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PREFAC E

From the beginning of fligh t until toda y ’s modernized aerospace

era , fl ying accidents have occurre d too numerous to count. Many

studies h ave been conducted to determine the cause of aircraft accidents

and to recommend correc tive actions tha t will either reduce or , hope-

full y, elimina te aircra ft accidents. This stud y ana lyzes the possible

F 
relationship among a number of the important variables associated with

accidents in order to better unders tand accidents , which perhaps will

lead to actions to reduce accide nts and thus save lives and material re-

sources.

As with most efforts of this type , this study is truly not my work

alone. I am indebted to the ma ny people who have contribute d their

time and effort to the success of this study. The list of peop le who

ha ve helped and encouraged me during this study is much too long to in-

clude here. However , I would like to mention a few.

First of all I wish to thank my thesis advisor , Professor Edwa rd

J. Dunne for his many hours of patient help and guida nce throughout this

study.

Special thanks are given to Professor Cha r les W. McNichols for

being my thesis reader and for showing me how to appl y da ta anal ysis
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techniques to my conce rn about ROKAF aircraft  accidems. Appreci-

ation is given also to Professor T. Roger Manley, my faculty advisor.

Without his deep considera tion for m specia l educationa l progra m I

know that my AFIT study could never ha ve matured to the point where

this paper could have been produced.

I also wish to thank Mr. Keon Ho Cho , researcher of the Science

Excha nge Progra m between the United States and Korea , for his assist-

ance in the compute r programming necessary for the ana lysis in this

thesis.

I want to express my sincerest appreciation to Miss Katie M.

Wells who has sacrificed her time and ta lent in a most unselfish manner.

She has helped me overcome my difficult writing proble ms and has done

the typing of this thesis.

Finally, needless to say, I am thankfu l to my unaccompa nied

fa mi ly -  my wife , Chung, and two sons , Seung Burn and Seung Chan - for

their love , encouragement , and endless patience during my AFIT progra m.

Suh lb Sun
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ABS’I’R ACT

Thi s stud y examined the da ta about accidents in the Republic of

Korea Air Force (ROK AF). The purpose is to help decide where to

put manage ment emphasis with the aim of decreasing the accident rate

and inc reasing fl ying safety.

Variables associa ted wi th 312 airc raft accidents which occurred

from 1955 through 1977 were define d , coded , and ana l yzed to see if the re

were re lationships among these va riables which can help illuminate

ROKAF accident ra tes and fatality ra tes given an accident.

Accident rate anal ysis and learning curve theory were used to

study the accident potentia lity while contingerrcy an9 l~rsi.s was used to

determine the depende nce be tween v~riab~es. Among the m , aircraft

type, pi lot rank , mission type, phase of opera tions, and fl ying time

were selec ted for discri mina nt analysis , which was done to exp lain the

fatalities of pilots involve d in accidents. The first four variables were

each ordered by level of risk of each category, and the fifth i ndicates

proficiency of the pilot.

Results are these: firs t , two-third s of the accidents were due

to the pilot ’s error , and the pilot error accident rates dec rea sed as

the cumula ti ve ti me experienced by the ROKAF increased. Secondly,

in-flight phase was the most like ly to be involved in accidents and , when

accidents did occur , the pilot was most like ly to lose his lif if in the

“iii
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ap~ ro)ch p rocess. Thirdl y, variables which had a s i gn i f ican t  rela tioii-

ship wit h pilot in ju r y  lovu l were airc ra ft type , pilot ra n k , mission typ e ,

phase of operation , and fl yin g time .

f~’ised on those results , the most effective way to dec rease

accident potent ia l  is to pay more attention to pilot error accidents in the

inf1i c~ht phase. However , to sa ve pilots ’ livcs involve d in accidents , the

approach phase should be emp loyed. This stud y a l.so includes many

tables whic h are helpfu l for further stud y.

ix
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AN ANALYSIS OF THE

REPUB LIC OF K OREA AIR FORCES ’ AIRCRAFT ACCIDENTS

I. INTRODU Cfl ON

In light of its short history , the ROKAF has achieved a rapid devel-

opn-ient, due to help from the U. S. government and the untiring efforts of

its members. However, North Korea has increased its air power con-

tinuously since the Korean War. As a result , it now has two ti mes

more aircraft then the ROKAF has (Ref 17:102). This develop ment has

led ROKAF leaders to the conclusion that the only way to keep the ROKAF

strong enough to be able to successfully engage enemy airpower is to get

more advanced air force systems and/or to improve the ROKAF pilots ’

training. The scarcity of economic resources makes the former unlikely.

