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NOTICHE
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responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated, fumished, or in any way supplied
the said drawings, specifications, or other data is not to be regarded by
implication or otherwise, as in any manner licensing the holder or any
other person o1 corporation, or conveying any rights or permission to
manutacture, use, or sell any patented invention that may in any way
be related thereto.

This final report was submutted by Flying Training Division. Air Force
Humuan Resources Laboratory, Williams Air Force Base, Adzona 85224,
under project 1123, with HQ Air Force Human Resources Laboratory
(AFSC), Brooks Air Force Base, Texas 78235, Dr. Witham H. Nelson
(FTO) was the Principal Investigator for the Laboratory.

This report has been reviewed by the Intormation Ottice (Q1) aud is
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SIMULATOR TRAINING EFFECTIVENESS AS A FUNCTION OF ERROR COUNTS
ONTHE F-15A FLIGHT SIMULATOR INSTRUCTOR OPERATOR STATION

L INTRODUCTION

Background and Purpose

Flight sunulation is not a recent innovation in pilot training. Dotsey (1976) reported that simulators,
or trainers, have been availuble Tor years tor such diverse mechanisms as ships, trains, automobiles, orbiting
vehicles, advanced radar. and airplanes. Howevey, the evolution of thght simulation fiom the complex.
mechanical devices of World War 1 vintage, to the digital comput “-penerated simulated tactics and targets
of today, iz impressive.

At Force use of flight simulators is increasing. Vanious factors such as improved simulatot
technology. incicased costs of operating aircrali. fuel costs and scarcity, environmental eftects of aticraf
operations, and safety reasons are causing the Air Foree to increasingly depend upon simuator naining 1o
help Keep pessonnel combat ready (Cato, 19774). Simulator use is expected to increase and. as a function
of increased tramning capability, provide hetter training.

With increased simulator use requirements, effective design and implementation of simulator training
prograrts must be considered. Simulator training managers tend w asswme that sinsulators are always
optimally designed and used (Caro, 1977b). However, extensive use does not insure efficient training. In
one study. for exampic, it was found that the extensive use of a particular device added cost. but no
training value, to an already expensive pilot training program (Isley. Caro. & Jolley 1968) This tinding was
Brgely attributed to the less-thanoptimal design of that particalar device (Caro. 1970}, There are few
studies which evaluate simulator training in quantitative terms. Most are based upon subjective opinion
rathe: than objective data, Buiger and Brnictson (1976) reported that systematic, contralled studies with
stmulators may intertere with operational training scheduoles. and cognizant personnel may lack the time
and resources necesswy to conduct such investgations. In addiuon., quantitative and  measurable
performance criteria have not vet been established. So the simulator researcher is faced with the ditticulty
of implementing a classical experimental design within an operational setting.

Charles, Willard, and Healey (1975) revealed that Tack of eftective traming existed for instrictor
pitots (IPs) und simulator operatars (80s) 0 both simubator operation and utibization, and in “how to
insttuct.” Theretore, simulator training was not well employed, standardized, or in general. appreciated by
il's. The role of the IP was found to vary within the system in terms of crew size and pilot task, with the
tole of the SO depending on the establishment ot the 1P role. In addition . the proliferation of displays and
controls on the instiuctot/operator station (108) may be detrimental to effective training

Muchler, Nygaard, O'Kelly . and Williams (1959) repoited that nany studies compound the impact of
such potential influences as training program content, instructional technique, and instructor qualification
mto g single independent variable. Realized benetits, then, can be attributed only to the umgne
cambination of those intluences. Generalizations, however, must be cautious since these studies are seldum
replicated and may address unique traming requircments.

Some tactors which may influeace simudator traimng effectiveness include visual fidelity . motion
tdelity. trainee and instiuctor characteristics. attitudes and expectations. among others. Simulator
namagers must fclude these factors in the overall evaluation of simulator training. Unawameness of such
influences may result in inadequate developatent of critical shills, unnecessary use of aircraft. excessive
traimng costs, and inefficient simudator taining. Fftective simulator training is eritical if the Air Foree is o
comply with the Departiment of Defense goal ot sipmticant reduction in aneraft use for tlight naimng by
1981 while sull maintaining the present guality of that tiaining (U8, Government Printing Office, Note 1)
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The F-1SA tlight simulator (1S), designed and manutoctured by Goodyear Acrospace Corporation
(Note 2), represents a new generation of advanced digital and simulation engineering technology. This
stmulator accurately depicts the operational performance chargeteristics of the F-1SA airereft and ereates a
controlled. tactical environment where the student can learn to use the F-15A weapons system.

