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PREFACE

This eti~irt was conducted by t he Flying Training Division of the Air Force liunian
Resources Laboratory, Williams Air Force Base . Arizona. The research was performed by
the Tactical Research Branch at Luke AFH, Ari,ona. The stud y was completed under
project 1123 , United Stales Air Force Flying Training Development: task 112312,
Tactical Comba t Aircrcw Research and Development; and Work Unit 1123 1204,
Instructional Methods and Media. Mt. William Hopkins and Ms. Sally Rudolph assisted
with data analysis. The authors would like to thank I he personnel of the 311t h Tactical
Fighter Training Squadron for participating in the study as instructors and students.
Special thanks are extended to  Major Robert Iloh (4444th Operations Squadron) for his
sup~xut for the duration of the study. This technical report covers research per formed
between March and May 1978.
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AIR RI i t  Il ING I)IRl (’TOR UGh II’S IRAIN1 R
ANAL \‘SIS AND i \Au ’A IR ) N ot~ IRAININ(; l . h 1 i ( ’ l lv INI ; ss

I. INl’KIJIR’t ’iIt )N

An sntbglit m elumeling capability is pmov it ietl on various amie m at I to C \tt ’ Iitl their ope s at tonal ramige iii

t’ndus amice. In t im tie m I 0 assiSt I iii’ t ecetvt’ I 111101 In miiamml lath t ug  a ci) ii t’c I posit it isi d tiring aim retueling teceiv e t
direct ~‘t lights are pm ovided as a pruimam y visual It’ t~ i enec tin t he uumdcm side o I tilt ’ I ust’lagt ’ ~I’ I lie t aiike i • I f tm ~
st nih us the $1 i si of m o vat iii at iou studies to he com mit net cii on t he A im Re fu el 11mg l)uect ni I mg hi is Ii aImit ’m -

Hit’ ~ ctimid st u~$~ IS t o  he ~otiiLti~ tetl tipe rat tommall y on the 1 3  A by ti me ‘)(,IitfI Aim hot tie Wa m fling aiitl

(‘on Ii of I’m ai ning Squadu on , linke m Al B. Oklaltomima . l’ite t imne sequence hinges on a smut iLi m t ramn em being

hum ill and sIt ippt’d ltl limuke m Al~ Lt \% i’m k out the ii upbeat e I m am micu twgatt ilu tin g Apuil I ~78 ii nit a pm I I I e~ieiI

~ieI ive m date t m i Ij I t’ J nut’ I ‘175

Problem Statement and S ud%’ Rationale

Ace om tlm mig to Ihe I 4 l’liase M ammual (see Appendix A ~ , the ti tuec to r u gh Is on t 1i’ m ati ke m ate m o be used
.1% lilt’ ~ l t h i 1 J l  \ IC t C m t ’ h i t ’ diii lug , t t i  me t ueltmig. 0mm the ~~(

‘ I 3 S ta ukem . the ( ig im t s  am e located bet ni’t~il  tIi~’ nose
Lmi mdmm m g gt’a. .irmtl the m i m i t u m  lamitlimig ge’a m Jilt1 coimsisi it I s~ ti m t iws I hi’ It’ U mow to ; t’ievat 1011 cot ted b u s  a nil
the right most ti’ i It im e .iIIti .slt ii’l m Cit ‘‘its I- igume I tiepie ts t Ime am m ammgt’ m l m e m mt am mtl co lors of ’ time d im eet om hglt is.
N ‘Ic i hi’ di whit’ hams till I lie ~‘em m te l  • ‘I cact i pastel . et im imwomth ret ’ert ed to as (‘apta ins Rams. The ligiuts ate
et in (mt ‘lied uru .tnual lm h~ t he b ‘~uii Ij~~’ 1.11 or II) lilt’ I aitk em pmi t If to con tac wit Ii I he receiver. Al ter  cuimt act

he hoomit pos it ut ’~m .Ini t Imilat ic.iIls ml It im ’ 1111.11 i’s the lights , directing I he rec e ive m I o time ~ ‘mm te r of I hi’ hotlm
t’iivt ’lo ~~’ . ills pt ISI (It ’ ll Is .itl .iint’d ss Itei m lit ii Ii ~t’I s I’ l ~~i’ I ;nns R.tm s am e mllu m im imm ated

It titt iuld be 1101 i’d th at the lights d~ u.n gist’ fl ue hot i /o m it at amid vem tuea i mIt t t l lmm la t  ion - Angulam boomu
m ll tWt’llit ’li ts cause cii ingi ’s tmm the up .aimd dost ii m tist • ‘t lights . ami d t efesco ~iiitg imioveni cii s ot fbi’ hoomim ca list’
changes mm i flit’ tom e -am i d -a l t  lights 10 I - IC- I  St Since flit’ a\ ts  of lime dt iector lights is s m ict i mm e d a m a
3t)-degit ’e angle I,’ mlii ’ t .iitke m I i  si’f ,ti ’ i . ht’t it ost s of lights Intel act whe m i the lCt ’Cl% L’ l m akes a II tie
h u t  iti’imt.i l 01 ye, t~e’.ll miii ’%- t’m imt ’mil - Fom t’~ .wipIe, ii .1 1(1St ’ vcmtical (doss mm ) lim ov e lm me imi ss .is tmmatk , h i t ’ 1100111

si ould cx t ei m i l anti lilt ’ i e,Ise Its .iiig it ’ si it ii liii ’ t .iitkt’ m , giving a comnhuied light intl teal iou to ‘‘go up amid at I

