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ABSTRACT

This paper uses the methods of physical fitness test, document literature,
expert argumentation method, questionnaire method and mathematical
statistics method, takes the civil aviation flight trainees’ physical fitness
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asthe study object, formulates the eval uation standard of the civil aviation
flight trainees’ physical fitness by means of empirical study; this standard
includes evaluation form of single index and comprehensive evaluation
criteria. Development of evaluation criteria laid the scientific foundation
for the physical health management of our flying cadets and the young

pilots.

INTRODUCTION

Nationd FtnessProgramin Chinahasimplemented
for nearly 20 years, and the national body measure-
ments have been carried out morethan 10 years. The
physical fithessevauation and researchindl industries
and regionshave been widdly carried out, and obtains
morewiddy identification in thewhole society; but the
research and promoted application on thephysical fit-
ness of specificgroupsincivil aviationfal behind the
overal national leve; thefidd of civil aviationin par-
ticular, the pilot jobs haveits uniqueness and impor-
tancedemandsof their physica fitness; thestudy of pi-
lots’ physical fitness, especidly thestudy ontheevau-
ation standardsof thecivil aviator’sphysical fitnessis
still in a space state. This paper isthefirst stepina
systematic study of the pilot’sphysical fitness, through
the devel opment of physical fitnesseva uation criteria
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onflying cadet of Civil Aviation University of China, it
initidly buildsamore scientifictest indicator framework
for the scientific assessment of the pil ots’comprehensive
physical level; and provides ascientific basisand the
method system for the ultimate defination and
evauatation of pilot’sphysica condition.

STUDY OBJECTSAND METHODS

Sudy objects

This paper uses cluster sampling method, extracts
the 192 male pilot students of grade 2010, 2011, 2012
inInternationa Hight Instituteof Civil Aviation Univer-
sty of Chinaas study object, among themthereare 70
freshman, 64 sophomoresand 58 juniorswith an aver-
ageageof 19.7 years.

Sudy methods
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Document literature

Through querying literature, collecting progress of
physical fithessresearch at home and abroad and ana-
lyzing, it providesatheoretica method and directional
guidancefor thisstudy; by inquirying and collecting the
physicd fitnesstest related dataand health records data
of our variousindustries, it providesreferencefor this
study.

Expert interview method

Thispaper conductsinterviewson eight flight expertsin
civil aviation system and constitution expertsof some
gports college (such as: Do you think which require-
ment do theflying environment haveonthe pilots?what
aspectsdothepilots’ physica fitnessindicators? what
indicators do the pilot’sbody function include? What
areYou?how totreat pilots’ mentd quality?what kind
of psychological quality should pilotshave, etc.), by
combining with document literature, designsa“ques-
tionnaire survey on the eva uation index study of civil
aviation cadet’sphysical fitness”.

Quegtionnairemethod

Thispapreissues“‘questionnairesurvey of avil avia-
tionflying cadet’sphysica evauationindex study” in
twiceto 15flight expertsin civil aviation system and
physical Expertsof some college sports, atotal of 30
parts, recycle atotal of 30 parts and the recovery is
100%. Themain contentsof thefirst questionnaireare
theindicator screening of theflying cadet’sphysical fit-
ness, themain contents of the second questionnaireare
the determination of each index’sweight.

Physical fitnesstest

In order to ensurethe accuracy and reliability of
thetest reaults, beforetest thetestersarestrictly trained
to fully understand the test detail s of eachindicator;
Test methods use the National Physique Monitoring
System developed by the State Sports General Ad-
minigtration, and accordingto the specia circumstances
of theflight, conduct indicator testsontheflight train-
ees’ flexibility, strength, endurance, and objectivemen-
ta quality, organize and implement thewholetesting
work inaccordance with standardized and normalized
proceduresfor organizing.

Physical fitnesstest indicator s
Morphologica index: height, weight
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Physiologica index: vital capacity, Septest

Physical fitnessindex: 1000 meters, grip strength,
push-ups, standing long jump, sit and reach, standing
on onefoot with eyesclosed.

Phychological quality index: choicereactiontime,
focused ontheattention time, pay atentionto assgning
the correct number of times, spatiad memory 1, spatial
memory 2, perceptua differences of the speed.

Test siteand per sonnel

Test ste: Civil Aviation University of Ching;

Test personnd : test personnd after vocationd train-
ing

Test procedure: fixed testerstest inaccordancewith
standardized test proceduresat afixed location.

M athematical statistics

Conduct statistical processing on al databy using
statistical software and determinetheeva uation crite-
riaby using percentile method; determinetheweight of
eachindex by using expert consultation results, Satisti-
cd cdculation resultsand methods combined sport mea:
surement with eval uation theory.