In a recent Operational Test and Evaluation (OT&E) of *he F-15A FS Instructor Operator Staiion
(108), several training deficiencies were noted. The purpose of the OT&E was to consolidate tindings of
tesiing and operational use and initiate moditications to make the F-15 FS more effective and efficient. As
part of the cvaluation, the Air Force Human Resources Labhoratory (AFHRL) sponsored a Human Factors
Test and Evaluatton (HFT&Y) of the IF-15A FS 108,

The IOS represents the man-machine interface for the F-1SA simulator. The cathode ray tubes
(CRTs) of the 10§ present radar information, heads-up display (HUD) information, and a thieedimensional
view of the tactical environment including the F-15A und adversaries. This three-dunensional view of the
cmitter targets (ETs) environment is a complex display controlled by the right-hand console control board.
The di.play subpanel is used in conjunction with the keyboard to call up selected display pages and to
coatrol matfunctions and intercept display content. The tactics subpanel is also used with the keyboard to
positicn the FS and to sclect, activate, and control ETs. This interaction is very complex and requires
muitiple button-selection seyuencing. Baer and Sanders (1977) found that an average of 22 button pushes
were needed to select u rzdiating target, enter a beaving and range, adtivate, and take manuoal control, To
reinitiate the mission, an average of 19 button pushes were required. The HET&E team compared their
findings with the problems discussed in the interim 10S report (Baer, 1977). Both studies (Bacr, 1977,
Crites, 1977) reported excessive button pushing and consequential errors on the tacuies board (right control
panel). The HFT&L also revealea that IP training was insufticient, resulting in tvial and envor learning at the
I0S. Frustrated IPs would often opt ta tat« manual control of the girborne FTs rather thau set up the more
difficult preprogrammed typical missions. Taining appeared to suffer waen the 10S automatic capabilities
were not used. As a result, T.A\C has asked the F-15A Operations Training Development Team (OTD) o
develop a simulator operator’. handbook geaved for the line pilotfinstructor. This handbook will address
il pifot interface with the SO who, in most cascs, will be tue actual comsole operator. A course of
instruction in the operation of the F-1SA FS 108 has been gencerated for new IPs at Luke AFB. It includes
L 1/2 hours of classroom instruction by an SO and 1 1/2 hours at the 108 with an SO and a qualified IP. A
clearly written basic 10S operators handbook has been generared, and an [P has been assigned full-time to
develop more preprogramined missions.

In view of findings during ithe HFT&E and subsequent actions by the training agencies, AFHRL/FT
undertook an etfort to look independently into the problem of F-15A FS 108 operation. Some important
questions remained unanswered (e.g., Are the error counts significant cnough to consider redesigning the
tactics consale? Do error corrections seriously Jdetract from simulator uaiing? Why do some IPs make less
errors than others?). This preliminary investigation inio such questions utilized data from direct observation
of daily simulator operations. The average number of errors, the average crror time, and the average actual
iraining time were computed. In addition, IP average error and electronic tactics use were also investigated.
The results of this study were compared to those made in August 1977 duting the AFHRL Sponsored 108
desiga study.

11. METHOD

In April 1977, TAC began an operational test and cvaluation (OT&E) of the F-1SA FS_ built by
Goodyear Acrospace Division and located at Luke AFB. Air Force Human Resources faboratory, Flying
Training Division, Tactica! Training Research Branch (AFHRL/FTO) at Luke AFB, was asked to assist in
the conduct of the operational evaluation of the F-15A ¥FS in several arcas. This report is an outgrowth of
the tindings from one of the areus investigated.
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Design

A ditect observation study of daily simulator operations was the gencral research design, The
investigator collected data in the F-15A FS #1 located at Luke AFB between 6 July and 3 August 1978,

During the study, the simulator was operating continueusly from 0600 hours to 1800 hours. Monday
through Friday. Each day’s schedule was divided into eight, 90-munute scssions. As students progressed
through the flight syllabus, they were assigned specific simulator sessions at various stages of their traiming.
As such, scheduling of simulator sessions was dictated by operational commitments. A further complication
was computer downtime (about 10% of the sessions).