Therefore , these circumstances make it mandatory that the ROKAF

concentra te on training better pilots to improve Nationa l defe nce capabi-

Iity~ However, the decision to change pilots ’ training in the past has

brought about the loss of ROKAF pilots ’ lives and other incidenta l costs ,

such as aircraft, compensation, etc. Thus , an accident analysi s is needed.
V 

Review of Research -

It is difficult to read a journa l dealing with ROKAF accidents and

find at least one article pertaining to the analysis of accidents; the ex-

ception being “The Survey of ROKAF Aircraft Accidents” (Ref 18).

~~~~~~~~~~ ~~~~ -— -—
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The ROKAF Safe ty Boa rd had done a basic ana lysis of the data. Thei r

analysis was sufficient for their purpose , but the aim of this study is

to examine close ly and analyze in dep th ROKAF airc raft accidents.

On the other hand , many reports on U .S. airc raft accidents were

found , which were a great help in establishing the hypotheses to be

verified in thi s study. Among the m, USAF Capt Paul A. Lantz had

shown how various categories compared on a category-by-category basis

through a contingency ana lysis in the study “Study and Ana lysis of Air

Force Helicop ter Accidents ”. In tha t report the relationships among

aircraft type and accident classification , or phase of operation and

cause of accident , were veri fied. This is similar to the method used

to ana lyze ROKAF accidents.

In the study “Reasons for Certain Errors in Piloting” (Ref 19:2),

Dinii trov found tha t the “mos t important conditions for preventing flight

accidents arising from pilot errors in piloting technology are improving

the methods of training , education , and discipline of the flight crew ,

seeing to it that pilots have sufficient accumulated flight ti me. ” This

study illustra ted a possible rela tionship between the accident ra te and

cumulative fli ght time.
V In the report “Causes, Surviva l Rate and Incidence of Poor Weathe r

Affec ting Distress Air Cases ” (Ref 20:4) , Milligan gave a way to define

2
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the “severity of accident ” tha t was used in this study. “Accident rate ”,

which is the focal Point of our stud y, was also studied in :  “Sta tistica l

Ana lysis of U .S. Navy Major Airc raft Accident Rate s, Pilot and Air-

V craft Ti me-Dependent Variables ” by Abdur Rashid (Ref 21); “Ana lysis

of U. S. Na vy Major Aircraft Accident Rate s by Airc raft Type ” b y Gary

Frediic Johnson (Ref 22); “Fac tors Involved in the Variability of

Monthl y Major Airc raft Accident Rate s” (Ref 23) by Gray K. Poock;

and “A Risk and Comparative Analysis of Aircraft Accident Rate ”

(Ref 24) by Ja mes Burlin.

Statement of the l-lypotheses

For analyzing the accidents, the most important thing is firs t to

measure the accidents , and the next is to fi nd out which variables see m

to de monstrate some relationship with accidents. We can represent

the number of accidents by a quantita tive unit , but this does not wholly

describe the accidents. The severity of accidents can and should be

measured in qua li ta tive units. Thus , two sca les can be used for in-

depth analysis and representation of ROKAF accidents : one dealing

wi th the nu mber of accidents ; the other with the types of accidents re-

suiting in pilot death. Ba sed on the knowledge gained from those reports

H introduced in the previous section , the following hypotheses were made:

1) The accident ra te , representing the occur ~ence of acci-
dents , is decreasing according to the increase of ROKAF
cumulati ve fl yi ng ri me.

3
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2) The severity of the accident , as determined by several
va riables , explains the fatali ty of pilots invo lved in  the
accident.

For ma l Prob Ic Iii Statement

This study is conducted to answer the following que stion: Where

should the emphasis be put to increase fl ying safety in the ROKAF?

Safety policy in the past appears to be based pri ma ril y on intuition;

perhaps , because of a lac k of abili ty in data ana lysis. Decisions

arrived at through an analysis of the da ta are more like ly to increase

flying safe ty. This study contains an analysis of da ta to test variable s

which seem to have a rela tionship with safety.

Scope and Li mi tation

Due to the li mi ted a mount of data available and the ri me constraint

imposed , only the major accidents occurring during the period 1955 to

1977 were exa mined. Flowever , minor accidents could , with further

research , prove helpful in determining the rate of accident occurrence

and the amount of injury to pilots involved in mi nor accidents.

In addition, these results are applicable to the ROKAF onl y under

the premise that there is no dramatic change in the structure of the

ROKAF. Chapter II provides a thorough description of the subjec t data.

Assumptions

It is assumed tha t the ROKAF is anxious to minimize the accident

rate and increase fl ying safety . In ana lyzi ng the data the following

4
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assumption s were made: 4

1. That a linea r regression or whatever other relation ship
results is assuim~d to Correctly portra y the relationsh ip

- bet ween the variables.

2. That the da ta is of inte r va l (pa ra metric) quality within
the li mits of approxi mation used.

3. That the ireasurement variation follows a norma l distribution.

4. That the variations occur randoml y.

5. That the independent variable s are not mutually correla ted
to some other variables (no multi-collinearity) .
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II . MFI’l I Ol )OLOG Y

i’his Cha pter contains the daU se lec tion p rocedure , the methods

employe d in ~~~t :i pfep : I ra tion , and t~i~ defini t ion of variables trea ted in

this stud y.

L~~ta Source

It is manda tory tha t all  R O K A F  aircra ft accidents be reported in

detai l to the Safe ty Boa rd in ROK Al ’  h ead qua r ters. The reporting

criteria is detailed in R O K A F  Regulation 127-1. The Safe ty Board is

a repository for all da ta recorded on airc ra ft accidents. ‘The Surve y

of ROKAF ~ ircraft Accidents ”, publi shed by tha t organization and the

mem bers of that organiza ticn , arc the sources of data used in this

study.

L~ita Selection

As stated in Chapter 1, the goa l of this study is to anal yze ROKAF

accident da ta to determine whic h va riables tend to be associa ted wi th

the occurre nce and severity of accidents .

Table I lists the data initially requested from and provided by the

ROKA F Safety Boa rd.

6 
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TABLE I

DAT A SE’l’ REQUESTl~l) FROM SA FETY BOARD

Date. Concerning t h e  Pilot

(1) Rank
V (2) Na me

(3) Tota l Fly ing Tinie (if available)
(4) Tota l Fl ying Fime in Airc raft Model in Which

Accident Occurred (if available)
(5) Injuries
(6) Class Standing During Pilot Training

Data Concerning the Aircra ft

(I) Type and Model
(2) Da ma ge
(3) The Yea r I En te red the R OK AF
(4) Identific ati on of the Syste m or Component Failure 

V

Data Concerning the Flight

(1) Assigned Wing
(2) Type of Mission
(3) Phase of Operation in Which the Accident Occurred

Data Concerning the Accident

(1) Accident Identification Number , Including Calenda r
Da te

(2) Other Personnel Injured
(3) Contributing Causa l Factors
(4) Weather (if available)
(5) Special Da ta Not Otherwise Listed

The da ta set aaiui red consisted of information on four-hundre d-

twenty-two (422) accidents which occurred during Cale nda r Year 1955

V to 1977 , inclusive . Selec tion of a suitable ti me span was based on the

following basic constraint considera tions.
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1. The necessity to have a la rge ia mp le size to enha iice vail —

dity of sta tistica l i nferences.

2. To restrict the cases in the sample to periods whe n the
situation of operation was reasonabl y consistent.

Fro m the available data set 10 ha sic variable s were selected for

inclusion in this study. To accomplish these m ajor considerations the

enti re da ta base was initiall y included. Then each variable was exam-

ined throughout the entire da ta set in terms of how the inconsistenc ies

in the data would affec t that variable . This treatment resulted in

eliminating the information about the minor accidents and conden sed the

data base to be used for the th ree-hundred- twelve (312) accidents.

Overview and Vadahie Selection

In genera l , many anal ysis techniques require that variables arc
V measured on an interva l or a ratio scale and that the re lationships a mong

V the va riables be linear and addi tive. However , there is no such li mi - V

tation in the case of continge ncy analysis. So the continge nc y ana lysis

is used to look for relationships amon g the variables. But for regres-

sion analysis and discriminant ana lysis the above assumptions were

assumed to hold. Afte r listing each accide nt variable , each possible
V value of the variable was coded with a specific code numbe r for conve n-

ience of the calculations , either a nomina l or me tric scale . Some of

the values of some variables are regrouped to provide significant re-

sults. If categories are defined too na r rowly, sparse data prevents 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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any useful conc lusion. But the desired distinc tion between variables is 
V

lost if categories are defi ned too generally (Ref 4:7). The following

V sc-ction define s each va riable category and gives , where app licable , an

V exp lana tion of th:~ category divisions used in this study.

Pi lot Rank

Tne fol lo~.’ing coding a ppro ach was used for pi lot rank .

I ~~si gnn ti on Coded Re grouped
Number Numbe r

Student 1 1
J I

2nd Lieutenant 2 J Unskil led

1st Lieutenant 3
Rank

Captain 4 —— — -— — — — —  2
Skilled

Major 5

Lieutenant Colonel
I —-- 3

Colonel 7 ~I Familia r

Type of Airc raft

The origi na ! data contained 22 different types and models of aircraft.

This number was reduced hy categorizing by type or ge neral mission

area. Appendi x A shows a l l  the airc raft which the R O K A F  possesses.

These are grouped according to their major fu nction ; fig hte r , trainer ,

supporter.

9
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Coded Regrouped
Type Nunther Number

F-4 I

F-S 2
V 1
V F-86 3 Fighte r

F-5l 4

V T-33 5

Type T-37 6
Airc raft 2

T-28 7 Tra i ner V

T-6 8

C-Type 9 V

H-Type 10 -- 3 
V

Supporte r
Utility i i

Flying Ti me

The total fl ying time of each pilot involved in an accident was also

coded in incre ments of 500 hours. As the total fl ying time ranged

from 1 hour to 4 , 000 hours , the numbers from I to 8 were used for

coding that va riable .

Flying Ti me In Model

The fl ying time in model of each pilot invo lved in an accident was

coded as well. It was categori zed in inc rements of 500 hours also.

As the fl ying time in model ranges fro m 1 hour to 3, 000 hours , the num-

bers fro m I to 6 were used for coding that va riable .

10
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Year of Accident

The original data contained all accidents from 1955 to 1977. Thi s

variable is important for the accident ra te calculations and for the re-

gression ana lysis between the accident rate and the cumulative flight

time. Since this informa tion was not uscd in contingency ana l ysis ,

there was no need to regroup.

Accident Classification

All aircraft accidents are classified as being either a minor acci- V

dent or a major accident (Re f 1:3) . But the acquired data about the V

minor accidents are not derailed, so minor accidents were exempted

from the data base. However , since the info r mation about the occur-

rence is correct , this data is used in accident ra te calc ulations. Major

accidents can be grouped into major da mage and destroyed. Both are

defined in the ROKAFR 127-1 as follows :

Major Da mage. “Damage in which the total manhours to re- V

move, repair and replace the da maged components equa ls or exceeds

the limit set for that particular type and model of aircraft (Ref 1:4).”

Destroyed. “Damage that renders the aircraft of no further

value except for possible salvage of parts (Re f 1:4). ” Di rec t manhours

is defined as “the cumulative man- hours requi red to repair the airc raft

and to remove and replace the damaged parts ” (Ref 1:2). B OKAFR

also lists each type of aircraft with the numbe r of di rec t manhours used

LV~~~~~~ V~~~ V VV ~~~~~~~~~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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to determine accident classification. In this stud y, major da mage w~is

coded with number 1, and de stroyed was coded with nu mber 2.

Inj ury Classification

In this da ta base , the number of catego lV’ies of injury is three: none ,

mi nor , and fatal. The criteria of each category is as follows:

Minor Injury . Any injury less than major , but which requires

hospitaliza tion and/or qua rters for at least one day, but no more than V

four days (Ref 2:3).

Major Inj ury . Any injury tha t requires admission to the hospital

and/or quarte rs for five days or more (Ref 2:3).

Fatal. Any injury that results in death from the accident, re-

gardless of the length of time hetwee!! the receipt of injuries and death

(Ref 2:4). For the purpose of contingency ana lysis, and to provide

enough data for a meaningful comparison, “minor injury” was combined

with “none ” , and “fatal” was combined with “m issing ”. Thi s resulted
V in the following three distinc t categories:

Coded
Nu nther

Fatal I
Injury
Class Major 2

None/Minor 3

12
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For the purpose of disc i-i m in ani  ana lysis (which attc miipt s to discover

which variables are more powerful in predicting the inj ury of the pilot~

these 3 categories were regrouped to 2 groups: nonfa tal and fa tal . V

Type of Mission

The types of missions flown by aircraft  va-rb’ greatly, and the follow-

ing thirteen cat ~) Y i C s  were chosen to best represent the majority of

mission types. These 13 were regrouped by uassiOfl type:

Subject Coded Regrouped
Number Nu mber

Shooting (air to ground , 1
air to air

Intercept by Rada r Contro l 2

Air Comba t Maneuvering 5 Comba t Mission

V Reconnaissance 7 V

Close Air Support 10

Acrobatic 3

MISSIOn Navigation 6
2

Formation 9 Training Mission

Instru ment i i

V Liaison 4
V Test Flight 8 — 3

Support Mission
V Courier 12

Search and Rescue 13

13
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Phase of Ol~~ra tio~

Ma ny studies have been conducte d to categorize t h e  phase of opera-

tion of aircraft accidents. The LI. S. Air F cc IflS~~CCt ~VO fl  and Sa fe tY

Center categorized phV~sc1s of operation into engines running (riot ta xiing),

ta xiing, ta keoff , inf l ight , landing, and go—a round (Ref 3:1). USAF

Capt Paul L. Lantz categorized Phase of Opera tion for helicopte r acci-

dents into ground operation , initi al climb , inf 1ight~ norma l , low level

flight and simula ted emerge ncy, and landing (Ref 4: 12). For this

V study, four phases have been used: ta keoff , i nflight , approach , and

landing. Takeoff is defined as the ti me fro m the start of takeoff roll

V until reaching safety altitude . liii light is defined from the ti me of reach-

ing cruise altitude afte r initia l climb ing and ~ncI tidlln g all flight maneuvers

before leaving assigned altitude . Approach is defined as the ti me from

leaving an assigned altitude unt i. l the aircraft is in the landing configu-

ra tion. This category involve s all kinds of instrument approaches for

landing. Landing is defi ned from the ti me of comp letion of landing con-

figuration until the completion of the landing roll.

Coded
V Number

Takeoff 1

Phase of Inflight 2
V 

~~eration
Approach 3

Landing 4

14
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Cause of Accident V

The Accident Safe ty Boa rd in the RC)KAF has long been tasked

with the difficult job of determi ning the sing le , most important CCUSC

of each accident. Often , there are severa l in~crreluted causes , or

there may not be enough evidence to eve n determi ne a cause. RO KA F

recognizes only four ~ OSSlV blC major causes of aircraft accidents : pilot

error , ma terial, failure , maintena nce error , and undetermined. V These
V 

cause factors are further divided i nto 23 subfactors . The following list V

of all the cause subfactors will provide an under standing of what the

factors are : V V

Aircrew Environ went Ai rcra ft  V

training weather known faults V

qualification terrain system degradation
4 :
~~V V V capability naviga tion aids fue l load V

experience terminal facilities cha nge comp 1iance

attitude mission configura tion 
-

health light weapon load

V anxie ty tempera ture qua lity of maintenance

V 
V fatigue traffic

V 

As can be seen in Figure 1, aircra ft accide nts can occur due tO any OflC V

V 

cause or any combination of causes. So it would be va luable to discover V

some relationshi p between the cause variable and other va riables.

15
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Figure 1. Conth ina tion of Accident Cause
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The amount of da ta in each categor y a llowed a reasonable ana lysis of