RESEARCH RESULTSANDANALYSIS

I ndex selection

Index primary selection

Inorder to better reflect the characteristics of flying
cadet’sbody shape, wefollow theprinciplesof index’s
reliability, vaidity, objectivity, and operability intheac-
tual test, based on the large number of documentsand
expert advice, by combing thespecid requirementsfor
physica fitnessof pilot position, it summarizesfour first
level indicators: body shape, body function, physical
fitnessand objectivepsychologica quality; 13 second-
ary indicators: height, weight, body fat percentage, vita
capacity, blood pressure, heart rate, step test, endur-
ancequality, strength quality, flexibility quality, balanc-
ing ability, reaction sensitivity, brain cognitive process-
ing quality; 17 third level indicators. 1000 m, 3000 m,
5000 m, grip strength, push-ups, pull-ups, standing long
jump, vertica jump, sit-ups, Sit and reach, standingon
onefoot with eyes closed, choicereaction time, focuse
on theattentiontime, pay attentionto assigning thecor-
rect number of times, spatia memory 1, spatia memory
2, perceptual differencesof the speed.
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Expert screeningand statistical optimization

Thispaper givesout the eva uationindex creening
guestionnaireto 15 civil aviation flight expertsand na-
tional physiqueexperts, takesmorethan 75% of people
choose “important” and above asinclusion criteria, and
findly determines4first level indexes, 10 second level
indexesand 12third leve indexes, thedetallsareshown
inTABLE 1.

Thedeveloped method and process of evaluation

criteriafor civil aviation flying cadet’sphysical fit-
ness

In accordance with the measurement and eval ua-
tiontheory, grade evaluation usudly adoptsfive-grade
evaluation. Five grade eval uation. can use deviation
method, al so use percentilemethod; in additionto the
advantages of deviation method, compared to devia-
tion method, since percentile method doesnot takethe
mean va ueasareferenceva ue and takesthe standard

TABLE1: List of physiqueevaluation index for flying cadet of civil aviation

First level index Second level index

Third level index

Height
Body Shape Body weight
Body function Vital capacity
Step test
Endurance Quality 1000 meters
Grip strength
Strength quality Push-ups
Physical Fitness Standing long jump
Flexility quality Sit and Reach
Balancing capacity Standing on one foot with eyes closed

Senditivity of Response

Choice reaction time

Focus on the attention time (3 minutes 3 speeds)
Pay attention to assigning the correct number of times (1 minute)

Objective
psychological quality

Brain cognitive
processing quality

Spatial memory 1

Spatial memory 2
Perceptual differences of speed (2,4,6 times of speed)

deviation asthediscretedistance, but takesthemedian
asthereference value and takesthe other percentiles
asdiscretedistanceto dividetheevauationlevel, soa
variety of datawith norma and non-norma distribution
can be applied. This method has been widely used
abroad, speaking from the devel opment trend, the per-
centile method is likely to replace the deviation
method®. The physicd fitnessevduationinvolveshu-
man body shape, function, qudity, and psychology four
categories; sometest resultsof theseindicator sample
arenormal distribution and some arenon-normal dis-
tribution; by combining with expert advice and theo-
retical analysis, the development of physiqueeva ua
tion criteriaismain based on percentile method.

Develop methodologiesfor height and standard
weight

Duetothe special redtrictionsinthe specia career

whereabouts, enrollment number, height (165 cm ~
185cm) and weight (< 80kg) of flying cadets, inthe
initid link of thesdection of sudent pilots, arlineshave
conducted arigorous screening; so the body shapes of
this study object are more symmetrical fromavisua
point of view. Based on theinternationally recognized
body massindex (BM1) that reflectstherelationship
between adult weight and height, theBMI values  are
in18.5~2413, thereisno phenomenon of dimand over-
weight. After consulting with therel evant expert‘sad-
vice, on body shapeindex the study usesthree aspects
asairline’srigid requirementsrange of pilot trainees’
height and weight and the generally accepted  range
of BMI valuesto conduct comprehensive eval uation.
Namely for the test objects whose height and body
wel ght meet therequirementsof theairlineand the BMI
values between 18.5~24, and get full mark onthis
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index.
Developed methodsof individual indicators