The investigator monitored three sessions per day at 0900, 1030, and 1330 hours, During monitored
sessions, the investigator recorded the number of errors made by the IPs at the tactics board, the time taken

10 correct crrors, and wotal training time. During unmonitored sessions, the SO tallied the number of errors
made hy the 1P,

Any subjective information abour simrulator operating procedures was jecorded by the investigator
for later use in answering some difficult questions on simulator training effectiveness.

Subjects

The subjects consisted of 34 instructor pilots qualified in the F-15A aircraft. Their ranks ranged from
First Licutenant through Major. IP experience in the F-15A FS varied greatly, ranging from 0 to 200 hours.

Sixteen SOs were also present in the study. They seldom operated the 10S but they were available 1o

answer questions and to help with specitic problems. Experience ranged from 4 months to 19 months on
the F-15A 108.

Apparatus

Counrer. A Systron-Donner Model 6152A digital counter was set to trigger (count) once for each

illumination of the ERROR light on the tactics consoie. It was installed in the computer input/output
cabinet and was not visible to the IP.

IP Questionnaire. 1Ps recorded their flying experieuce, including type of aircraft, total hours, and IP

hours in cach type, and simulator experience, including type of simulacor, total hours, and IP hours in each
type (sce Table Land Appendix A).

Table 1. Hours of Simulator Experience of
Instructor Pilets by Simulator Type and
Number of Instructor Pilots

Simulator Type

Fa F1s T-38 AT
Total hours of

cxpericnce® 2,500 1,875 500 250
Number of IPs 11 20 2 1

#Rounded to nearest 25 nours increment .

SO Questionnaire. Individuals recorded experience as operator and/or technician on the F-15A FS
I0S or any additic ] simulator (sec Tsble 2 and Appendix B).
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Tubhic 2. Months of Simuator Experience of Simulator Operatoss by -
Simwator Type and Number of Openatox; i : §
q
Simulator Type - P
F-13 F4E A.JD0  SAAC C-11-C  F-4D Fa00 F-11A  FB-111A  F-10sD ‘ ;
- : )
Total montl.s of ‘
ecpenence 178 42 M 49 45 42 36 17 17 S i
Number of operators 1§ ¥ 3 4 1 3 1 l 1 1 ;
i
i
%
1154 108 Frvaluation Worksheer, The SO recorded the date, simulator number, course number ;
: . . . . . !
names of the SO, 1P, and student, whether the session was completed, the ET set number, the numier of i
erters. and the sched-tled sessinn time. The mvestigator recorded ertors, error time, and total training time 1
during manitored sessions (sce Appendin €V, !
i
Stop watches, One stopwatch was used 1o record tatad training time. Another stopwatch was used to i
record error tme only . }1
Procedure 1
. . . . 1
During umnonitored sessions (0600, 0730, 1200, 1500. and 1630 sessions) the SO filled out the ]
worksheet and recorded the numsber of crrors displayed on the counter ]
i
During monitored sessions (0900, 1630, and 1300 sessions) the SO filled vat thie worksheet and the 1’
fnvestigator recorded the number of errors, ¢iror tume, and total training time The total training time b
stopwatch was started when hath the 1P and student were seated and voice communication was established. i
I wag stopped whon the student removed the headset and Jimbed tfrom the cogkpit 1
ri I ]
The crror time stopwatch was startea when the error light was activated and was stopped when the 1
IP completed entry of the correct information. g
The investigator also made visual tallies of ¢rrors to confirm the number displayed on the counter. In ;

addition, the investigator talked on an informal basis with IPs and §Gs and made note of any special

circumstances in the daily operation of the simulator for futare use
&
1L RESULTS

The results of the evituation are presented and discussed according ro theee topical arcas: {a) Sessiun
Reculta (b P Resutis, and () Blectionic Tacties Results,

Session Results

During 35 monitored sessions {52.5 hours) the average error time per session was 33 seconds or
approximately 1% of the sclieduled 90 minutes (o = 82). Each session is comprised of from one to several '
varied mission cvents depending on the syllabus. Actual traming tioe was defined as total training time
minus error time. During monitored sessions, the average actual uaining tine per session was 76 minutes or

84% of the scheduled 90 minutes (u = 11). Seven errors per session, on the average, were committed by 1Ps
fer 107 total sessions, including monitored and unmoniiored sessions (0 = 9).