I’iieri’tou c , pilots t itcosmii It ’ ing I lit’ iii reel om lights S) St t’tll must utiil~r~t amid tilt ’ Ili t ci ad (1(111 iii the lights and
the hlt ’ i’ t’%S.I I \ dol it rot tmt~itm Is in 01 t ht ’ m to umse liii ’ sv s it’ Ii i  aulvan I ;tgt’ottsh il l maui tatmmtmm g pm O~1t’I posIt iou -

I’he,e ms ~n mnht’,i’ni pioblemu in tIlt’ thim t ’t’it ’h lights s)stemii whemi a tIghtt ’m a irc mat ’i ms’~m m R’tult ’llmig,
hee~iist’ I lie I igim ts sit’ u t’ om uguumall~ tlesignetl tom luSt’ by b omube us. .’~ii\ pilot it muis t 11151 tIe t crttu mlie si h a  I titi’
light is ai e directing htm im 10 Jo . alit1 t lieu iii ’ lutIst mimakt’ the apprt lpttate I t’spo list’. Ihi’ titt licult w it Ii tight t’ u~
ts that thu.’ r s ptnisi’ Ioi .um ; up~dow mi i’t ’ rrt ’dt it ’ll (It’ll i i iw ot ’ lights) ms pm inmarilv miiailu.’ w it im t h e  t’oli t till stick
which IS tperatt’d w ulhm (lii’ u’ecivt’r 1111111’s right Imamid. The saimit’ cmoss . rclcr em mce us t IUt’ t~’m tIme t litotlle (It’ll
hand) au th time t~’re~ati high Is (right itiw). W hemi .t pilot in tilt’ cock pit of an F-4C ret ’ut’Is lie finds t h e

Ceetyt’ r thu cclii, tights t ti t’imt’ul cii set’ . The~ Jrt’ i-ci v t~m m hlrwart l on tli t’ t :m mi k ci , auitl w it Ii sunlight liii 111mg

theni, the~ iiia~
- he obscured t uou tm view. T he pilot ’s seal posit ion anti visual amigle wake .i sigmm ttie~tnt

• ditie retmee in lime utility ol t h u .’ iugim ts. Eom t’xaut ~pIt’. titiring t lmis slimily se’vt’i~I pilots iiit’fltit’iit’d t Ime tac t that
• looking under tiit’ dammops how restr icted theit field ot view to tilt’ bell ol tiu’ lanke ’,.

Study Objeclives

flit’ putrpost’s of this study we’it’ •ls loihosvs ;

I. Determine wlmt’thrr the pilot students could mccl tilt’ c lutt ’m ton - melcm t ’m meed oh~t’ct uves ((‘ROs)
dt’vt’lopt’ti spt’et f leahly t~r lb us s i uut h v by I hi’ 4444 lb Opet at iomms Squatluoii (Ope l at itinal I’m a 1111 rig

IX’vt’lt ’pmmtt’iii ) at I iikt’ ,~FB usilig the At ; Refueling Director L ights it  aini’i (st’t’ Appendix B). L

F valuat t’ t he i claIms - i’ coiml r ibu I ~t’li ot tlilt’t’ltIl lights I raimiuug I o pilot pci t’ormiianct’

S
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3. Analyze the configuration of the trainer as a prototype for subsequent models.

Background

The imlipe t us for the development of this trainer was an air refueling accident in August 1976 at Luke
AEB and a Training Aid Request dated 13 October 1976 sent to the Tactical Air Command/Instructional
Systems Division (TAC/DOXS) requesting a trainer be built. The trainer was to be based on a Director
Lights Trainer at the 93rd Bomb Wing, Castle AFB, California (see Figure 2). TAC/DOXS in turn directed
that it be processed by the Training Aids Group at Luke AFB. In addition, the request specified an analysis
be conducted to determine the learning objectives for this device. This analysis was to answer the following
questions:

I. Can the trainin g be accomplished with a more economical medium than this device?

2. Is the training equality currently available with other media (i.e. flight simulator)?

3. What functions must this device teach?

Because of the training aspects involved in answering these questions , Training Aids worked closely
wit h the F.4 Operations Training Development (OTD) team to validate the device,

( The first model of the trainer (Phase I m odel) was developed with two small models of the F.4
aircraft attached to the end of booms which were moved in response to the director lights (see Figure 3).
These aircraft models had hand grips underneath them for the pilot students to move the aircraft in
response to the director lights. An OlD team from 4444th Operations Squadron tested the trainer at the
426th Tactical Fighter Training Squadron (TFTS) at Luke AFB with instructor pilots (IPs), and the results
were negative. The psychomotor responses required by the pilots were not realistic and probably would not
result in transfe r of learning to the aircraft . The IPs indicated that the trainer , in that configuration, would
cause negative trainin g e ffects for the pilot students. Therefore, Training Aids redesigned the trainer into
the hardware configuration used for this study. In March 1978, the 4444th Operations Squadron requested
assistance in an evaluation of this trainer from the Tactical Research Branch of the Air Force Human
Resources Laboratory/Flying Training Division (AFHRL/FT).