Inferior Lower Medium Higher superior

Concretestepsto develop theevaluation criteriaof
singleindex: 1) identify the 10th percentile, 25th per-
centile, 75th percentile and 90th percentileof eachin-
dividual indicator asthe segmentation criteria; 2) ac-
cording to the abovetheory, percentiledividethedif-
ferent sectionsof eachindividua index; 3) definedif-
ferent level sdepending on thedifferent sections, namdy
morethan 90%is, 75%-90%isdefined ashigher grade,
25% -75% isdefined as medium grade, 10%-25%is
defined as lower grade, less than 10% is defined as
inferior grade, which areassigned to 5 points, 4 points,
3 points, 2 pointsand 1 point respectively. It deter-
minesthe scorelist of eachindividua index for flying
cadet of civil aviation (TABLE 2). Studentscan usethe
standard to fully understand their constitution location
andleve inall theflying cadets’ physica fitness, and
providereferenceand basisfor thedevel opment of in-
dividual exercise prescription.

Formulation of overall rating standards

Deter mining theweight of each individual indica-
tor

Sincethesignificance and importance of physical
fitnessreflected by eachindividua indicator arediffer-
ent, therefore, each indicator should begiven different

weightsin comprehensiverating. Thispaper usesex-
pert questionnaire survey method to determine the
weight of eachindex. Specific stepsareasfollows. we
grant questionnairesurvey tothecivil aviationflight ex-
pertsand thedomestic physica fitnessspecidists, ask
theexpertsto dividetheimportance degreeof theindi-
catorsinto very important, important, moreimportant,
generd and unimportant 5leve sby combining thephysi-
cd characteristicsof pilotsand therequirementsof fly-
ing job, usefive grade scoring methodsto conduct as-
signment on theimportancedegree of eachindex at all
levels, theassgnmentis5,4,3,2and 1.
Using theequation:
15
2. pij
j=1
4 15
2.2 P

i=1 j=1

W. =

(i=1234)

Where: Wi meanstheweight of index i of flying cadet’s
physiqueleve; Pij meanstheassignment of index i by
expert j; after the above steps, the paper gets the
welghtsof four first level indexes, accordingto thesta-
tistical cdculation resultsand theexpert questionnaire,
it determinestheweightsof 10 second level indicators
and 12thirdlevel indicators (TABLE 3).

Formulation of overall rating standards

Overdl rating criteriacan more fully reflect the
physical leve of flight trainees. Therefore, itisneces-

TABLE 2: Thescorelist of each individual index for flying cadet of civil aviation

Test index 1 point 2 points 3 points 4 points 5 points
Vital capacity(ml) <3346 3347-3987 3988-4352 4353-4859 >4860
Cardiac function index <44 45-49 50-58 59-69 >70
1000 meters >4 /217 4.,207-4714” 4.,13-3/51” 3/507-3/30 <3/29”
Grip strength(kg) <38.8 38.9-42.1 42.2-47.0 47.1-50.6 >50.7
Push-ups(times) <16 17-21 22-25 26-30 >31
Standing long jump(m) <2.19 2.20-2.29 2.30-2.44 2.45-2.58 >2.59
Sit and Reach (cm) <40 4.1-79 8.0-13.6 13.7-18.6 >18.7
Standing on one foot with eyes closed (s) <14 15-27 28-49 50-65 >65
Choice reaction time (ms) >0.60 0.59-0.52 0.51-0.49 0.48-0.41 <0.40
Focus on the attention time (s) <177.8 177.9-178.5 178.6-179.3 179.4-179.8 >179.9
Pay attention to assign the correct number of times (times) <64 65-70 71-82 83-90 >91
Spatial memory 1 (calculation) <5.99 6.00-6.22 6.23-6.32 6.33-6.56 >6.57
Spatial memory 2 (calculation) <8.99 9.00-9.32 9.33-9.65 9.66-9.99 >10.00
Perceptual differences of speed (s) >2.34 2.33-1.99 1.98-1.49 1.48-0.70 <0.69
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TABLE 3: Theligt of each index weight for theflying cadet of civil aviation

First level index weight Second level index weight Third level index weight
Body Shape 0.04 Height (1.65~1850m) 0.020
Body weight (<80kg) 0.020
. vital capacity 0.100
Body funct 0.20
e Al Cardiac function index 0.100
Endurance Quality 0.109 1000 meters 0.109
Grip strength 0.0383
Strength quality 0.115 Push-ups 0.0384
Physical Fitness 0.41 Standing long jump 0.0383
Flexility quality 0.038 Sit and Reach 0.038
Balancing capacity 0.074  Standing on one foot with eyesclosed  0.074
Sensitivity of Response  0.074  Choice reaction time 0.074
Focus on the attention time (3 minutes
3 speeds) 0.070
Pay attention to assign the correct
o . - ber of i . 0.070
Objective 035 Brancognitive 0350 mbero times (1 minute)
psychological quality ' processing quality ' Spatial memory 1 0.070
Spatial memory 2 0.070
Perceptual differences of speed (2,4,6
. 0.070
times of speed)