these four major cause factors.

Coded
Nu mber

V Pilot Error 1

Ma terial Failure 2
Cause of
Accident Maintenance Error 3

Undetermine d 4

The preceding , then , are all the accident variables, and categories of

variables, which were coded for the ana l ysis to be described in Chapter

III.

17
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Ill. ANA LYTICiW PROC E DURES

Thi s Chapte r cont ains the descri pti on of the ana lysis procedures

V and the tec h ni que s emp loyed in data ana lysis.

Ana lysis Pr~~ edures

As an aid in understa nding the results of thi s  stud y, a flow cha rt

is presente d in Figure 2. As stated in Chapter II , information on

ROKAF accid ents was gathered from the ‘ Accident Safety Boa rd ”. These

genera l reports of R OKAF accidents were trea ted to an accident ra te ana l-

ysis to discover the general tre nd and constitution of accidents by ahc raft

type , phase of operation , type of mission , and cause of accident. Then

the da ta wo re r ieatc d in aV continge ncy an a l ysis to find the dependencie s

of these variables.

As indicated by F .O. Hemming 1, the acc~Vden t rate 2 caused by

human factor is higher than tha t of any other factor. Therefore , it is anti-

V cipated tha t in this study as well , p ilct error will be found as the major

cause of aircraft accidents. This determination is impor tant in the

estimation of future accidents. In estimating the future accident ra te

I “Va rious authorit ies in both the United Kingdom and North America
suggest that between 55 and 90% of al t  aircraft  accidents can be attri-
buted to huma n factors . “ J . M. Rolfe sta tes “that 55% o a i r  transport
accidents , 76% of general aviation accidents, and 90% of glider acc i-
dents are attributab le to huma n error. ” (Ref 7:682)

2 Accident ra te : Rate s are computed on the basis of number of accidents
per one hundred thousa nd fl ying hours .

Accide nt Ra te = Accidents x 100, 000 Fl ying hours

18
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it would be most i mportant to know the trend and the constitution of acci-

dents by each va riable. Learning curve theory can be used (Ref 6:2) in

estimating the future accident ra te , because it would he reasonable that

the i-ate of accidents caused by pilot eiVror would be dec reased b y im-

proving the pi lot ’s proficienc y through training and experience. Afte r

that , it is also important to recogn ize which va riables de termine a fata l

accident ra ther tha n a non-fa ta l one.

Through the discri mi nant anal ysis , the re lative contributions of

selec ted va riables to the determination of pilot ’s injury and the discri-

mi na nt score by which pilots ’ injuries are classified are studied (Ref

9:69). Quoti ng the accident ra te associated with each category , the norn-

V inal va lues o each category can be converted to the ordina l or metric

measurements unde r this ra tionale (Ref 10:30). The higher the accident

ra te , the greater the danger in fl ying and the more likel y is the loss of

V pilots ’ lives. If the basic assumptions of this study are va lid , policies

can be derived , which , whe n executed by the ROKAF , are likely to de-

crease the number of accidents and, in so doing, save pilots ’ lives.

The following are the analytica l models employed in thi s study.

19
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V Progress Curve Model

This theory reflec ts the common sense observa tions tha t repetitive

operations in ma nufacturing are accompanied by improved efficienc y and V

that the improve ment ra te is most noticeable early in the progra m and

~~creases as quanti ty inc rea ses (Ref 11:6) . The most representative

V example is the division of labor concept depicted by Adam Smith in the

18th Century in the Wealth of Nations (Ref 12:3). If it is assu m ed that

V 
the cumula ti ve fl ying time is re la ted to the accident rate due to pilot ’s

error in a similar way that the cumulative quantity unit is relate d to the V

cost of a unit  produced , tile progress curve model can be app licable to

estimating the accident ra te. F. Zeller (Ref 13:179) and John D. 
V

Dougherty (Ref 14:197) show a rela tionship between dec reasing accident

potential and inc reasing tra ining and experience. And common sense

shows tha t the training and experienc e increase the profic iency of pilots , V

which causes the decrease in accident rate . V

Based on the distributions of tota l fl ying ti me and time in mode l

of pilots involved in accidents , the following mathematica l mode l can be

built.

y = Ax B

whe re y: the pilot error accident rate by fly ing time of

the x time

x: cumulative ROKAF flying hours

2 1
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A:  a coefficient tha t re presents the theoretical accident

ra te ~also usuall y expressed nu mber of acc idents per

100, 000 times) of the f irst  hour

B: a coefficient that is related to the slope and the rate of V

change of the learning curve (Ref 6:7)

Fitness of tha t function could be verified by t h e  regression method in
V Appendix B.

V Contingenc y Ana lysis

Contingency tab le ana lysis may be used to study the relationship

be t ween two classification variables. The purpose of the continge ncy 
V

table is to determine if two variables are in any ~ay rela ted. This is

done by establishing t h e  null hypothesis tha t there is no relationship

(for exa mp le, the variables are independent) betwee n the two va riable s
V and then using the x 2 test to see if the null hypothesis should be accept-

V 

ed or rejected in accorda nce with a pre-selected significance level

(Ref 4:18).

Null hypothesis (110): The observations are from a pop u la tion in whic h

the two variables are independent.

Alter native Hypothesis (I la): The observa tions are fro m a population

in which the two va riable s are dependent.

22 
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The test sUi t i s t i c , c hi- sq u:~ IC L est , is n ~~ by t i lL  fo l lowing  ~
V c

~ 1I~~ t i o I1:

X — ~~~~ 1~.i=l j =1

with degrees of f Vc V
L k) ,l~~ ; (r — 1) ( k — I )

where i = ni l l i tbe r of rows in l I b ) k ’

k nunihe r of c olu in i i ~ i n I blL

= row nu niber

j = colu m n nu m h 2 l

= a c t u a l  va l uL - j
t

V
t C L I I  I I

e1j = e >V i~ ~c ted value for c ( I i  i J

The null hypothe~;i ~ is aCL ~ 
V
) ted (

V~ )
V 1V ~~~~~ ( V V

iV~~ tL d i i~ accorua iice with

the predetermine d significa nec ic v-c l.

In this stud y, only those table s ~. i1ic h ~
V VV C 1 ~~C signif icant  at  t hVc  .

level or less were considere d to be s igni f i cant  en ough to ma ke sta te m e n t s

about the dependenc e of the variables invo l\- :J .  Note that t h i s  tc~;t eva l-

ua tes the significance of the differenc e bet *ccn two var ia I ) l c s . The d i s c r i —

minant ana lysis significance test considers the sign i f ca nec of a \ - ana l )~e

in conj u nction wi th all variab les previous1~ entered into the ana l ysi s.

Thus , predictor group variable differe nces could fai l  to achi ~ vc signi-

ficance using a contingenc y tost , and vet be s ign i f ican t  in the discrimi-

rent function.

23
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Disc ri mi m a t  Ana 1y~ is

The following qu est ions  can be addressed by the di scrimi nu flt

anal ysis. The dep end ent va riable is in jury  leve l , fa ta l or non—fa tal.

1) Are the Iwo groups s ignhf ican tV ] y diff erent  ~~~~ th respec t to th e ir
rnu lt iva rin te descript ion s?

2) \Vlla t  role do the variables for which measure ments have beV:n
obta i ned p hi v in sepa ra t ing the group?

3) If responses or le vels for t h e  va riable s are known for a new
obs erv i t io n , to which group does the case belong (Ref 9:7—1)?

• [ V I Ic pi-ocedure construc t s  a d iscr im inant  function ba sed upon input data

in which subjects are mn enube rs  of two known gr o ip s ;  fa tal pilot gr oup and

non—fa ta l pi lot  group. Thi s disc r itni  n ant  func tion is us ua liv linea r but

C~~fl be quadrat ic  or ha ve o’J~er fo i I f lS .  T ie  da tc is  used to n l L k _  the

function sp ecific. V
l~\~~

i a ll y ,  it is then used to r~- m s s i g n  the  ori ginal sub-

jects to one of the two groups on the basis of rhel r cha I -ac tori stics in order

to make an empiri e~ I det ermination of the rate of misc lass i f ica t ion  and

p erfect  discri m in - it ion  bet \vee11 groups. The disc ri mi na nt fu net ion can

also be used to categorize othe r observations , whose group membe r-

ship is unkno wn , on the basis of their at tr ibute s .

A l inear  disc r imi na nt  fu nction will be constructed for the two

pilot group s on the basis of fa ta l or non— fa tal. If the function ~~ 

V 

~~ ri mi —

m tes well , then one can determine what  pa rt icu la r vari a  bles have t h e

strongest influence on placing a subj ect in the accid ent  group. Also by

2.1
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applying the disc rimin i nt func t ion t c > sub j L c l s  not in time origina l test

groups, one can determine their  i n ju r y  poi V i iti al . The assumpt ions  upon

which disc JV-imina n t a n t  ly s is  is  based and time actual m ar l emat ics w i l l  he

covered in AppV Ild ix  (
~.

If the disc i i  min i s  n it f u n c t io n  ía 1s to sepa ra te the groups w ;ti i out

a h i~, ht rate of mi sc hi ssj f ~cation (e \cept t h e  case of missuiect ion of vari-

ables) t h e  l ick of suvcess c i i i  be a t i  t ihute d to one of two  c : i U s Cs .  Ii

fi rst is tha t ti n e va ria!) les clia rue re ri ?i ng tiie subjects do not d is t inguish

b etween the groups to a st i-on ~ enough degree or tI VJi grou~)s overli p too

muc h in thV V H \ en fl V~~ V~~~ surc nicnt space. The second is that tl mc groups

cannot be sepa ra ted by a func t ion  of he for ri-i C h~ sc- n for rho a r1a i sis.

Tha t is, i n s t ea d  of :~ h nea r disc ri n-mi ‘nant function ~~ should ha v-c a nother

function (quadratic oi- more comp le x).

To j i l L ! strate the preceding concept , let the fa ra I pilot group he

denoted by “A ’ and the non-fa ta l pilot group by “B” . Now , if one con-

si ders t h e  groups in two dimensions onl y, the groups might  be clumpe d

as in Figure 3.

25
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0 0 0 • 0 0

Fig ure 3. Sepa r at ion of Two \ h i  ti vu n t c  Norma I P p ala  th )n s as
Viewed fro m Three Different  \Tant age  Points (Re f 9 :7 —5)
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In th is case , a linea r disc ni mini  nt func t~ u i would servo to sops —

rate the groups well , a nd it is lint necessary to c onstruct a quadratic

function. If , however , the da ta 5ppVe~~11’e~~ J as in 1 igu re 4 , the n one can

see that a linear discrimi n ant  funct ion  cannot ; discri minate a mong the

groups without error.

0

Figure 4. Sepa ration of Two ~lulti ~~m n a  to Norma l Pop u lat ion s V

27 
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1 IO~\-CVe r , i q uLi (hi - a t i .c fo i-iii of disc r in i i iu mi t f u nc t i o n  s-ne Ti as the curv c

V depic ted iimi g ht  y e I~~ we l l, ha ve ex cel lcnt  (iisc~ni nh inn  r i n g  capahi lilies.

The linea r discni mi ml a mi t  fu mm c ri omi is a tool that is imm edia ie lv

available in terms of comnuter p~-ogr amn s . It is based upon the assump-

tion that the data c a i n e  fr om a ma ul  t ivan iat e norma l populati on , and ~di~- n m

this assumption is m i d , t \ \O rks  as well as any other disc ni minan t  func  —

don. Oilier disc iVi min an t fu nction s are not readil ’. avi u s  hic fur use.
V Also , the linear discni m inant  func tion could do a r i (YlCl  j () i )  CV 0i if  the

rniiltivariate nor ma l assumption is not met; for exatuple , when th e

natural separa non of groups is so great that even a si mp le f l l i t iI O V V I  ~vo ’ld
V 

do the job. For the problem a t  ha rid , th e UE’C of ti me l inear discri rri i n a i t

fu nction was enco ura~~ ng, but  since the assumpti on of m u l t i v a r i a t o  nor-

mali ty is not appropr iate , it was decided to explore the na ture of t h e

data to see if a better meth od could be e m p loyed.

2 V ~
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• IV. EVALUATION AND RESU LTS

Thi s Chapter provides the results and interpreta tions of the data

analysis. It constitutes three parts: first , the distribution of ROKAF

accidents and a discussion of the results of the accident ra te ana lysis;

second , a discussion of the results of a continge nc y ana lysis done to

c~ terniine the re lationship between variables; and fi nall y, a discussion

of the results of a discrim i nant anal ysis used to determine how variab les

can affect the severity of inj ury to the pilot .

Distribution of Accidents

As anticipated in Chapte r III , the majority of ROKA F accidents

were found to be caused by the pilot ’s error . Table IF shows the dis-

V tribution of accidents by each cause and implie s the importa nce of ana l-

yzing the accidents caused by pilot ’s error.

TABLE II

PERC ENT AG E OF ACCIDENT BY CAUSE

Pilot ’s Ma terial Maintenanc e
Error Failure Err or Undetermined Tota l 

V

No. of Accidents 207 83 8 13 312

l~ rcentage 66. 4 26. 7 2.7 4. 2 100
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Figures 5 and 6 show the frequency of accide nts by fl y ing ti me

and by fl ying t ime in model. Because the correla tion coefficients

arrived at were -. 9567 and -. 8576 for these frequencies , it is clea r

that in ROKAF accidents there is a nega ti ve associa tion between num-

ber of accidents and fl ying ti me. h owever , this re lationship may be

si mply a reflection of the pattern of fl ying ti me among all R OKAF pilots

-- those who have had accidents and those who have not.

50 

tNo . of Accidents

V 

40

30

20 
______ 

_____

10  
_____21.& 24 .o~ — 

2.8 % 
— 

14 .0~ 9.5 7 0.1 % 14. 1 J 4~: i
V 

‘~~~ 500 1 ,000 1 , 500 2 ,000 2 , 500 3,000 3,500 4 ,000

Figure 5. Distribution of Numbe r of Accidents by Total Fly in a, Time

30

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V V V V V V V V V V V V V V V V~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _ _

GSM/SM/78S-2 1

[No . of A c c i d e m VIt ~~~

121j ~~~~~~

30

V 20

10 1 .6% 18.6% ~~~~ 1
— ___ .___ —— 1 1.7%j _~~~~~~~~I 

Fl ying Time
500 1000 1 500 2000 2500 - in Model

V Figure 6. h ) is tr ibut io n of Nu mber of Accidents by Tiine in Mode l

V 
The following data support the conte ntion that generall y the

more experienced the ROKAF has become , the lowe r the accident rate.

Figure 7 shows causes for accidents occurring in the period fro m 1955

to 1977. This chart shows that the rate of accidents due to pilot error

V is decreasing steepl y from 55. 0 in 1955 to 0. 5 in 1977. Tha t decreasing

trend is attributable to two factors : technical factors and ma nagerial

fac tors. V
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50 Accident Rate by Pi lot Error
— Accident Rate by Material [ a i l n r e

Accident Ra te by Mainten ance [rror 
Accident Ra te Undeteriiine~40

30
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10~~~~~~~~~~~~~~~ 

... 
V -

I9 5~ 56 57 53 59 60 61 62 63 6~~V 65 66 67 68 69 70 71 72 73 74 75 76 1, Year

Figu re 7. Annual Trend of the ROKAF Accident Rate

Technica l Factors. Over these yea rs the ROKAF has gained

in experience and increased the quali ty of the training student pilots re-

ceive . This in turn produces more profic ient pilot s. \\Then the
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Republic of K orea institu ted its air  forc e there ~vcre no manuals for

- operating airc raft. A few members were trained by the U .S . A. F.

du ring the Korea n Conflict .  Ba sed on their experience , manuals were

prepared. Also , the lon%er the R OK Al has been in Operation , the

more flyin a , data and records ha ve been used for better pilot tra i ning.

Ma nagerial_Fac tors. Goals for accident rate levels were

established by R O K A F  Ie:iders based on previousl y achieved result s~

This raises the question as to whether the decreasing accident rate is

relative ly flexible and responsive to thei r require ments , or is it re la-

V tivel y fi xed and thus independent of their control . The issue is deba table.

F-Iowever , it is quite certc in Ihat R OKAF poliCy is to save as many ai r —
V 

cra f t  as possible , for sou rces o; ~ irc Vraf 1- are at~-ictl y limi ted by time E~V J~~ S.

Government. Historical data were used to determine the rela tionship

V between the accident rate and cumulative fly ing hours.

Figure 8 is included to support the app lica tion of the learning

curve theory to ROKAF pilot training. It is a regression graph show-

V ing the relationship be t ween the cumulative fl ying time of the R O K A F

and the dec reasing acc ident ra te. The more experier~~ed ROKAF

pi lots have become , the greater their collective proficienc y with aircraft.

This profic iency in turn has resulted over time in a steadil y dec reasing

accident ra te.

33
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4
V Figure 9 shows accident ra tes for di f ferent  types of aircraft.

The helicopter has been involved iii fe we r accidents tha n any other type

of airc raft; cargo type aircra ft , trainers , f ighters rank afte r the m ir m

