 Equal variances assumed 9.195 .003| -4.915 252 .000

Equal variances not assumed -4.915|238.628 .000
T3 Equal variances assumed 43.337 .000| -5.933 252 .000

Equal variances not assumed -5.933|209.786 .000
T4 Equal variances assumed 64.830 .000| -6.136 252 .000

Equal variances not assumed -6.136|222.024 .000
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T5 Equal variances assumed .635 426| -4.841 252 .000
Equal variances not assumed -4.8411246.977 .000
T6 Equal variances assumed 10.410 .001] -4.349 252 .000
Equal variances not assumed -4.349|240.400 .000
T7 Equal variances assumed 18.250 .000| -5.842 252 .000
Equal variances not assumed -5.842]|235.097 .000
T8 Equal variances assumed 79.606 .000| -5.878 252 .000
Equal variances not assumed -5.878/212.130 .000
T9 Equal variances assumed .929 .336] -3.295 252 .001
Equal variances not assumed -3.295|251.538 .001
T10 Equal variances assumed 42.311 .000| -5.585 252 .000
Equal variances not assumed -5.585|223.010 .000
E1 Equal variances assumed 3.128 .078| -2.875 252 .004
Equal variances not assumed -2.875|247.957 .004
E2 Equal variances assumed 2.931 .088] -2.116 252 .035
Equal variances not assumed -2.116]250.298 .035
E3 Equal variances assumed 8.639 .004] -11.247 252 .000
Equal variances not assumed -11.247|246.679 .000
E4 Equal variances assumed 15.376 .000|-13.687 252 .000
Equal variances not assumed -13.687(242.556 .000
E5 Equal variances assumed .746 .389|-14.685 252 .000
Equal variances not assumed -14.685/250.033 .000
E6 Equal variances assumed 5.399 .021]-13.553 252 .000
Equal variances not assumed -13.553(248.172 .000
E7 Equal variances assumed 2.213 .138] -6.029 252 .000
Equal variances not assumed -6.029] 149.113 .000
E8 Equal variances assumed 22.911 .000] -11.542 252 .000
Equal variances not assumed -11.542|228.290 .000
E9 Equal variances assumed 3.338 .069]-10.227 252 .000
Equal variances not assumed -10.227(250.447 .000
E10 Equal variances assumed 20.031 .000]-12.459 252 .000




Equal variances not assumed -12.459(236.482 .000
P1 Equal variances assumed 2.267 .133]-12.158 252 .000
Equal variances not assumed -12.158/250.003 .000
P2 Equal variances assumed 29.686 .000]-16.295 252 .000
Equal variances not assumed -16.295[218.001 .000
P3 Equal variances assumed 28.474 .000|-13.877 252 .000
Equal variances not assumed -13.877(228.098 .000
P4 Equal variances assumed 43.584 .000]-12.994 252 .000
Equal variances not assumed -12.994|202.964 .000
P5 Equal variances assumed 7.203 .008] -8.695 252 .000
Equal variances not assumed -8.695|236.938 .000
P6 Equal variances assumed 18.579 .000| -9.034 252 .000
Equal variances not assumed -9.034]209.887 .000
P7 Equal variances assumed 1.097 .296|-11.575 252 .000
Equal variances not assumed -11.575|251.929 .000
P8 Equal variances assumed 3.305 .070]-13.888 252 .000
Equal variances not assumed -13.888/249.705 .000
P9 Equal variances assumed 36.213 .000| -9.968 252 .000
Equal variances not assumed -9.968/201.673 .000
P10 Equal variances assumed 6.334 .012[-13.878 252 .000
Equal variances not assumed -13.878/249.303 .000
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Abstract

This study investigates the stressor of military aircrews when undergoing centrifuge
training and determines what training items cognitively promote trainees’ G tolerance
in order to thereby lower the incidence of G-induced loss of consciousness (G-LOC)
for the crews of high-performance combat aircraft. Questionnaires are used to assess
the stress-influence factors of crews in undergoing centrifuge training. Attributes are
identified by the aviation physiology professionals and then grouped according to
their influence on military aircrews. Aircrews’ stress influenced by centrifuge training
is decomposed into three constructs by factor analysis, theory lecture, centrifuge
equipment and physical fitness. Considerable interpenetration is discernible between
these factors and the subjects’ age, service age, flight hours and the fighter jet they
pilot. The study results are used as the basis to implement stress management and to
improve training quality and to ensure safety by effectively identifying and measuring

the cognitive stressors when undergoing human-use centrifuge training.
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# A v AP (% = )Applying the theory of consumption values to choice behavior toward
green products
Abstract

This study applies the theory of consumption values as a theoretical basis to verify

consumer choice behavior toward green products. This study investigates consumers’

consumption values and choice behaviors toward green products to provide
promotion/sales advice for governments, green groups, and the green industry. The

study result will help producers decrease the risk of green product development, and

strengthen its marketing competition, and eliminate the gap between consumption
values of green products and consumers’ choice behavior.
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(% < )Applying the immune algorithm to solve an urban freight transport
problem under traffic control

Abstract

This study investigates the routing of the distribution system for convenience stores

located in high-density areas and required high service levels. During the partitioning

phase, this study incorporates the anti-change, experience-oriented mind-set of

planners in the industry. It accounts for the potential changing cost by using the

memory property of an immune algorithm to construct a partition model that is based

on past experience of planners and makes minor modifications to the existing plan

rather than completely re-scheduling. During the routing phase, this study formulates

the actual road network as an asymmetric, multi-traveling salesman problem by

adding urban traffic restrictions, especially turn restrictions that may necessitate a

detour. This purpose of this study is to demonstrate a model and with a solution that is

designed to improve the efficiency of daily urban logistics and can be readily accepted

by planners in the industry.
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