II. METHOD

The research design, including objectives and approach , was developed specifically as a candidate
- training program incorporating the functions the device would teach. -

Preliminary Evaluation
A preliminary evaluation of the Director Lights Trainer was accomplished utilizing expert opinions of

several IFs from the 311th and 426th TFTS . This preliminary evaluation was to insure that the hardware
con figuration was adequate to meet the instructional objectives. The responses from the IPs indicated that
the trainer design was functionally correct and would not produce negative training effects , Therefore , it
was considered appropriate to proceed with the evaluation study.

Participants
A class of 2 1 pilot students entering the air refueling phase of F-4 training with the 311th TFTS

participated in this study. There were II pilots selected for the Experimental Group and 10 pilots for the
Contro l Group. The two groups were matched as evenly as possible based on performance rat ings by
squadron IPs and the students progress to date,

Instructors

All instruction on the Director Lights Trainer was given by one IP from the 4444th Operations
Squadron. Instruction in ti me aircraft was give n by the regular IPs from the 3 11th 

TFTS.7
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Apparatus

The F4C aircraf t  antI the Aim Refueling l) ircct ot I.mgi t ts Ira itme r w et e used im i this s t u d y .  I’hit’ t ua t t t t ’ t  —

was a ta blet op iiiuutlel amid was located in t h e  58 t h Tact meal ‘ r rai mu imtg Sthuuat l rnmi I ea r lt im lg Cemtte m sv lle me Am W a s

placed in omme ut t he lear imim ig carrels. The following t lescript ion of the t r a m m ier brie f ly dehi micates liii Ise
capabilities used in this experi mnem il (see Figure 4).

J’sgzire 4. Air refueling director lights trainer, Phase II Model.

Stick and throttle controls were mimouuited side by side at the front of the trainer f~ur hot Ii liii’ I P amid
the student posiliomis (see Figure 5). The director lights were mno Lmnted overh ead at both posit iomis , at a

‘)O-degree angle to the hack of ’ t i me f raimier and para llel to the base of ’ t Ime ctu m if ohs (see Figure 
~~). 

‘Ihe
working level on whi icti u he con I ro l s were muoumi ted was 800 mill i mete rs f’romn t Im e floor. Two Strai ghit hack i’d
cha irs, which had a seat heighf of ’ 425 nmilh imi ieter s , were used for this sfudy hut were mint standa rt l et luipuielit
for t Ime trainer, Time lights replicated those found on the K(’. 135 tanker (see Figure Ii.

On t he frori t panel of t ime trainer , a h reak away hut t omi perm imif fed fl ue I P to flash all of ’ I he hi gh i ts to
indicate “Breakaway.” Also , two switc h es were on tim e front pamiel , 0mm’ for minimal uuodc and one tot tes t

mode (see Figure 7). TIme mmormiia l muode allowed t ite IP to make coimtrol inputs whicit miwed both sets ot
director lights. The student could t im cmi mima ke comm t m imi puts whu icli correct i’d I lie lights to a neumf ral ~0Sl 1k ‘mi
Wh en ami I P uuscil test mode, lie changed time secomid swif cli from NORM to A tJTO. Tim is iii I rod utci’d
a ul omnat it’ cych ins in to flit’ I ighi Is. A rheosf at im m time hack of ’ time tra iner cou ld he utsed to adj ust liii’ t a t e  f i t  t mm
slow to fast slow Ieing 40 secon ds for a comuphefe cycle amid l ist heimig It) secom mds t om a coiti phete cy cle

omif t ’  r h u m  it liglm I It) out CI Ii tmm it I ighi I), Thu.’ rate utsetl iii t Im is st tidy was It) see’ lii ds pt ’ m C) tie ( ~~ 
I: igu m me S ) -
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Perfornman~~ Measurement
Wit hin the context of ’ t his study, perlorm imance measures were employed nut only to assess student

progress but also to evaluate time effectiveness of (lie device. Time essential consideration was whether the
device aided the pilots lim ummaking correct control inpu ts as required by t ime director lights. For any
perforimiance mneasuremiment system to he useful, it umm ust he bot h diagnostic and prescriptive . Time m easures
avai lable at present do not necessarily possess these cimarac heristics . Further ummore , imuarm y measure s t hat
describe the student behaviors do so in a rather general manner.