~~~~~~~
-L

_____________ 

Acc ident Rate T-6 : 38.7

Figure 9. Si mp le Averaged Accident Ra te by Airc raft I’ype
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a descending order of safety. In this ea se the y V Q ~ .J 
~~a fcty I ~ not used

to describe the natu re of the aircraft  but ra the r to r cfh :ct the likcliliooJ

of an accident Occ urring to the airc ra ft. Of the comlx Vl r  a i rp lanes used

by the R O K A F , the F — 4 is shown as much sa fe r than  the F-86. The

trainer T-37 is safe r than any other t ra ining airc raft the R O K A F  uses.

With regard to t he  phase of opera tion , ti m e i n —f l ight ph a se is more

likely to be involved in accidents than any othe r phase of opera ti on. The

probability of an accident occurring during the in f l ig ht  phase is foui

times the probability of one occurring during the approach phase. Fig-

ure 10 implies that the order of decreasitig ace ide i~t rate is in—fligh t ,

la nding, ta ke-off and then . appr oach.

Takc-~off

V In -Fl ight

Approach

La nding

1 2 3 4 5 6 7 8 9 H)

F i g ur e  10. ~ i n ;p I c V . \ve rCm ~~I V -d V \ C c J . fi t  Rat e  I ) v } V ~~j~~)~~~~~~ 

—

~~~~~~

________
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The di Str ii )ut ion of accid ent s  l)y ty l)C 01 I l l i S S i O l l  H i c  ia~-~ th a t  V I I .

of all accidents occurred dimri n g a t ra in in g  mission. The 1~erc~ m~Ll gc

of accidents occul-r ing during a combat mission was 39. 7%. l igaru II

shows the distribution of accidents by the type of mission. Suj :port i~~~e

missions resulted in tile lca~~t nu ;Vnbcr of accidents.

ContLi r I
_ _  _ _  _ _  _

Training 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ V_ ~~~~~~~~~~ 

V

Supp~)rt

25 50 75 100 125
~~~~~ O~~~~~~~~~ VV \ c c f t L ’ I 1r V . j

Figure ii . Distribution Numbe r of Accidents by Mission
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Re la t i ’) n s l l i p  h C t \ \ C L Il V i m  i i 1 ) t V V V~~

It is I i tiport a Ut to discover ~~~ ] -
~ 

V hitionsiii p bc-t~vc~ j i va ri~mble s

af fec t i n g  R OK V\ ~ 
V 

A~~~~~~S i ! , V l ) t ~~~
. a~ : \VC 1I ~~~ V V V tO a ima l v ; ’c  t i le  ~~~ j j V ~~1~ j Vfl  te i f l

R O K A J V ’ , in Qj L ie]  to U I I J L I S L I J I V . i t l 1 I~ C L l l V d C 1 L V J V
J~~~l I C S  of R O K .\ J ’  acci-

dents. This informat ion  iii nii -n ~v i l  I hel l) in th e P lcd i c t iom m a n-:1 , hope-

full y, the pre vent ion of fur ther  ace IdV ~ I :

in general , the impurta  mmcc of vel~ I onsl1i~-’S is determined in two

ways : through accepting hypotheses a mid /or rejecting them. When the

results of the continge ncy ana lysis d c f in i t c l v  and sta tistically confirm

conclusions that were hypotlie~-i zed in the a I I a  ~y si s • (~i e l i - i s  more conf ~

dence in accepting the existence of re lat ionships b-e I V v, -ecn OtI ~ :i , seem-

ing ly unrelate d , variab!es which snow a hi gh degree of depc~idency.

When the data i ndicates no rela tion ship be t ween specific vai iab lcs ,

that is useful in dispelling misconception s about relationships thought to

exist. Wi th the hope of finding the variab ]es important in a discrirni-

nant ana lysis , all the variable s related to pilot ’s in jur y  we re an alv7ed.

In order to si mp lif y the presenta tion of results , certain va ria b les thought

to be i mportant to pilots ’ sa fety, have been selec ted as the prime variable s.

Type of Airc raft  \TCrSU S Ai rcraft i)a ma cc. The prime variable

of airc raft type showed interesting re lation ships to the other variables.

The contingency table of ai~~ raf t  type versus airc r aft  damage produced a

38
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over miu jor ( I L C i V k  nt s for  a pa r t icu I :i r i~ i re m a  f [  I ~‘pa . ( ) \ c r  a l l  k - 1~~~
- \~,

V
L IV C

94 major :~ -c i dents and 2i~ debt I m l e  ti Vi V~ ~I~~V c i  d V m ~ t~ ; this  y ie l ds  a ~L-~ i m  n f l ’  i ‘-
~~ /

majo l- r a t i o  of 2. dl . F i g u f e  12 i s  t h e  CO!fl ~ V~1 ken ~~~ U ~~ T V 1 n V t i v c !m ; ~~a j o r

ra tio for typ e s of a i rcr a l i .  V I i II~ t o t a l  n u r i f t n  r (~~~ I (
V 4 V I L I e IltS i I e u m 1 ~c~1 ~

each t e  is found w i th in  tl ~ ha r repJc~;a nm ~i rig tha t e~pe.

Supporter I 51 
V~~~ _ _ _ _—

~~~~~~~~~~~~

Tra i ner 137

Fighter 124

2 2. 3 1 3
( V \ \ ~~~~ )

Figu re 12. Destru ct i  ve / N t m  or Ra 1io b V V \ i l cr a ft  I na c t i on

Fighters stand out as bein g t w u  t ime s n i  ) J -
~~ l ike l y  to he invo lv e d

in destructive accidents tha n t ra i ning a i r c r a ft , gi ven t h e  sa me number  of
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ac c iden ts .  ~ i I ~~j ) ) rI , the n t r ~I i n V -r  fl ]~~~ V~~~~~~~ft 011 mw i n  th e  Oi~~L lV of sever-

i ty  of a : c i J c m i o ~. Giv e m i tha t  an  a i C i U c H !  occurred , for thc whole of

R O K A I -  a i r c i a U  th e c t m a m i n e  of i t  b s - i n m ~ a des true t ive  accident was 69. 6%

(
~ of ch~ si r t ! e l i \V V acc i d ,  me ;  x IV

V
) / t o U  I ~ of accidents) .

Type of V \  IC f~ \‘c i m m s  I ~ia se of (~~V c i V a t i o l m  \ Vl l f ln  ai rc i n f t

typ e  was con ipa i - ed \ V I I 1 I  t i e  u i  rc i~a f t ’s phase ol p ei~n~ ion at  t Ime ti me of

the acci LL!m t  , r h -  re ~-wl n~ ag co~- i  n~ em mc \‘ Is  ~~ y i e l de d  a s ign i f icance  level

01 . 0007 . This indi ca te’-: ti S i. i l l  V~~IC ‘s a St ron~ relati onship bctween the

two va m i - i  bk -s.  For a l l  a i SC 1V .V If t  the d i tn  h t t  I on of accidents  by p1~a se of

[ J u l i S  s l io , im m in Table I lL

[‘ 1

A (~~( u (  Dl ~N 1’ 1)1 S FRI ~ I ON H Y Fl I V \ ~~11 01’ ( ) J  ‘J \)  I

Phi so 01 0, IC i-a t i o l  Pe r centncs of VV\ cc i dC n~~~

Takeoff 19. 3

I n f h i g h t  45. 7

1\pp roach 10. 6

Land ing  24.4

There ~~~~~ S some ~~Va n a  ti on in the ~va v t i me acc I L I t  phase s were distribute d

for cacti i ndi vic lu a airc raft  type as i l l u s t  i a  ft -U in [‘able IV.
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V ‘F A R I  ~ IV

Ph !ASE OF OPf ~1~ATl0N Af Cil)k ~ 1 1) 1 STRJB1JI’ION
BY I’Y1~F i \ IRCI  1 V V I

V
~ (PNJ ~CEN ]‘I\G 1V~)

Pha se of Ovc~aH
Opera lion I )isl ri bu ti on P i ghi tom - 1 r:1 ~~~ Supp orI V er

Ta keoff 1~ .3 15. 4 20. 3 30. 9

Inf l iVgh lV 45. 7 53. 8 39. 2 27. 3

Approach 10. 6 13. 2 9. 5 3. 6

Landing 24.4 17. 6 31. 0 38.2

V i \~)o of _Ai rc ra ft Vc is te ; Tvp~ O~ ~1! ssion . Because different  a

craft wo re decigned fo~ Vj if f ~~~y~~~ f f j  rn~SsiOfl~; , one v V uI m lct expect , and the

statistic s verify , a direct rein t io nship betv~’ecn the t voe of missioo and l im O

type of aircra ft. The data y ields a significance le\’e1. of . 0000.

Pilot ’s Inj ury  Versus Phase of (~~ ‘era t ion . A level of significance

of . 0000 shows tha t there is a strong rela tionship between the pilot ’s i n —

jury and the pluse of opera ti on in which tin e accident occurred. For all

phases of operation t h e  d i s t r ibu t ion  of accidents by the degree of pi lot ’s

injur y looks l i k e this (Table V):

V
~ ~
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1’Al3I ~E \/

ACC IIV )k ~ F I ) I SYIUR U FEON BY P lIV ~OT ’~; IN JU RY
(l -\arceiit ;i gn )

I

Pilot ’s__Inju r y  Percenia~ of All 4CC I d e n t V :

Fatal 40. 1

Ma j or 15. 0

None/Minor 44. 9
- VV ~~~_~~~ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~ t f l OV IC is ni nc h diff erence withi n the distribution of cacti pha so

of opera tion as is S ! Vi O i V~ 11 i.n Table \TJ~

TA13L~ VJ

V PILOT IN JU RY BY P1-hASP OF OPI~P~ATiON
V (Percentage)

- Pilot In jur y  Ta keoff Inf l ight  Approach L a n d L~~,

V Fa ta l 26. 7 51. 7 60. 6 19. 7

Major 12. 3 13. 3 8.1 11. 7

None/Minor 5 .0 35. 0 33. 3 60. 6
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V 

, 
More fa ta lities were ti-ic result of accidents that occurred during

the approach pha se of a flight. That is to say, of all the accidents occur-

ring during the approach pha se, 60. 6% resulted in the pilot ’s death (see

Figure 13).

Landing

Approach

Inf light 
-

~~~~ 

__1i__ 
_ _ _ _ _

Takeoff -

10 20 30 40 50 60
~~~~centa~~] 

V -

Figure 13. ~~rcentage of Death Decurring in Different Accident Phases V

Pilot ’s Injury Versus Flying Time . There is a relationship be-

tween the severity of a pilot ’s injury and his accumu lated flyi ng time.

The data yields a signi ficance of . 0509. It may be noted tha t , of all

ROKAF accidents , althou gh more occur in which pilots have 2000 or 
V
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less flying hours ti -ian 2000 to 4000 (whic h may he because the ROKAF
V 

- 

has more pilots with 2000 or less fl ying hours), there is a greater per-

centage of fa talities for accidents involving pilots wi th 2000-4000 fl ying

hours.

100 1
~Percenrage Fata l Accidentsj

80 ____

60

40

20 

_ -_ -  IL V _  _ V  -_ -_

500 1000 1500 2000 2500 300(.) 3500 4000

_  -_  - 

LJ~~
20 

____

30

40 ____

50 _________________________

[Nu mber of Accidents 1
Figure 14. Severity of A ccid ent , ~~~ of Aceidcnt s IF - h i v in g I i  OV J C 

V

44

_ S V V V_ V S .~~~~~_



_ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

GSM/SM/78S-2 1

Pilot ’s In jury  \Tersus Fl ying Time in M O J L l .  J V~\’cn th ough there

is a relationship between the Se ver i ty  of the pilot ’s Inj u ry and t O i l  I

fl ying tin- ic , there is no relation ship between pilot in j ury  and the fl yin g

time in model. Anal yst s showcd a . 6838 leve l of significance.

Pilot ’s In ju ry  Versus Cause of Accident.  A conti nge ncy anal-

ysis between the degree of pilot in jury  and ti m e cause of the accident

yielded a significance level of . 8922. Therefore , it is conclude d there

is no re lationship between the variables.

Pilot ’s Inju ry Versus Type of Mission. Th e  degrec of pilot in~
jury shows a slight re lationship to the type of rni ss~on. The conl:inge na v

yielded a leve l of si g iifici~noe of . 064 6. If we tnl V :e a look at the mission
V 

~~pe , close air support accidents have the highest percentage of fn taii-

ties, and then instrument flight , shooting, acroba tic, and formation

follow in the ranking of types of accidents yielding fa talities. As ex-

V p~cted , combat mission accidents resulted in a high number of ~~~~ lot

fa talities (Ref: Figu re 15).

Pilot Injury Versus Pilot Ra nk. Pilot rank was found to be sta-

tisticall y significant in de ter mining the degree of pilot injury (. 0651).

Figure 16 suggests that a Major is more li kel y to die when involve d in

an accident.
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70

60~~~~~~

50 ____

V Average

L~~~~~~~ _~~~~~~~~- 