sary to establishtheoveral rating criteriaof civil avia-
tionflyingcadet’sphysicd fitness. Theformul ation steps
of thestandardsare asfollows: 1) based on the score
sheet of singleindex ca cul ate the grade scores of each
flying cadet’sindividual indicator; 2) the scoresof each
individua indicator are multiplied by thetheir respec-
tiveweights, the sumisthenintegrated score of flying
cadet’sphysique; 3) usethepercentiletoformulatethe
grading standardsof flying cadet’sphysicd fithnesscom-
prehensiveevauation (TABLE4).

Standard back-substitution test

Accordingtothephysica evauation criteriaof the
flying cadets devel oped in this study, this paper con-
ductsback-substitutiontest on the physicd testing scores
of theflying cadetsin the Excellenceclassesof Interna
tiond flight Schooal in Civil Aviation University develop
aflight (outstanding trainees arethetop 30 studentsin
studentswith the same gradesin the physical fitness
scores and academi ¢ scoresin entrance examination
based on the universal “National Student Physical

TABLE 4: Comprehensiveevaluation gradestandar dsof flying cadet’sphysical fithess

Grade Inferior L ower Medium Higher superior
Corresponding 0/ OEQ A o
percentile value 10% 10%-25% 25%-75% 75%-90% 90%7T
Composite score <1.80 1.81-2.34 2.35-3.04 3.05-3.64 >3.65
Health Standard”— Editor’sNote). We conduct rat- Discussion

ingon eachindividua pgysica index of theflying ca-
dets, then sumthe product of eachindividua index score
anditsweght, and obtainthetota pointsof flying cadet’s
physical index. Theresultsshow that: scoresabove 3.05
account for 65.7%, indicating that thiseval uation sys-
tem hasacertainreliability. Therefore, thisevaluation
criteriacan beused asthebas sfor flying cadet’sphysicd
fitnesseva uation.

1 Inthisstudy, wefirst conduct interviewswith rel-
evant experts, and conduct questionnaire survey for
60 flying cadets, meanwhilesimultaneoudy conduct
aliterature search; through comprehensiveinvesti-
gation and research, we have abasi c understand-
ing of thepilot’sgenerad physica needsand specid
physical needs. Inthispremise, wefirst conduct a
generd physicd evauation of the 192 flying cadets,
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meanwhileconduct andysisand survey onthegruop
differencesof ordinary college studentsin other
maors, whereby preliminarily understand the gen-
eral physical condition of theflying cadets, there-
sult showsthat athough the absolutevaueof flying
cadets’ indicatorsissuperior tothegenera college
students, but the rel ative val ue has no significant
differencewith the college students, suggesting that
thereisno sgnificant differenceingenerd physicd

fitnesswith flight traineesin other mgjors. Onthis
basis, according to the survey resultsweredesign
and organize the comprehensive physical fitness
evaluation of theflying cadets, supplement some
strength quality, sensitivequality, balancing ability
qudity and cognitive processing capacity, prelimi-
narily understand thedistri bution Situation of thefly-
ing cadets’ specia physica fitness. Through sum-
mary andysison theflying cadet’sgenerd physicd

fitness evaluation and the specia physical fitness
evaluation results, weinitially developtestindica:
torsand evduation criteriaof flying cadet’s phys-
cal fitness by combing with the special needs of
arlineonaviator’sphysicd fitness.

Civil air transport isahigh-tech, high-risk, high-
intensity work; the pilotshaveto perform avariety
of complex tasks, beready to faceavariety of com-
plex situationsand emergencies, and must havea
better physi queto be competent for work than the
genera socia population. Through expert inter-
views, questionnairesurvey and literatureanays's,
it summarizestherequirementsfor pilots’ ided phy-
squeby flyingjob: (1) physica hedth, good com-
prehensive physical fitness, dightly better thanthe
generd socia population of thesameage; (2) more
sengtiveaction, the coordinated hand-eye-foot; (3)
Sincethepilot driving hasahigh degree of automa:
tion, general driving power devicesareinstalled,
thereareno specid requirementsfor strength qual-
ity, but grip strength and the upper body strength
aredightly better than the social population with
thesameage; (4) Dueto therapid devel opment of
thedomesticcivil aviation operations, pilot hasgreat
workloadintensity, morenight flight andisproneto
all kindsof fatigue, so it hasahigher requirement
onthepilot’scardio-pulmonary function and gen-
era endurance quality; (5) the stature is more
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moderate and symmetrical, it has certain specified
range provisionontheheight and body weight, and
thebody flexibility isbetter than thegenera socia
groups, (6) themind reactionisfast, decis on-mak-
ingjudgment isfast, focuson good attention, good
spatial memory and good perceptual speed™. In
the courseof thedevel oping thisstandard, wefirst
need to consider thegenera requirementsand spe-
cial requirementsfor pilots’ physical fitness, and
based ontheactua needsof theairline, inlinewith
theprinciplesof practical feasibility and easetest-
ing handleability, combined with expert adviceand
theoretical analysis, design and study the physical
fitnesstesting indicatorsand eva uation criteriathat
issuitablefor the characteristicsof flight post.