Thc ~yste nm developed l’or this study had some specific characteristics that were both descriptive and
prescriptive. Time system (I) ui’,casurc d pilot behaviors (control inputs), (2) Was three’dinmensional,
accoun ting for not only m agnitude and direction, but also t iming , (3) Described these behaviors in a binary
system (correct-incorrect) , and (4) Was easy to usc and understand by bot h IP and student ,

During the timed trials, grades were recorded by the IP on a special grade slip developed specifically
for this study (see Figure 10), The same grading procedures were used by t ime IPs during eacim air refueling
mission in time aircraft for both time Control and the Experimental Groups. The normal syllabus grades were
also recorded for each air refueling nmission in the aircraft . Oumly some of the normal air refueling grades
were considered to be adequate measures of the dependent variable; therefore , this study considered only
the grades given for mission elements 4 through 8 on the normal grade slmeet (see Figure II),

Instructions: A grade should he recorded for each trial by DlaCirfq
a checkrnark (v~ in the appropriate blocks. A trial begins at pre-
contact position for any attempt at air refueling :

CONTROL INPUTS 
_______ 

REMARKS:
TRIAL
NO. )IRECTION MAGNITUDE TIMING

CORRECT

TOO NOT -
MUCH ENOUGH

INCORRECT —

Figure JO. Ex~~~t of spedal grade slip.
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Questionnaire Data

The Experim ental Group was queried about the training objectives and hardware configuration of time
trainer after the 1-h our block of instruction and again after all air refueling missions were flown in the
aircra ft, The Control Group was asked the samime questions after they received instruction on time t raimm er ,
which was given following all aircraft nmissions. All pilot students were asked questions about tImeir use of
t ime lights and their air refueling tech niques (e,g,, changing seat position and looking over or under can o py
bow) after m ission No. 4 (last day aim re fueling) and ummission No. 6 (last nigh t  air refueling). For eac h
ummission t he lPs completed a que~tionnaii-e concerning time amount of commentary th ey gave the students,
Th ey were also queried about time difficulty students had with stick and timr otl le corrections.

Analysis

Usiimg t ime Univac Stat-Pack (1973), a clii square test for indepeimdeumce was perforummed oum all grades
previous to air refueling for each pilot student , to veri fy that the groups were equally matched before
starting t he air refueling phase of training. 1mm deterummining the effectiveness of transfe r of trainin g , time usual
hypothesis is that the experimentally trained group should exhibit a imigher initial” skill level when die
aircraft phase of training is begun (Poimlmann & Reed, 1978). This is a particularly reasonable assumm mptioum
when the experiummental trai iming is ‘ bIucked” prior to aircra ft training rather than interspersed wit h time
aircraft training. Time ciii square test was employed to test for this e ffect , Time data collected from the
special grade sh eets for each air refueling niission as well as time data froimi time normal grade slips were
analyzed as to time number of correct and incorrect control input responses made by eac lm stude umt. Ammother
analysis using clii square was performed to determine whet imer learning occurred j im the aircral ’t. Time student
grades oum all SIX rides in t Ime air refueling (AR) phase were analyzed.

I

lit. RFSULTS

Group Equality
- ;  The groups were verified as being equal before tIme AR ph ase began. Time frequency distrihutitnms oh’ all

previous scores are retlected in Table I . Using a ciii square test , t lmis study could fluid umo significant
d if ’feremm ce between the scores recorded for time two groups of stude u mf s pri or to time tr aimmiumg on time Director
Lights Trainer. Timus . it was ass tmm mmed t lmat time groups were properly umm atcimed.

Table I. Frequency Distribution

E*p.rim.nta m Group 
— 

Control Group
Grade Frequency Grade Frequency

Grades Prior to AR Phase
o I 0 Sj I 95 I 94
2 l7~

) 2 169
3 9 3 4
4 0 4 0

Scores Prior to AR Phase
Exp.rIm.nt aI Group Control Group

Grads Score Grad. Score

o 0 0 0
I t)~ f 94
2 358 2 338
3 27 3 12

I i  L
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Questionnaire Data

The opeuii~ndetl quest ionnaires were naturally not aimmenable to qualilitative analysis hut did provide
valuable insights into attitudes amid opinions about time t)irector Lights Traimmer , Both time Experimnental amid
(‘oumtrol Groups responded that time L)irector Lights  Trainer dId assist thme umi in understanding the t’unct ion of
time lights and m aking the correct commt roi iumputs (8l”4) . The Experinmentah Group responded ummaumimmiously
t h a t  iso miegat ive traiu i ium g had to he overcomime in the aircrah’t as a result of ’ t ime trainer. According to the II’
questit imimiatucs, t ime (‘ontrul Group needed inure IP ctmmimn meumta ry to immak e and ummaintalu m contact with the
ta mi ker amid also had Inure diffIculty with stick and t h rott le correct itsums thaui did time Experimental Group.

Aircraft Data

0mm AR-I (air ret ’ueling nmission No. I), t h e  Comitro l Group mmiade timore control iumput ermurs thaim did
lime Experimmmeimtal (;rouI’) (see Table 2). Time Control Group iumade more incorrect respo nses thaum th ey imiade
correct respo nses. The Fxperinieumtal Grtnip mmmade twice as mimaumy correct responses as iumco rrect responses,

lsimmg a chii square test , t hese results were sigimitleant at time .06 level on time first ride itm tIme airc raf ’t using the
special grade sheets. Using the regular grades giveum to time pilot st udeu mts under the uiormmmal syllabus, the
Experimental Group perh’ormmied signitlcaumtly better than did the Control Group for AR~ I (p < .01). This
seemims to indicate that the Air Ret’uehiuig Director Lights Trainer did, in fact , couurihutc to the perforumma nce
of the Fxperimnetmta l Group in the aircraft . Table 3 depicts the frequeimey distribution of’ t ime umorumm al grades
given to time pilots thmrtsugh mout the Air Ret’ue ling Phase.