~~~ 10 h 12

Figure 15. Severity of Accident by Type Mission
V 1. Shoot in g  8. Test F l i g h t

2. I nterce pt by Rada~’ Control  9. Format i o n
3. Acrobat ic  10. C l o se Ai r  Support
4. Liaison 11. Ins t rument
5. Air Com bat Mane uvering 12 . Cour ie r
6. N a v i g a t i o n  13. Search and Rescue
7 . Reconnaiss ance
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2 - 2nd Ft
3 - 1st Ft
4 - Captain
5 - Major
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____ No. of Accidents 1 7 - Colone l

Figure 16. Severity of Accident , No. of Accidents by Pilot Rank
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From the coliti nge ney anal yses conducted in this study t i l e  dcp - nJ-

ence between variables c~ n be derived by the levels of s ignif icance listed

in Table VII.

TA13Li~ \7II

LE\ ’EL OF SIG NlLICANCt~ LIST BET\\~E F N  VARIAI3I ES

Phase of
Operation .0184 .0000 . 5449 . 0000

Airc raft 1
Da mage .4175 .0002 .0629 .0000 sta t i s t ica l ly

L signi f i can t
Pilot Rank .0001 .0000 .0000 .0297 variab les

Pilot Injury * . 6836 .0302 . 0509 . 0~YYJ . 0597 . 0651

Flying ~~~~~~~~~~~~~~~~~~~~ ~~ 1
Ti me ~‘-i L Type Timo~~ of V

~Fype  Rank
Model ~~~~~~__~~~~~ V 

~~~~~~~~~~~~~ 
_~~ V V -

*\Iariahle s which were proved s igni f icant  et the level of . 1
were selected for the discriminant function

V The pri me variable , pilot ’s injury,  was found to be dependent on the

following with less than .1 significance: aircraft  type , fl yin g ti me , phase

of opera tion , type of mission , ~nd pilot rank. A level of significance

less ti-ian . 1 imp lies some relationship between pi lot ’s in jury  and the

above mentioned variables. So , the function for discriminating bet ween

the fatali ty and the non-fatality of the pilot involved in accidents included

these va riables.
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I lowcver , as the \‘a r iablcs , exc ept fl y i m m g  ti me , arc not

measured on the metric scale it was hard to include the m in the discri—

m inant function. The li s fore , all  nomina l scales we re conve r ted to

metric sca les by assigning the m a numbej- based on the deglVees of each

ca tegory ’s sever it y. Thosc were dctel mincd by this function: t i-ic

severity of each category = ti -ic numbe r of Pilot deaths in  that accident

category divided by tota l numbe r of accidents in tha t ca tegory multi-

plied by 100. For exa mple , the severity of shooting missions is: 27

pi lots deaths divided by 14 accidents = . 6136; mul t ip l y by 100 to obtain

the severity va lue of 61. 36. Other exa mples:

Takeoff p h a se :  16 death s divi ded by 60 accidents X 100 = 26. 67

Students: 5 deaths divided by 23 accide1its X 100 = 21. 74

V F-86: 17 deaths divided by 129 acc~der its X 100 = 44. 19

This ma de it possible for all the variables rnen~inri ed above to be included

in the discriminant function. The values for each cate gory are as in

Table VIII .
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1’AII LL \‘lll

\-TAUV JFS R1~ i’R LSFN V 1~IN ( ; N O: \ I IN V -\L \ ‘A1~JA I3lJ~S

~ lr Ia i ) l c Ca t~ go1v \‘a h 1 V 1ual) l~ ( ~t (fl \

MVission 1. Shooting 6 1. 36 j )~~j V~ 5~~~ 1. ~1’fl L otf 26. 67
2. Inte rcept 3 1. SS 2. In f l i gh t  5~ 7V 5

3. Ac robatic 20. 34 3. Approach 60. 6 I
4. Liaison 26. 67 4. Ui n din~ 1 9. 73
5. Air Combat 4-1 . 83

Ma neuve ring R a n k  1. Student 2 1. 71
6. Na vigation 30. 00 2. 2nd Ft 4 1. 27
7. Recon n ais— 33. 33 3. 1st Ft 43. 5)

sance 4. Captain 31. Q~4
6. Test Fli g ht 44. V 14 5. Ma~or 54 .  55
9. Forma tion 44. 44 6. Ft (~~~~ l 26. 67

10. Close Air 66. 67 7. Ccl~~~~! Sfl. (JO
- Support

ii. In strunieni 61. 90 Tv~~ 1. F — 4  (~~~~. 
(;

12. Courier 30. 00 2. I
V V _ 5  7 ( ~~~.

13. Sea rc h 60. 00 3. F~ S6 J V j 19
4. F-5 1 31. 4~-~
5. T- 33 45. 16
6. T-37 100. 00
7. T- 28 33. 33
8. T-6 19.44
9. C-Type 24. 24

1 0. 11- V~V~ 26. 67
I l .  Uti l i t y  42. 86

So five variable s, fl ying ti me of pilot , the mission typo , the

stage of opera tion , the rank , and the a i rc ra f t  type have been selcc ted

for tile discri min ant  ana~vsis .  Of them , the fi rs t represents ti -ic pro-

ficiency of the pilot and the others and for tile relative riskiness of ope ra-

tion in each category. In selec ting the variables , there is no multico-

linearity hatween the Va riahies . Th i s  is shown in Table IX .
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1’ABlJi IX

Will hE N (
~~~ V~~

Q
~~~~pç; CORRELAT 1ON l~1\1~R1X

Variables A B C D

A 1. 00000 V

B -. 11975 1. 00000

C - . 14937 . 32626 1. 00000

D . 10055 . 14424 . 12938 1. 00000

E - .03 673 . 26294 . 19353 . 17495 1. 00000

A: V I ~~ t ! Fly ing  Time
B: Type of Mission
C: iThase of Opcra tioa V
I) : Pilot Rank
F: Type of Airc raf L

As there was only one accident of a T-37 , much more data will

be needed to confirm that the severity of T-37’s is 100%. IViowe ver , in

this study the normal distributions are assumed.

Discrimina nt Ana lysis Results

A summa ry table for the stcpwise discri minn nt ana lysis based on

the maximum Rao ’s \T , a generalized distance measure (Ref 8:448) cri-

terion is provided in Table X. The sta nda rdized form is used because

“each coefficient represents the relative contribution of its
associated variable to that function. The sign merel y de-
notes whe the r the variable is making a positive or negati ve
contribution. “ (Ref 8:443)
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TABIVJ ~ X

STAN I)ARI )IZI~L) I ) [SCR1MlNA N l~ JUNCTION COFFFI CILN VF

Pilot ’s Inju ry Function
~T.lria i) 1(~s Sla u~J l  di zeVd Coefficients

Tota l l- ’lying Ti inc — . 53240

Severi ty of Mission Typ e -. 50463

Severity of Pha se of - . 32068
Opera ii on

Severi ty of Pilot Rank - . 26648

Severity of Airc raft Type -. 34803

The imp lica tion s of these VL~C S1JltS n e  very  i rnporta nt. The total

fl ying ti me variable shows the highest discriminat i V ng power a mong the

fi ve variables. Mission type indicate s a higher di scri minati ng power

than the other three variables.

These results m ean that ti-ic niore fl ying ti me the pilot has , the

greater is the probability of the pilot losing h i s  life. And wi th less

definite ness , it might be said that the more dange rous tile mission that

is involve d in the accident , the greate r ti-ic li kelihood there exists of the

pilot losing his life ; a simi la r rela tionship exists for the n-iission type.

Also , the more fl ying t i m e  ti-ic pilot has , the more like ly it is for hi m

to be involved in a fata l accident. V

V V_  
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TAE3LF x~ 
V

V DI SCRIMINANT ANALYSIS SUM ~~~VV \ R Y  (N 179)

th rtial Wi lk ’ s Si gn if i  — C h i  uge th 3j ( r~~V
j j  ~~

j . .

Variables 
— 

F 
- 

L.ainhda ca noe Ran ’s ‘~‘ V 
cance

A 14. 1282() . 92608 . 000 14. 12820 . 000

B 7 .57 166 . 88788 . 000 8 .22249 . 0&4

C 2.80079 .85125 . 000 3. 29392 . 070

D 4.63946 .86495 . 000 5.28503 . 022

F 1.75965 .84268 .000 2. 11493 . 146

The formula s m r  clas siV l ica tions scora vere determined by cLtss i—

fication function coefficients as fol lows:

The function for the fata l pilot group is:

10921 (mission type ) + . 1063-I (pha se of ope ration )

+. 53107 (pilot rank) ± . 13923 (airc ra ft type) V

+. 00199 (fl ying time) - 21. 278 = classification score
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‘h u e  fu n et h  II  l u r  l O l l ’  - t t ’ - i l p i l o t  
~~~~~~~~~~~~~

( )V5 i6~) ( I 1i5 ; ~~ioI1 t ype ) 
V f V  • (J~~ ~~V I  ( V ~~1~~~~c of Opera t ion )

.VI V .50320 (~~H~~~ank)  + 11~~ ( - i -n f l . t ’~pc)

+ .0~ 3~ ( t l \ i n g  tinic) 
— 16. 6i~

) = c1a ss i f i ea t ~on 5 c) I V O

The disc i i  ml V O l t  p~ i of di V a fi \ e  va Via ~ cii n he P Uter vi su :i Ii  aed h’:

rCf V V I - r i i 1 ~~ to the c)a~~si i c at i o n  reru lts iii P h i  X 1[ (~ ef 5: 57) . i ’iii~

Ta ble shows the perc~- ntac ~e of ace V V~~~~~~ tS correc tlv classified int o each

group.