Flight safety i ssue has been one of themgor issues
getting most concernin domestic and international
civil aviationindustry, and the most critical factor
affectingflight safety isthe human factor. Satistics
show that flight accidents caused by human factors
account for about 70%, among them the psycho-
logical factorsconstitutethe major part of the hu-
man factor!; study on the pilot’s psychological
quality isimperative. Onthebasisof large number
of document literature and expert advice, we use
cognitive processing mental ability teststo reflect
thepsychological quality of pilots. Cognitive pro-
ng mental ability test istheeffectivemeansto
evauate, reflect theindividua pivot’sabillity onthe
information search, filter, selection, storage, judg-
ment and decis on-making ability, iswidely used at
home and abroad and recei ves unanimous gpprova
in psychology worldwide, and iswidely used in
variousfields. Therelated test hasamoreunified
theoretical basisand methodologicd bas's, and the
test equipment and standardi zation degree of the
process are very high. Flying job hasuniquere-
quirements on the cognitive processing capacity of
pilots, whichisdifferent fromthegenerd socid in-
dustry; cognitive processing capacity involvesthe
pilots’ professional operating capacity and response
capacity of crissevent, andisoneof thecore com-
petenciesof humanfactorsin flight security. Cogni-
tive processing capacity belongsto the physical
ability of thebrain, isalso themental ability inthe
usual sense; and in thissection wetry to incorpo-
rate the cognitive processing capacity into areas of
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physicd fitnesstests, preliminarily exploreand con-
struct thepilots’ physical fitnesseva uation system
includingthecentra ability.

To reflect the contribution degree of the different
indicatorsonthemeritsof cadet’sphysica fitness,
and based on the expert survey and statistical cal-
culation results, by combining with relevant docu-
ment literature and theory analysis, we conduct
weighting processing ondifferent indexes, and carry
through amorescientific and reasonableevauation
onflying cadet’scomprehensvephysica condition.
Although the study object istheflying cadet, estab-
lished standards is a so based on the test data of
flying cadets; but considering the physicd exercise
behavior and habits, pilotswiththesameagearenot
better than flying cadets; their overall fitnesslevel
should havemuch differencewith theflying cadets,
andinthestandardseach gradevauehasacertain
width, sothisstandard al so appliesto the physica
evaluation of airlinepilotsunder theageof 24. In
addition, according tothe body measurementsgroup
condition of each agegroup in variousindustries
acrossthe country organized by State Sports Gen-
erd Adminigraion, 20to 24 yearsarethesamegroup;
thereisoneevauation criteria, thebasisof theage
groupistodefinebased on alargenumber of previ-
ousstudies, and hasrigorous scientificbasis. The
basic age group of flying cadetsare 19t0 22 years
old, theagegroup of young pilot (flight agelimitis1-
3years) are 21 to 24 years old, these two groups
areintherange of group 20 to 24, the body mea-
surements can usethe same standard.

CONCLUSIONS

The body measurement indicators of flying cadets
include: height, weight, vita capacity, cardiacfunc-
tionindex, 1000 meters, grip strength, push-ups,
standing longjump, sit and reach, standing on one
foot with eyes closed, choicereaction time, focus
on atention, pay attention to span, spatia position
memory and speed perception. Theindex system
coversthebody shape, cardio-pulmonary function,
strength quality, flexibility and sengtivity, balancing
ability and cognitive processing capacity.

It developstheindividua physica evauation crite-

riaand comprehensvephysical eva uation sandard
of civil aviation flying cadets (gpplicableto young
pilotsof 24 yearsold), and laysthe scientific foun-
dation for the physical health management of flying
cadetsand young pilots.

By back-subgtitution test, it provesthat theeva ua-
tion system can simply, accuratly and effectively
reflect the physical condition of flying cadets,
demonstratsitsscientificity and practicability, and
canbeappliedin practice.
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