Its test h’ur learniuig duriumg air rct ’uehing ummiss iomis ui time aircraft , t ime ciii square test was agalum utihlied.
f lit’ mesults oh’ t h ese amialyses showed that time Exper luimental Group hiatt aim increase iii grades hetweeui AR.I

au th AR.6 w hich was significant at time 03 level. The Control Group showed aim increase j im grades hctweemm
AR-h amid AR.ts wh ich was sigumifIcamit at the ,Ot level, This imicrease in grade level caum be assuimmed to have
occurred because of ’ learuiiimg in t ime ai rc rat ’t.

1

Table’ 2. Control Input Responses During Air Refueling

-: EaDer$mental Group Control Group —

Miss ion Correct % inco rrect % Correct % Incorrect %

AR . ! 23 70 hO 3() 14 47 lb 53
4 AR- 1 22 7~ 8 ‘) I 26 7o) 7 ~AR.3 1$ $5 5 15 24 80 6 20

AR-4 It) 8$ 4 Il IS 83 S 17
AR-S 2~ 88 4 I l  27 ~0 3 It)
AR-b 30 ~ 3 9 17 ~0 3 10

I
t

L 
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Iah lt ’ 3. Frequency L)istributioui of
Norumal Syflabus Grades

Items 4 8 (Se e Figume Ill

E~ p.r4 m.ntai Group Contr oi Group
Mission Score Frequency Score Frequency

A R-h 0 2 0 6
I Il I 26
2 41 2 33
3 S 3 1)
4 t) 4 0

AK~2 0 0 0 0
- ‘ I S I

2 33 2 34 I -
~

$ 23 3 Il
-
, 

4 0 4 0
AR-3 0 0 0 2

1 2 I 3

.2 30 1 It)
3 23 3 21
4 0 4 0

AR.4 0 0 0 0
I S I 2
I Il 2 38
3 25 3 10

- ,  4 4 4 0
AR-S 0 0 0 0

2 1 5
2 26 2 25
3 27 3 20
4 0 4 0

AR-b 0 I () 0
1 2 I 0
2 29 2 II
3 28 3 38
4 0 4 0

IV. L)1S(’USSION

The research performed in this study addressed the three questiutis contained in flit’ request for time
tra iner:

• I. Can the training be accom plished with a more ecoumounical mediummi thisum Oils device? ‘1

.2. is the training equality currently available with other media (i.e,, figh t  simulator’)?

3. What functions must this device teach?

l’he first question concerns economy, and the answer is that the cost oh’ time Air Refueling Director
LAgJits Trainer is minimal. BriehIngs tn a film, such as I he otie showmm It) the pilot students duritmg their air
refueling phase briefing (see Appendix Dl. would tiot provide training iii the required psychommmoltmr
responses.

To answer the second question requires that all simulators now in the invemitory he assessed. Tactical
Air Command does not , at present. have a fighter simulator progranimed with visual detail to IrSiti iii th is —

I’)

~ A
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area, specifically w ithm reference to time direct or lights. h-lowever , the E~3A simulator at Tinker AEB (Tactical
Air (‘omnnmand) dues h ave th is capability, amid the Strategic Air Command is scheduled to receive a B.52 air
refueling part-task trainer imm late 1978 at Castle AFB(SAC Plan A/F37A-T77). A study was also conducted
at A FIIRL/FT (Air Force Systemmms Coummnmand) during February 1978 using the Advanced Simulator f’or

Pilot Trainiuig to evaluate the visual requ ireuum emmt s t’or tra ining air refueling in future devices (Woodruff ,
Longridge. Irish , & Je ft’ries , 1971)).

The third question iumi t iate d the analysis of this trainer , The device , as it was configured for time study
at Luke AFB, was riot Jesigneil to teacim pilot studen ts to air refuel. 1t~ only purpose was to train
recognition and response to time stimulus oh’ t ime director lights with transfer of training to time aircrat ’t.
Wh ether it accomplished this goal was a question this study attempted to answer. Based on the results of
this study, training on t ime Air Ret’uelimig Director Lights Trainer can he accounplishied in the I-hour block of
t ime allocated. Time numiiber of trials nmadc by each student on the trainer appears at Table 4. It must be
restate d that t ue  Control Group received this training after all air refueling m issions in the aircraft were

flowum and tIme data for time study had beeui collected.

Table 4. Number of Trials in Director Lights Trainer

Experimental Group
Trials I 2 3 4
Number of —
Students 7 3 0 I

64% of time students accomplished training (met CR0)
in one trial. 91% accomplished training in two trials.

Control Group

- ‘ 
Trials 1 - 2  3 4
Number of

4 Students 2 7 1 0

Only 2~~ - of t he students accomp lished training in
one trial. 90% accomplished training in two trials.