TABLE Xli

C L A S S E P 1 C A V I R ) N  Rl -~S(JLT S

Predic ted -

C rOU[) 
_____________________

No of
Cases V Fa ta l Group Non -fa ta l Group

rAC~U~ I Fa ta l Group 83 69. ~~~~~~~~~~~~~~~ 

V__ -—

Group N on-fa ta l Group ~~ 
~~~~~~~~~~~~ ~~~~6 7 7~

68. 7%of known causes correctl y classified x~ = 23. 075 signi ficance = . 000

Most important is the fact that 67. 7~ of the actual non — fata l group

were correctly p r edic t-a d and 69. 9~~~V V of t i-ic actual fa t a l  group were correct-

ly predicted. From that table ., the probabi l i t y  of misc lassifica tion error
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V. CONC I -! SI ( )  I C 
~\ ND id ~~( ) M \ 4 ~~Nl ) V \ T l O N ~

Th is study was conduc te d to e v a l u a  accidents ii 1- ~ fl K A J h  A

total popula tion of 312 I f l a jO l V accij ci :s \~-h ich  occurred from I ) V ~3 th rcagui

1977 ~‘ere aiia1v~cJ. T h e  cj l l a f l t i t l t i v c  leve l of r i sk  \‘ -‘~i~-; e v a l u a t e d  by

“accident ra ft  ~ and the decreasing ra te according to th V ? incre ase of

cumu la t ive i i Y i  na ti nlc h RE) K 1 -’, i was est iina t e d  by nV j O ~~
-
~~ ion a na Iv .

‘Fl-ic qua l i t a t ive  levcl of risk was indicate d iii terms of t h e  fa ta l i ty  of

accidents , and the qua lita tive variables and fivi ll fl V ti l i e  va r i ab le  ~~~~~~~~~~~~

V selec ted in  order to Predict t h e  pilot ’s death fro m ace i J e i i t ~~. Ba s~ J on

the results of the stedly ,  the  ~onclus ions a r i-i \ ed  at a i~ d reca n n i c n d i  dons

made are presented h3lo~\’.

Conclusion 1

In R O K A F , 66. 4~ of airc raft accident s oce In -r in g from 1955 to

1977 were caused by pi lot ’s error. 
V

- 
- 

ecommeuda t ion

The most effec tive way. to decrease tile ace ide~its i s through
V 

approachin g P ilot error accidents. A i P l o u g h l  pilot s are cons tant ly  COIl -

fronted w i th  a see mingl v endless a mount of ma terial  and require i I IVe lits

empha s iz in g  f l \  ing sa fe ty, th e results of t h is s tudy s I Ic ~cV cSt tha t the

emphasis  on pi lot  safety is neec ssa rv, s hi ou l d be con U nueci , and maybe

strengthened .
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Conclusion 2

Of the total accidents , 45. 8% occ urred when the pilot ’s fl ying t i m e

was under 1000 hours , and 67. 6% occurred when the pilot ’s ti me in model

was under 500 hours. The pilot error accident rate dec reases in an

inverse proportion to the RU K AF ’ s cumulative flying ti me . Tha t means V

that the more flying time experience the ROKAF has , the lower is the

pilot error accidents per 100, 000 flying hours.

Recommendation

By decreasing the accident rate and saving pi lots t lives, improving

pilots ’ tra ining will hel p the ROKAF meet the inc rea sing burden of fl y ing

cost. “A stitch in time saves nine ” applies in this case.

Conclusion 3

The result of the contingency table between the pilot ’s inj ury and

the tota l flying time showe d a close relationship betwee n the two variables.

This re sult is consistent with the belief in the ROKAF that the more fly-

ing ti me experience a pilot has , the less chance he has of being involved

V in accident s , but the greater risk he takes of losing his life in case of an

accident.

Recommendation

The progra m or procedure designed to reduc e the occurrence of
V accidents and to inc rea se the safety of pilot s should be pre pa red sepa-

ra te ly. The policy for the lower flying time experienced pilots ought 
V
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to put an emphasis on dec reasing the occurrence of accidents . On the

other ha nd , ti-ic policy for higher fly ing time experienced pilots necessi-

ta tes its emphasis on increasing safety for pilots.

Conc lusion 4

The decreasing order of discrimina ting va riables wi th respect

to fa talities in au accident is that of operationa l phase , aircraft type ,

mission type, and rank. Among the. various phases , accidents dur ing

V approach result in more pilot fa talitie s, followed by inflight , takeoff ,

then landing. However , accidents are mos t like ly to occur d uring tlie

inflight pha se. Following that , the landing pha se , take off phase and

- 
V approach phase are in a decreasing order of accident potentia li ty.

Recommendation

V 
For the safety of flight (i.e. , reduce fatalitie s in airc raft acci-

-
- dents) , the ROKAF should pay close attention to phase s of operation ,

especially the approach phase which h
V
as the highest discri mi nating

V standardized va lue. However , to decrease the accident rate , it mus t

pay a ttention to the infligh t phase.

V V ~ Suggestions for Further Research

It is desirable tha t more anal ysis o . this t ype be done on the. acci-

dent data presently ava i lable . For example , as this stud y was designed

to give an indication of where to concentrate future safety efforts and to
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show h ow succ essfu l  ulast efforts ha ~‘e j )
V n , f u i t l ior rL~sea i-ch is needed

to find out wi ly pi lots make errors an d h o w  suc h e rrors can be eli mina led .

In the proc ess of resea rc hing this s t t td V it  was discovered tha t a consid cr—

able amount  of accident da ta v a  s a \r ai lLlble on R O K A F  accide.nts , hut ~‘crv

little had I YL J I done witl V i tha t  da ta in the way of sta t I sth~u I a na ly~ ie .

It i s lC COIflII lCfld O( .1 tha t  more of th is  type ana lys i s  he done. V\ 5

there were ma ny iVesults of analysis  not used for thi s stud y, hut th ought

to be useful for another study, these results are included il -i Appendix I) .
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APPI N DE X A

Table of Symbols ~nd 1)e f i ij i t io i : s  for Airc ra ft

Type M~ ~de 1 Acqui sitton Description

F— 4 0cc 77 TWO engi ne , all weather  ~~~~~~ fi ’: a—
or capable (i f performing air super—

D Aug 68 ior i ty  close air suppor t , int erdictio n
______ fl l iS SiOfl .

F—5 A Apr 65 Two engine dua l mission for lic lite r
B Apr 65 and t r a ini ,nn ,. Basi.c inte rception
E Sep 74 wea pon. Wide ra nge of comba t and
F Sep 74 photoci’n p lii c_red-onn al ssa nec.

F—86 F Jun 55 Sing le engine , low wing fighter. All
___________ F) 0ct 58 weather in h:erccpt :or . __________

F—SI 1) 51 Iwo sc-at , one e l ig i l  V
~~ propelle r

_______ ____________ fi gliu-~r.

T—33 A Aug 55 Sta nda rd j ed tra i ne r , good navig ati on-
________ ________ _____________ al equ ipn ~icnt. ______

T-37 A Nov 76 Jet trainer. Performs mi l i la  - iv stir -
veillanco , low level a ttack du t y .

_______ _____ ______ Side-by-side sc a t V s .

T-28 A Dec 60 Designed for replace ment of T-6
trainer. Two sea t basic trainer.

T-6 A Feb 54 Economical sta nda rd trainer.

C-46 D Apr 55 Two reciprocating engines, troop
and cargo ca rrying,  transports 4

______ ________ ____________ cre w members.

C-54 F) Jun 66 4 engine long range mil i tary trans-
________ ________ ______________ 

port.

C-123 K Jan 74 Tactical tra nsport , improve~i take-
_______________ off _ p er forn i i nec .
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V ‘I’y~e Mode l Acquisition i)cscription

C— 118 May 70 4 engine turbo pro p tr ansport for
_________ ________ _____ VIP. _____ ________ ___________

U ll  i l l  0ct 67 One and two jet eng ine passenger ,
B Oct 67 cargo, transport; , a ir  rcscrve
N Jan 71 mission. __________

T-41 B Jul 72 Stucle-nt pilot trainer. Used in basic
t ra in in g  before passing on to the

___________________ 
T— 37 jet pri n iarv ti-a m ci-.

0-1 G/A 67 Light reconnaissance and obser-
vation airera ft.

0-2 A Sep 74 Liaison and t iaining mission

(Ref  5)
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1iqu ati oin- ~ for R -grcss io~ Ann lysis  01 E i l ; l ) i r i C n l  l)a in

1. The oi igi nat f u i i c i ion , y Ax ~~, was ti-a n~-~ for i~ied to the lot e’i ~- iy~ :

log Y ’ — log A + 11 Io~ x

2. As il i ~ acc ident  ra te is the n\’C ~Vj  
~~

‘U rate of each year , it is neces-

sary to get t h e  cumula tive i i i ) : In l ( i O 3 ir I t ~ as f~ l Iov ~-s.

Tim e midpoints , f ir s t  rough a ~pro~’n ma Li o n :

X~ = Cum F
H + - 5 Nj

Cum F~..i; Cum fl ying ti me until vee r j — l ,

F~; fl yi ng time in year j (Ref 6:92). (5cc Figure 17)

3. The residual , t h e  di f ferenee between ti-ic a ctual a i-id the esti ma ted V

va lue (Y’) for each case , inay be represented h” th e exp~:c~ sj on

Residuals log Y - log Y’ = Si-cs

If we substitute y fo i; log Y, ‘sr ’ for log Y ’ , a for log A , x for log X(Ref

15:470) , the following function can be writte n in the more fa milia r regres-

sion equation form; y ’ a + Bx y = y ’ + Sres. From that , the values

of B and a come out

B = [~
(~~(Y~Y ) J a = 

~~
‘ - B~ (Ref 15:323)

4. Sta nda rd error of esti ma te (unbiased)

s = 

f

~~~Y~ Y
v
) 2 ] 2  (Ref 6:93) 
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A VV Accid ent Rn to

S I I
I I I I
I I I I
I I I
I I I I
I I I I

I I I
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Figure 17. I ’Iypothc tica 1 Rela tionship 13CC\\V CCfl \ c c i d V a l i t  Rn ic a tel Cuma ia i ive
Fl ying Time.

5. The coefficient of determination (R~ ) comes from its defi ni tion

Yxy2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (Ref 15:324 )
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AP PNND IX C

Anal ytical ‘f tch i - i i q ccs  for I ) i scr i m ii - i an t  Anal y s is

There are three ba sic  unde r ly ing  assumpt ions  of discr i mi nant

anal ysi s . They are  ( I ) tiia . t the two groups b e ing inves t ig a ted al-c clis—

ci -eto and id en t i f iab le , (2) that  each” observa tion in each group can  be

descr ibed by a sot of il ’ieasurcmenls on seve ra l cha racteristics or vari-

ables , the 5 var~ablcs used for this study , and (3) that these severa l

variables are assumed to have a rnu lt iva n a t e  norma l d i s t r ibu t ion  in

each popu lation and eq ua l covari ance matrices among popu lation s . The

fi rst two assumption s are seen to be sat isf ied as discussed in Chapter

III. The th ir d  a ssumpti oa indicate s the ~e~ d for seonr a ic  s ta t is t ic a l

tests to de termine if the variables arc n iul t iva  i-late norma I and ii ~ the

cova riance matrices are equal. Sinc e nc sati sfactory tests exist  for

testi ng populations to be mult ivariate norma l, it i.s c l i f f lcu lt  to routinel y

~~st the normality assumption.  Fina l ly , t h e  centra l 1 mit them-c in sug-

gests that as the numbe r of observa ti ons inc reases , the ch iscrimina nt

values for each group approaches a normal distribution (Ref 16:206) .

The assumption of equality of covaniance matrices (for cxa mp lVe ,

equality of w ithin group dispers ions) appears to be more cr i t ica l  in

biasi ng the results. The wi th in  group dispersion matrices for the two

- groups of da ta were computed and are shown in  Appendix F). The pooled
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withi n -  Y~roups ( i iSpCia ; iOl I  ma tri x is  also sl~~wn. The grou p d i s j e v s i o n

ma trices were to sted lot- c ju a Ii ty by the ~~~I (  ~~~
( dune give n in Appen d I:: I ) .

Afte r sa t isfy ing ti -ic assumpt ions  prc rei i-a tory to the actu a l anal  \ ‘S i  S one

can f i rs t  test the equa l i ty  of groLip II V LSIf lS .  Ti-ic n u l l  h y n o t f i ; sis k :

1-b : ii ii
1 2

where = ( i i  , ii ii , , 0 )
1 1, 1 1, 2 1,~ 1, ’~ 1, 5

and ü = (
~ 

, ti , u ,~~~~ , j i )
2 2, 1 2 ,2 2,3 2 ,4 2 , 5

The following steps are used by this a t~n l ys is to test for the equality of

group men us:

Step (1) the means for each group are  comnuted

(x 1, 1, X1, 2~ X1, 3~ x~~ 4, ) I = 1, 2

Step (2) the differences in group means-are  compute d

~~~~~~~~~~~~
1 2 1, 1 2 , 1 1, 2 2 , 2 1, 3 2 ,~~ 1, 4 2 ,4 1, 5 2 , 5

Step (3) the mal:nices s1 and s~ arc computed where an ele ment

of the s1 is given by

S~~~, ~ 
= (Xij u - 

~~~~ , u) (Xij u - ~i , v) and

1, 2; u = 1, 2 , 3 , 4 , 5; ~ = 1, 2 , 3 , 4 , 5

Step (4) the matrix A is compute d

A S1 +S 2 where (a3 1, a~~, a13 , a)4 , a 35) is the ~th row of ~~
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Step (5) th e  Ma I a in noN s I )~ s ta l l  st ic is cot rp u tc d

I’l l flu 
—

= (n + n — 2)  a ’3 (x 
~ .) (~: V - 

~~1 2 i i  j = l  1, 1 ;: , I 
~~~~ ~~‘3

Step (6) The F Sts Li ~t ic is con dut cd

11 n (ii — n  — r n — I )  in
1 1 2 — n - n - V

ni (n —n ) (n  — n  — 2 )  .

1 2 1 2

w It _ re  n and i t  are the respectu VO si ZCS of the two groups at -id
1 2

m is the number of variables.

The null  h’~pothesis can be r eje c t ed  v iten the value of t h e  test sta tistic is

~~Vrente 1_ tha n the tab ed value of F for the dcsi T V Vl L vel of si~ n [fir_ n nec.

The c 0’i: - fl of th e cli.scni in! n a n t  function i-s [rcdi cetci upon

minimizing the effects of misclassification (Table X iii) and assign~ ng

~ ~ects to the group to whic h they have the greatest i-ese mblnnce. The

effects of misclassification depend upon the a the a priori knowledge of

group membership and the costs or pena lties of misclassification.

TABLN XIII

~ Risks and ~ Ri sks in Classification

i)ecis ion —
Fatal — N on- 1-ata l

______________ Pi lot C roup I ‘ii ot C roup

Fatal Pil ot G rou p 0 
—~~~~~~~~~ ~~ Risk

Truth
Non — la t a I Pi lot C i’oup a. Risk ()
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-
- !‘ltc 

~~~~ P~~e’ ! i I t a  Sa11ll ~~ flO SI r:l, i t 1  a I r i n r i  H ohc h i i tv  of

belong ing to c i t h ~ 1 t~U a t ) • 
~Ov c~ a n adu , the pr ohaf l ib t Y of I L : l O f l Y i f l g  tO

eithe r group ( in  t i l e  t v o ~ I oup case)  is  o : l e - l I - a I f .  i’h-e v a lso a s s u m e

the cVosts of i’ri i a: l ~if ~ca i iofl  to I ~ eq t ia 1; Of O X V I  I I~ 1: , t l 0  cos t Oi

ass i gning  a n  a c t u a l  m i m e n i b e r  of group nunl! x :  r Of l C  tVO gr~n ip n~I I n l ’er t \’V~~~

is tti e sa me as as s in i l i  I I ~ a n~embe r of g~~ sap f l U i i  ~~~~~]
V two to grou p nun ’i—

her one .

The r n e a s i H c  of res ’V’nl h l n n c C  is dct :eri n ined  by the sevci - i I

Char act et i  t i cs  which d seta i ;e cach SU h VI C e .  ~ subst ~tu t in g  the sin

of the character ! sties into each g I V OU P ‘ s pio !v~h~1 ty den s it y  fu nction , i t

is de t c rmi i iV V d h o w  c 10: - d y  the  subjec t  I’ 1-se~ n id he r, r oup as coiiip ii’c l

with the rest of the I ) O P UIa t iOa  T1~e spss pre~’ r.: ms \ V i ~ .I ( ~l the C ( e f f i —

cients and con sta nts for t h e  l inea l -  clas sification iu :’ct ic n for eac h groap

in the tota l popula ti on.

Jn ordei. to determine wi ’  t effect’ the ch o s e n  variabl es had on

pilot ’s in jury ,  it was ( l cs i ra l ) l c  to I I ~alSurc  the associa t ion  among the

va riables. The assoc iat io n  i ’vsi sur e  e m p loy ed was t i e  p rodu c t—moment

corre la tion coefficient. ‘[lie c or r e i t t i om i  cOmputa t ion s  and correla tion

matr ix  for ti le entire cia ta sot is give n in App en~h i x F).

For t i ~e association measure a mong cia to un i t s , most i nvestiga tons

use metric measuics  wh i e it the d m t : i  units  arc described by interva l va ri-

ables. ~det sic measures must sa ti sf v c e r t a i n  prope 1~t ics .  If i: is a
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gi ven n l d : i s t t r L l m l c n t  space and x , Y , and / a ‘
~ 