Some recommendations for the trainer were suggested by the pilot st udents and dealt with the
position and feel of the stick and throttle. They indicated the throttle should be moved, perhaps lower or
on the side since the controls were quite close together. They also suggested that the centering spring be
removed from the throttle since the throttle in the aircraft does not return to neutral. Several students also
indicated that the feel of the controls was different from those in the aircraft.

The “automatic” feature of the trainer continued to complete a cycle after it was interrupted by a
throttle or stick input by the I P. This resulted in an unsatisfactory training situation because students
become aw are very quickly that they could anticipate the appropriate response. Several times, the IP
requested the students to allow the lights to go out ol’ phase so that the students were then making control
responses in different directions.

The trainer was built 1075 millimeters wide, but the seating position and controls location caused
both the lP and the student to need a 57S-mniliime er wide space each in which to work. The trainer should
be reconfigured to allow at least a 1500-millimeter working area if the student and IP are to be seated side
by side.

The original nomenclature of the device was Refueler Trainer, and the lP who instructed out the
trainer had to explain to each student that it was not designed to teach air refueling. A recommendation of
this study is that the name be changed to Air Refuetin~ Director Lights Trainer.

The pilots in both groups were queu ed as to whether a sound-slide presentation would be beneficial 
*

as an adjunct to the Director Lights Trainer, and 80% responded affirmatively,

20
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Another recommendation deals with the director lights on the tanker itseif. The configuration of the
lights on the KC.135 tanker is different from that of the KC.97; howeve r, neit her system allows for any
flexibility as to type of receiver. One of time considerations brought out in this study was the cross-reference
required for eye4iand coordination in fighter-type aircraft . Also, the location of the lights on the taumker
fuselage was not consistent with fIeld.of-view considerations for some receivers. With the advent of future
tanker and receiver aircraft , designers should take a closer look at the compatibility of these systems,
Suggested alternatives to the current configuration mig ht be (a) a flexible “computer scoreboard” type of
system that would be adaptable to the specific receive r requirements. (b) relocation of the lights, or (c)
multiple locations for various receivers.

V . PERSPECTIV E (

The study was performed to meet three objectives dealing with the role and effects of simulation
when applied to training the acquisition of air refueling director lights response skills in an initial air
refueling training environment, Further , the study was conducted in a manner that was realistic from an
operational viewpoint.

In evaluating the usefulness of any device, it cannot be separated from the training program. The
cognitive pretraining given in this study, along with the perceptual-motor skills practiced , served to establish
a perceptual framework prior to entering the aircraft for the first air refueling mission. This training may
have produced a schema or expectation condition within the pilots that allowed for discrimination of the
incoming data, thus reducing the information processing load for any given task (Crosby, 1977). Although
the effects of this training were not evident on the second aircraft sortie with current measures, this schema
may actually contribute to a “whohistic” understanding (Klein, l?77), allowing more attention to the total
requirements of air refueling.

Thus, training programs and media, such as this device, may have value not merely in terms of
training procedural tasks, but in having a general effect on the overall proficiency for the more complex
flying skills.

4

- 

21



- —-- — ,—~~~~~
---

~~ 

~
— — ---- - --

~

-- - i, iTi_: 
‘,*

~~~~

— — ,

~~~~~

—,-

~ 

,‘

~~

- -- -- —- -

~~

- - - - ~
—:,--

~~~ :— *~~~ 
~~~
‘

RE F ERFN(’ES

Caru, P.W , Some J~t ’tor snJhwn(vsg Air !‘c ’ree simulator (raining (‘Jj ( ’etiveness. hIuummRRO-TR-77-2. Boiling
AFB, D.C.: Air Force OftI~e of Scientific Research, Air Force Systems Com mand, March 1q77 .

Crosby. J.V. ( u~nitive prt ’i ’raini~g.- .4,, aid in the transition ,fr m im instrument to ( ‘r;m,k) Si re’ flying.
AFhIRL-TR.77-t~2 . AD-A048 816. Williams AFB. AZ: Hying Traiuming Divisioum, Air Force hluummami
Resources Laboratory , Octobe r I 977.

Eddowes, E.E. l’vvt ’i’edings oJ’ the simulator tij t ’e’tivc ’nt ’S.N research planning PPJ t ’t’tillg. AFhIRL-TR-77~72 .
AI~AO~2 t~2 .  William s AFB. Al - Flying Traimmimig I)ivision. Air Force hlmauman Resources Laboratouy.
Ueccummbe r l~ 77,

Klein, G.A. Phe’nt ’mc ’nologitu! approach to training. AFIIRL-TR-77-4 2 . AD-A043 920. Wright.Patte rsoim
AFB. o h .  Advammced Syst eum ms Divisioum , Air Force llunman Resources Laboratory , August I~ 77.