V 

~~~ i t s  i l - i  F ,  t hemi  an asso-

cia don function I ) is a metr ic n s a  sure if , amid onl y if , it sa t i s f ie s  tI Ic

followin g co ndi t ion s :

For the H ct sir sea le 
* h e  foi l o~ ng ch in  I VaVS LeJ ’ s ho s a re a pproved .

(1) F) (
~ , Y) F) if and only if X = Y

(2) 1) (X , Y) I )  for a l l  >( an d  Y in F

(3) 1) (X , Y) = I )(Y , X) for a II X and Y in F

(4) P(X , Y) iJ( Y , Z ) + J , )(Y , z) f o r a i l  X , Y and / in F

whe re 1
~(x , Y) = dista nce hot~ve: n X an d  Y

For the nomina l sea ks , those ca nnOt -  I C  approved.

As some var i ab les  from the ( ‘ou u iI i g e i I :v  t a b l e  ni-c mi t-c a sured by

noi’ra ual number , it is nec essa rv to ecs i~~e- rt to l i m e L - i c  measure a SsoOiCtc dl

with thie airc ra ft accident: ri sk. To each nor n iun I n sm ther , ti-ic percen t~ ~e

of fatal accident s to tota l acciLL fits was applied to convc it to a metric

mea sut -c .
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(;S~ 1 5 - ’s:\1/7S~- 21

N1J~.:~ E~~ OF fAK ~O~’F A CCI HIS [: “ Y EA~ .V CAUSE

i o le— U n d L t c r —
Year N 1 ot TV ~~: ter- i ~i 1 

- 
n:  cc i i  cd Tota l

- 1955 4 0 0 0 4
1956 0 1-  0 5
1957 8 0 0 0 8
1958 4 0 0 0
l 9~’9 2 2 0 1 5
1960 1 0 0 0
1961 3 2 0 0 5
1962 2 0 0 0 2
1963 0 3 0 

- 
0 3

1964 1 1 0 1) 2
1965 1 2 0 0 3
1966 1 0 0 0 1
1967 1 1 0 1 3
1 968 0 1 1 3 2
1969 3 3 0 0 6
1970 1 J 0 2
1971 0 0 0 0 0
1972 0 0 0 0 0
1973 0 0 0 0 0
1974 1 0 0 0 1
1975 1 0 0 0 1
1976 0 2 0 0 2
1977 0 0 0 0 0

Total 38 18 2 2 60
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(;s\1/~ \ 1, / SS- 21

NUMPd OF T~ FLTC 11T AC C IDI ’ NTS BY YE A R . CAUSE

~~:ii nte- Uridet~ i--
Year P i l o t  ~1 mined T otc~l

1955 13 3 0 0 16
1956 14 6 1 0 21
1957 7 2 0 0 9
1958 3 5 0 3 11
1959 6 1 1 2 10
1960 2 3 0 3 8
1961 4 5 0 0 9
1962 5 0 0 0 5
1963 5 2 0 0 7
1964 4 2 0 0 6
1965 4 1 0 0 5
1966 3 0 0 0 3
1967 3 1 0 1 5
1 968 5 2 0 0 7
1969 4 1 0 0 5
1970 3 1 0 0 4
1971 2 0 0 0 2
197k 4 2 0 0 6
1973 1 1 0 0 2
1974 0 0 0 1
1975 1 0 0 0 1
1976 0 0 0 0 0
1977 0 0 0 0 0

Tota l 93 38 2 10 143
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C SM/SM /78 S- 21

NUMBER OF APPROACH ACCIDENTS BY YEAR , CAUSE

Mainte- Undeter-
Year Pilot Material nance mined Total

1955 0 0 0 0 0
1956 3 0 0 0 3
1957 0 0 0 0 0
1958 0 0 0 0 0
1959 1 0 1 0 2
1960 2 1 0 0 3
1961 0 1 0 0 1
1962 1 0 0 0 1
1 963 1 0 0 0 1
1964 2 0 0 0 2
1965 0 0 0 0 0
1966 0 0 0 0 0
1967 1 1 0 0 2
1968 2 0 0 0 2
196~ 0 0 0 0 0
1970 1 0 0 0 1
1971 1 1 0 0 2
1972 0 0 0 0 0
1973 0 1 0 0 2
1974 5 0 0 0 5
1975 1 0 0 0 1
1976 1 1 0 1 3
1977 1 1 0 0 2

Total 23 7 1 1 33
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GSM/SM/78S 21

\Tff A

Suh lb Sun was born Su Chun , Chun g Narn , Korea , on Septe mbe r 13,

1939. lIe gra dua ted from hi gh schoo l in Seoul in 1960 and atte nded the

Korea Air Force Academy from which lie gradu~ ted in 1964 with n

Bachelor o Sc ience degree and a Coinrni s~ion in the Korean Air Force.

After completing pilot traini ng he ope rationa ll y fle~v th~ C— 4 6 at  Tac Cu

AFB, the C-54 in Kim Hae AFB and Saigon in Vietna m in 1969; la ter in

the VIP Squadron at Seoul AFB. In 1977 lie was selected to attend the

Air Force Institute of Technology at Wri ght-Patterson AFB , Ohio. He

is married to Chung Ki Ok, Urn Sung Chwig Buk . They ha ve two sons ,

Seung Burn and Seung Chari .

Permanent Address: 1167 Sin Ku 7 Dong
(#303, Bld g Ra AF Apt)
Yong Dung P0 Gu
Seoul , Korea

This thesis was typed by Mrs. Eveanna Vaught.
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GSM/SM/78S- 21

NUMBER OF 1ANDIN (~ ACCIDENTS BY Y~I~R, CAUSE

Pilot Material Mainten Undeter-
Yea r Error Fa i l ure ance Err or m i r~ed Total

1955 11 2 0 0 13
1956 4 1 1 0 6
1957 3 1 0 0 4
1958 5 2 1 0 8
1959 2 2 0 0 4
1960 4 2 0 0 6
1961 3 3 0 0 6
1962 1 0 0 0 1
1963 2 0 0 0 2
1 964 1 0 0 0 1
1965 1 0 0 0 1
1966 2 1 0 0 3
1967 2 0 0 0 2
1968 0 0 0 0 0
1969 0 0 0 0 0
1~70 1 C 0 0 1
1971 2 2 0 0 4
1972 1 0 0 0 1
19/3 3 1 0 0 4
1974 2 0 1 0 3
1975 3 2 0 0 5
1976 0 1 0 0 1
1977 0 0 0 0 0

Tot~1 53 20 3 0 76
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GSM/SM/78S-21

NUMBER OF ACCIDENTS BY CAUSE, YEAR

Pilot Material Maintnenace
Year Err or Fa i lu re Error 

— 
Undetermined Total

1955 28 5 0 0 33
1956 25 7 3 0 35
1957 18 3 0 0 21
1958 12 7 1 3 23
1959 11 5 2 3 21
1960 9 6 0 3 18
1961 10 11 0 0 21
1962 9 0 0 0 9
1963 8 5 0 0 13
1964 8 3 0 0 11
1965 6 3 0 0 9
1966 6 1 0 0 7
1967 7 3 0 2 12
1968 7 3 1 0 11
1969 7 4 0 0 11
1970 6 2 0 0 8

4 1971 5 3 0 0 8
1972 5 2 0 0 7
1973 4 3 0 0 8
1974 8 0 1 1 10
1975 6 2 0 0 8
1976 1 4 0 1 6
1977 1 1 0 0 2

Total 207 83 8 13 312
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GSM/SM/78S- 21

AIRCRAFT TY PE VERSUS Ph ASE OF OPERATIO N

Count TAKEOFF APPROACH
COL PCI ROW
TOT PCT 1 2 3 4 TOTAL

1 0 2 1 0 3
O 66 .7 33.3 0 1.0
O 1.4 3.0 0
0 .6 .3 0

2 4 10 4 3 21
19.0 47.6 19.0 14.3 6.8
6.7 7.0 12.1 3.9
1.3 3.2 1.3 1.0

3 18 73 17 21 129
14.0 56.6 13.2 16.3 1.5
30.0 51.4 51.5 27.6
5.8 23.5 5.5 6.8

4 6 13 2 8 29
20.7 44.8 5.9 27.6 9.3
10.0 9.2 5.1 10.5
1.9 4.2 .6 2.6

5 9 12 6 4 31
29.0 38.7 19.4 12.9 10.0
15.0 8.5 18.2 5.3
2.9 3.9 1.9 1.3

6 1 0 0 0 1
100.0 0 0 0 .3

1.7 0 0 0
.3 0 0 0

7 1 1 1 3 6
16.7 16.7 16.7 50.0 1.9

1.7 .7 3.0 3.9
.3 .3 .3 1.0

8 4 16 0 16 36
11.1 44.4 0 44.4 11.8
6. 7 11.3 0 21.1
1.3 5.1 0 5.1

9 9 11 0 13 33
27.3 33.3 0 39.4 10.6
15.0 7.7 0 17.1

Ii 
—___  _ _ _  
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GSM/SM/78S- 21

AIRCRAFT TY PE VER SUS PHASE OF OPERATION
(Continued)

TAKEOFF AP PROACH
COL PCT FLIGHT LANDING ROW
TOT PCI 1 2 3 4 TOTAL

10 5 1 2 7 15
33.3 6.7 13.3 46.7 4.8
8.3 .7 5.1 9.2
1.6 .3 .6 2.3

11 3 3 0 1 7
42.9 42.9 0 14.3 2.3
5.0 2.1 0 1.3
1.0 1.0 0 .3

COLUMN 60 142 33 76 311
TOTAL 19 .3 45.7 10.6 24.4 100.0

RAW CHI SQUARE = 60.81079 WITH 30 DEGREES OF FREEDOM.
SIGNIFICANCE = .0007

I
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GSM/SM/78S-21

AIR CRAF T DAMAGE _ VERSUS PUAS E OF OPERA TION

COUNT
ROW PCI TAKEOFF FLI GHT APPROACH LANDING ROW
COL PCI TOTAL
ioi~ ci 1 2 3 4

1 29 27 3 35 94
IAA 1I~It) 

30.9 28.7 3.2 37.2 30.1
48.3 18.9 9.1 46.1

9.3 8.7 1.0 11.2

2 31 116 30 41 218
14.2 53.2 13.8 18.8 69.9

DESTROY 51.7 81.1 90.9 53.9
9.9 37.2 9.6 13.1

COLUMN 68 143 33 76 312
TOTAL 19.2 45.8 10.6 24.4 100.0

RAW CHI SQUARE = 34.13217 WITh 3 DEGREES OF FREEDOM. SIGNIFICANCE .0000

AIRCRAFT_TYPE_VER SUS TYPE OF MISSION

COUNT
ROW PCI COMBAT TRAIN SUPPORT ROW
COL PCI TOTAL
TOT PCT 1 2 3

1 96 52 6 154
62.3 33.8 3.9 49.4FIGHTER 77.4 38.0 11.8
30.8 16.7 1.9

2 24 65 14 103
23.3 63.1 13.6 33.0

TRAINER 19.4 47.4 27.5
7.7 20.8 4.5

3 4 20 31 55
7.3 36.4 58.4 17.6

SUPPORT 3.2 14.6 60.8
1.3 6.4 9.9

COLUMN 124 137 51 312
TOTAL 39.7 43.9 16.3 100.0

RAW CHI SQUARE - 123 .30809 WITH 4 DEGREES OF FREEDOM . SIGNIFICANCE = .0000
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C SM/SM/78S- 21

TYPE 01 MISSION VERSUS AIR CRAFT_DAMA GE

COUNT
ROW PCT MAJOR DESTROY ROW
COL PCI TOTAL
TOT PCT 1 2

1 28 96 124
22.6 77.4 39.7

COMBAT 29.8 41.0
9.0 30.8

2 49 88 137
35.8 64.2 43.9

TRAIN 52.1 40.4
15.7 28.2

3 17 34 51
33.3 66.7 18.3

SUPPORT 18.1 15.6
5.4 10.9

COLUMN 95 218 312
TOTAL 30.1 69.9 100.0

RAW Cl-lI SQUARE = 5.67325 WITH 2 DEGREE OF FRFEDOM . SIGNIFICANCE
= .0586

PILOT RANK VERSUS AIR CRAFT DAMAG E

COUNT
ROW PCI MAJOR DESTROY ROW
COL PCT TOTAL
TOT PCT 1 2

1 28 59 87
s , M e v T I I r n  32.2 67.8 27.9
OI~ .) l\ILL LL) 29.8 27.1

9.0 18.9

2 60 146 206
29.1 70.9 68.0

SKILLED 63.8 67.0
19.2 46.8

3 6 13 19
31.6 68.4 6.1

FAMILIAR 6.4 6.0
1.9 4.2

COLUMN 94 218 312
TOTAL 30.1 69.9 100.0

RAW CHI SQUARE = .29189 WITH 2 DEGREE OF FREEDOM. SIGNIFICANCE =

.8642
91
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GSM/SM/78S- 21

PILOT INJURY _ VERSUS TYPE OF MISSiON

COUNT
ROW PCI COMBAT TRAIN SUPPORT ROW

• COL PCI TOTAL
TOT PCT 1 2 3

1 56 48 17 121
46.3 39.7 14.0 41.6

DEATH 49.6 37.2 34.7
19.2 16.5 5.8 -

2 20 22 6 48
41.7 45.8 12.5 16.5

INJURY 17.7 17.1 12.2
6.9 7.6 2.1

3 37 59 26 122
30.3 48.4 21.3 41.9

NONE 32.7 45.7 53.1
12.7 20.3 8.9

COLUMN 113 129 49 291
TOTAL 38.8 44.3 16.8 100.0

RAW CHI SQUARE r 7.71001 WITH 4 DEGREES 01 FREEDOM . SIGNIFICANCE = .1028

PILOT INJURY VERSU S AIRCRA FT DAMA GE

COUNT
ROW PCT DEATH INJURY NONE ROW
COL PCI TOTAL
TOT PCT 1 2 3

1 3 23 68 94
3.2 24.5 72.3 30.1

MAJOR 2.4 48.9 48.6
1.0 7.4 21.8

2 122 24 72 218
56.0 11.0 33.0 69.9

DESTROY 97.6 51.1 51.4
39.1 7.7 23 .1

COLUMN 125 47 149 312
TOTAL 40.1 15.1 44.9 100.0

RAW CHI SQUARE = 76.17352 WITH 2 DEGREES OF FREEDOM. SIGNIFICANCE = .0000 
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CSM/SM/78S- 2 1

PILOT_ INJURY VERSUS PHASE 01 OPERATION

COUNT
ROW PCT TAKEOFF FLIGHT APPROACH LANDING ROW
COL PCI TOTAL
TOT PCT 1 2 3 4

1 16 74 20 15 125
DEATH 12.8 59.2 16.0 12.0 40.1

26 .7 51 .7 60 .6 19 .7
5.1 23.7 5.4 4.8

2 11 19 2 15 47
INJURY 23.4 40.4 4.3 31.9 15.1

• 18.3 13 .3 5.1 19.7
3.5 6.1 .6 4.8

3 33 50 11 46 140
23.6 35.7 7.9 32.9 44.9

NONE 55.0 35.0 33.3 60.5
10.6 16.0 3 .5 14 .7

COLUMN 60 143 33 76 312
• TOTAL 19 .2 45.8 10.6 24.4 100.0

• RAW CHI SQUARE = 32.10682 WITH 6 DEGREES OF FREEDO~’4. SiGNIFICANCE = .0000

PILOT INJURY VERSUS PILOT RANK
COUNT
ROW PCT ROW
COL PCT TOTAL
TOT PCT 1 2 3 4 5 6 7

1 5 26 34 29 24 4 2 124
DEATH 4.0 21 .0 27.4 23.4 19.4 3.2 1.6 40.0

21 .7 41 .3 43 .6 34 .9 54 .5 26.7 50.0
1.6 8.4 11.0 9.4 7.7 1.3 .6

2 6 9 13 9 4 6 0 47
INJURY 12.8 18.1 27.7 19.1 8.5 12.8 0 15.2

26.1 14.3 16.7 10.8 9.1 40.0 0
1.9 2.9 4.2 2.9 1.3 1.9 0

3 12 28 31 45 16 5 2 139
NONE 8.6 20.1 22.3 32.4 11.5 3.6 1.4 44.8

52.2 44.4 39.7 54.2 36.4 33.3 50.0
3.9 9.0 10.0 14.5 5.2 1.6 .6

COLUMN 23 63 78 83 44 1 5 4 310
TOTA L 7.4 20.3 25.2 26.8 14.2 4.8 1.3 100.0

RAW CHI SQUARE = 20.10841 WITH 12 DECREES OF FREEDOM . SIGNIFICANCE = .0651
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GSM/SM/78S- 21

PILOT I NJ U R Y  VERSUS TY~L OF AI RC R AYT

COUN T
ROW PCT DEATH INJURY NONE ROW
COL PCI TO 1AL
TOT PCT 1 2 3

1 2 0 1 3
66.7 0 33.3 1.0

1.6 0 .7
.6 0 .3

2 16 1 4 21
76.2 4.8 19.0 6.8
12.9 2.1 2.9

5.1 .3 1.3

3 57 20 52 129
44.2 15.5 40.3 4 1.5
46.0 42.6 37.1
18.3 6.4 15.7

4 10 4 15 29
34.5 13.8 51.7 9.3
8. 1 8.5 13. 7
3.2 L3 4.8

5 14 2 1~ 31
45.2 6 .5 48.4 10.0
11.3 4.3 10.7
4.5 .6 4.8 ’

6 1 0 0 1
100.0 0 0 .3

.8 0 0

.3 0 0

7 2 2 2 6
33.3 33.3 33.3 1.9
1.6 ~.3 1.4

.6 .6 .6

8 7 9 20 36
19.4 25.0 55.6 11.6

5.6 19.1 14.3
2.3 2 .9 6.4

9 8 5 20 33
24.2 15.2 6~L6 10.6

6.5 10.6 14.3
2 .6 1.6 8.4
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GsM/ SM/7~ S- 2l

PILOT INJURY VERSUS TYPE OF AIRCRAFT
(Co~itinued )

10 4 4 7 15
26.7 26 .7 46.7 4 .8

3.2 8. 5 5.0
1.3 1 .3 2 .3

11 3 0 4 7
42.9 0 47.1 2.3

2.4 0 2.9
1.0 0 1.3

COLUMN 124 47 140 311
TOTAL 39.9 15.1 43.0 100.0

RAW CHI SQUARE 33.43843 WITH 20 DEGREES OF FREEDOM.
SIGNIF ICANCE = .0302
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A PPENDIX I)

Results From Discri ininant Anal ysis

Fa tn i Pilot Nonfaial Pilot Total
Group - Group

No. o Accidcnts 83 96 179

Means

tota l fl ying time 1634 . 9277 1 1291. 63542 1450. 81564
mission 42. 58578 38. 99698 42. 97950
phase 44.40783 37. 77083 40. 84832
rank 42.7624 1 39. 38469 40. 950S9
type 43.12711 4L5 6667 44 . 60866

Standard Deviations

tota l flying 997. 37593 9 18. 06905 968. 28063
mission 14.46347 15.88933 15. 2 9735
phase 14. 90 167 16. 13363 15. 8~~i~~rank 8.370 15 7. 83170 8. 2378 9
type 16.44339 12.33186 14.71347

Classification Function Coefficients

Tota l flying time . 00 199 .00 151
Mission . 10921 .08 169
Phase .10584 .08844
Rank .53 107 .50320
Type .13923 .11885
Constant - 21. 278 -16.619

Centroids of
Groups - .46208 - .39951
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Within Groups Cova ria nec Matrix

Total Ti rnc Mission Phase Rank Type

• Tota l Ti me 913226. 22489

Mission - 1744. 59792 232. 42073

Phase - 2223. 18 522 77. 46895 2-42. 58 108

Rank 776. 96892 17. 77970 16. 29376 65. 37703

Type - 1192. 06324 52. 65706 43. 35614 20. 34624 206. 88515

Tota l Cova ria nce Matrix

Tota l Ti me Mission Phase Rank Type

Tota l Time 937567. 38717

Mission - 997. 44790 249. 56267

Phase - 1640. 90907 9 1. 28917 252. 234 15

Rank 1062. 58 140 24 . 93473 2 1. 80847 67. 86289

Type - 622. 15277 7 1 .424 15 54. 00 139 25. 7735 1 216. 48610

Discriminant Function Coefficients

Standardized Unsta ndardized

Flying Ti me -. 53240 -. 000550

Mission -. 50463 -.03 1944

Phase -.32068 -.020 192

Rank -. 26648 -.032348

Type -. 34808 -. 023658

Constant 5•37545
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