Pohlmanmi, L.D,, & Reed. J.C. .4 j r-to ~air Cu ’PPI bOt skills : (‘ontribution of platform motion to initial (raitung-
AFHRL.TR-78.53, AI~N~b2 738. Wilhiamus AFB. AZ: Flying TraUmi umg Divisioum , Air Force hiumnai m
Rest~umces Lahoratoty. October I’)78.

tiumited Statc ~ Air Force , !“—R F4 flight t ’re’mm’ air re’Jiu’ling procedure’s wit h k(’-’) 7!. and k( ’-135 . Teelmumu cal
Order I.IC-1 $. Washiimgttmn . DC: Departn-meumt oh’ Defense . July 1972.

United States Air Force, Strategic Air (‘omnmaimd. Initial operational test and evaluation test plan
.4- ’b~ 7.4- T77 (a~52 (; ; . Air Refueliumg Part Task Trainer. OfTutt AFB . NB: hlead quartem’s SAC . April
1978.

L’ nivac Large Scale Sys tc mus Stat .h’ack. New York: Spe rry Rand (‘orporat ioum . I~ 73,

Woodruff , R.R., Longridge, T.M,, Jr., Irish. P.A.. & Jeifries, R.T. Pilot lk ’dOrtflane ’ in simulated ae’nal
refueling us a Junctn ‘n , ‘f tanker pm dcl ct ’in; ’lc ’xitv an~l visual j tt ’lcl Of m ’iemm ’ . AFHRL~TR~7S-’~$,
Wihliauims AFB. Al: Flying Traitm iimg Divisioum, Air Force hlurmmaum Resources Laborattmrv , May t~ 7°,

BrnLIO( ;RAPIIV

Boocock , S.S. Simidation games in learning, Cahit’ormmia ’. Sage Publications. I%8.
Gagne, R.M.. & Brigga, L.J. Principles of instructional design. New York : Ilolt . Rinehart amid Whmstoum . lime..

1974, —

McLeod, J. SimuJatio ’u. New York: McCraw~h1ilh Book Couumpanv. 1968 .
Morgan, CT., Cook, i.E., III , (‘hapanis, A.. & Lund . M.W . liutnan engineering guide’ to e’qUipm e’nt design.

New Yor k: Mc( raw-hhl( Book CompanY , 1963.
Sknker, K. Part-fink traine’r f~j r the’ I”-JO&4 .11.4 -1 radar/infrared firm ’ cm mtro l s; ’stetn: Design , spe’c: tsca (ion .

a” .! operation. AFHRL-TR-77.52, AD-A048 810. W rigimt-Pattersomm AFB. 011: Advanced System
Division. Air Force hluumnan Resources Laboratory , Septeumbe r 1977.

Spai~enberg, R.W . ()ri’rv,e’W t ’~ pne~1sated n) u~ ( ’ware’ in learning centers. AFiIRL~TR.76-3 7. AD.A033 304.
Lo~ r~ AFB , (‘0: Technical Training Division. Air Force hiunman Resources Laboratory, Jumw 1976.

Spangenberg, R.W., & Snmith. E.A. h andbook f~;r th ’ design and imple’mt ’ntation ~1’ .4ir F~’oree ’ le’anuiitg
center (‘ro~rams, AFhIRL-TR.75-69 . AD.A02$ 623. Low r’~ AFB. CO: Technical Training Division.
Air Force hlum mmau m Resources Lahorator’% - , Deceumiber 1975.

Stelmadm, G.E. ,t& ’tor evnt~ ’l issues and trends. New York : Academic Press, I ~76.
Tocher, K. The art of simulation, Princeton: Vaim Nostramid . 1Q6 3,

.
~~~~~



-~~~~ ~~~- . -
- . - - - 

~~~~~

—

~~~

-

APPENDIX A: AIR REFUELING , Excerpt from F4 Phase Manual F4000B/C/X/l

Local Specil Instructions
I. Aire rew members will be familiar with TO l-lC-l-8 and TACR 5S4 (Chaps 3 and 8).
2. Minimum in-flight visibility for tanker rendezvous with student crews is two miles (Phase manual).
3. When using the alternate anchor refueling procedures (i.e., no CRC or GCI radar avaJ~ble tocontrol refueling operations), additional receiver flights will not depart the ARIP until the previous receiverflight has departed the anchor pattern and the tanker is back in orbit at the anchor point (TO l.lC-l.8).
4. The precontact checklist will be completed in the observation position or prior to reaching I NM intrail (TO l.IC-l.8).

S. Pressure refueling is prohibited unless requi red to safely recover the aircraft (Chap 8).
6. See the GA , GAT . or GAN Local Special Instructions for applicable information on post-refuelingtraining.

7. Air refueling will not be attempted by students if the tanker director lights are inoperative. Tankerdirector lights are the priunary reference during re fueling operations,

8. In the F4000B course, pilots will fly with the same IP on AR 1-2 insofar as scheduling flexibilitywill permit.

Supersedes 20 Sep 76
OPR: DOTA
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APPl~’NDIX B: CRITERION REFERENCED OBJECTIVES

From unemory , list the azimuth , elevatioum , and extens ion limits of the KC-135 air refueling
boom/probe lAW the Air Refueling Phase Manual.

2. Using a diagram of t h e  KC-l35 air refueling director lights, describe cacti light’s operation and
function during air refueling lAW the Aim Refueling Phase Manual.

3. From memory , list six methods of disconnect from the KC-135 air refueling booium lAW the Air
Refueling Phase Manual,

4. Using t he Air Refueling Director Lights Trainer in the automatic mode, renmain w ithin time boom
envelope (less th an three seconds with any red outer limit light displayed) for a period of five uninutes.
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APPI~NDIX C’ AIR REFUE LING , Excerpt from TA(’ Sy llabus Course No. F4000B

Special Instructions
I. Air Refueling 14 will be flown in conjunction with any illissiomm after the KIM phase .

a. The more restrictive crew line.up shown for eaclm missioum will apply.
b. AR 1-3 must be accomplished prior to flying AR 5.6 .

c. The air refueling training continuity must be closely monitored by supervisors.
d. A separate air refueling and the respective ummission grade slip will he acconiphislued.

2. TR.13 must be flown prior to CAN-i and AR-S .
3. CAN special iumstruct ions apply to AR 5/6.

4. Air refueling will not be conducted with both the receiver pilot and boom operator in studentstatus. The flight leader will coordinate with the tanker crew to assure compliamice prior to a.iy aircraftassuming the pre.contact position.

5. Including CAN I , a minimum of two night weapons delivery sorties are required, Omie additionalCAN sortie must be flown if circuunstances prevent weapons delivery on both AR S and 6.
AR-I Aircra ft : 4 Time: 1,0

-2 Crew: lP/WSO; Pu P; P/IP; PuP

Tanker rendezvous, hook-up, refuel, disconnect , observation
position and reform. Proceed with applicable mission.

AR.3 Aircraft : 4 Tiune: 1.0
.4 Crew: lP/WSO; P/WSO; P/ IP; PIWSO

— Tanker rendezvous , hook-up, refuel , disconnect, observa tion
position and reform. Proceed with applicable nmission.

AR-S Aircraft : 4 Tinier 2 .4(Niglmt)
- -

~ Crew: iP/X; P1W; P/W; P/lP Config: D.l I/ I IA
D-lO

Tanker rendezvous, hook-up, refuel, disconnect , observation
position, and reform. Separate into two elements and proceed to
separate range/range periods. 30-degree and low angle/low drag
bomb with flares, 30-degree and low angle/low drag bomb with

• ground marking devices, flare delivery , instrument recovery.
AR-6 Aircraft : 4 Tinier 2 .4(Nigjn)

Crew: IP/X; P/WSO; P1W; P/WSO Config: D-l I/ I IA
D-l0

Tanker rendezvous, hook-up, refuel, discc - .-mnect , observation
position, and reform. Separate into two elements and proceed toseparate range/range periods. 3O-degree and low angle/low drag
bomb with flares, 30-degree and low angle/low drag bomb with
ground marking devices, flare dehivemy, instrument recovery.
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APPENDIX D: AIR REFUELING , Excerpt from TAC Briefing Guide Course No. F4000B

Special Instructions
I. Three rules basic to all emergencylabnormal conditions should be thoroughly understood and

applied by the pilot:

a. Maintain aircraft control

b. Analyze time situation and take the proper action

c. Land as the emergency dictates

2 . Aircrews mmmust be fully aware of the requirements for sufficient crew rest as defined in AFR t,0-l .
and the consequences when crew rest requirements are violated.

3. In accordance with SACR 55-52/TACR 55-7, air refueling will not be conduc ted with both the
receiver pilot and boom operator in student status. The flight leader will coordinate with the tanker crew to
assure compliance prior to any aircraft assuming tIme precontact position.

4. Each sortie requires a nminimum of one wet hook-up and as many dry hmook-ups as tanker time
allows.

Specific Mission Briefing Guide (AR)

I. SPECIAL INSTRUCTIONS/RESTRICTIONS (Briefing Guide and Syllabus)
- - 

2. AIR REFUELING DATA (CARD)

3. REFUELING TRACK

a.

b. ARCP

c. Altitude

d. Airspeed

e. Call sign (tanker/GCI)

4. RENDEZVOUS PROCEDURES

a. VFR/ IFR

b. Radar join-up

c. Navigalion/rcccptacle lights

d. Radio calls

e . Foruuiation

I. ho t  aru ,mauncnt ~-hicc ks

g. Join-tip, observation position
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h. Refueling checklis t

i. Rendezvous overrun

5. REFUELING

a. Precontact

b. Radio calls

c. Aircraft lighting (receiver/tanker)

• d. Techniques (afterburner)

e. Boom limits

- - (I) 25 degrees — 40 degrees down

(2) hO degrees left or right

(3) 6— 18 ’ ext ension

f. Planned offload (log in AFTO 781)

g. Disconnect (primary/secondary)

h. Wake turbulence considerations.

6. EMERGENCY PROCEDURES

a. Refuel valve malfunctions

h. Damaged receptacle

c. Reverse transfer

d. Breakaway

e. Tension disconnect

1. Radio silence procedures (visual signals)

g. Abort point/base

7. OFF -TANKER REJOIN

Refer to Special Instruct ions amid Specific Mission Briefing Guides for post-tanker training
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