IP Results

1Ps in the carlier 108 desyn study committed siaverage ol nine eirors per session (¢ = 8). For those
with threc or more sessions. the average dropped to seven errors per session (0 = 5). The average dropped
further to five errors per session for those 1Ps in the present study who were also in last year’s study (o0 =
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5). For s in the present study anly, the etror count was back np to sever crons per sessjon (o = 75 The 1
Fearson Prodeet Moment Conrdation Cocfficient was applicd o detesmne e relacouship betwe n the :

. i - - :
number of sessions and the average eoor count for cach iP (Roscoe, 19753),

For IPs in the 1977 {08 desigsi study, r = --.32,(p = .059). For Wsin the 1478 stody who wese also
e Last year's study, 1= -.62, (p = .00047). The dinierence between the two correlstion cocfficents voas
significant at the Q951 fevel.

The Pearson Product Moment Correlation Cocfficient was also caicalated foi 12 hours op the F-15A
FS wversus the average error count. The valuc of the coefficient (r =

022) indicates no sign.ticant
telationship between I hours en the simulater and average error count.

Electroniv Tuctics Results |

The clectronic tactics results indicated that ETs aie being usea in about 25% of the sersions. Sylla- ns
requirements dictate “hiat certain sessions sre to be flown without ETs but inany IPs opt 1 use manual
targets (307 of the sassions) where they are it control vnd can Lok ap or accelerate traming according to
the individual student’s progression. However, both manual ta gets and ET sets rre -esponcivle for high
average error coun's (H and 10 errors per session, see Tabie 3),

7able 3. Electronic Tactics Resulte

Aversgs Ervors
Tamet Mode Par Scesion % of Sessiung

Manuat Targets and

ETs Noo Used 2 48 .
FTs Used 10 25 [
Manoal Fargets Used 1 30

Although the averages indicate rather snall error counts and tim.s, there was a wide range of
varation among IPs. Frrov counts range from 0 to 53, and some 1Ps spent over § minutes just correcting
etrors. These are important deviations which zaay be a function of experience and motivation.

IV. DISCUSSION AND RECOMMENTJATIONS

The present 10S design study was a preliminiry investigation into the error counts and iraining
effectiveness of the F-15A FS 108 and wiil scive as a {ollow up 1o the earlier study. This study attempted
to identify specific problems and indicate directions for additional research.

The error time and counts may not be as important as was previously tiought. There was an average
of seven errors per session committed at the 108, Average error time was 53 seconds per session (1% of
scheduled training time). However, there were only 76 minutes (34%) on the average, of actual training l
time contained in one 90-nénute session. About 15% of the scheduled session time was lost due to
computer malfunction, or delayed start. Additionally, errers in the present study did not seriously detract
from training *iine since an average of only 8 scconds was required to correct an error. Training is a '
continuous process, and although an IP commits an crror at the 108, the student is still flying and receiving

i

!

. . . . 3

training while the error is being corrected. 3

IPs did report excessive button pushing for even the simplest maneuvers; however, IP performance 1
improved with practice. IPs in the carlier design study committed an average of nine errors per session, but

for those with three or mere sessions the average error count dropped to seven errors per session. Among H

IPs in the present study who were also in the earlier study, the error count dropped tarther ro five errors 3
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pee session winle, £ those IF in the piesent stady onil=, (he aer ge count wluney T seven €iors per
SUSSION

Uadizing only those pilots common to both studies, the correlavic - heiwect pvaber of sossions and
avezage enot sount in e preient study was higher thas Hetore (see Fiycres & 2). /i the number of
session: increased, the averyge coor coent tenoed to decrease. However, there were po statistical
significant relationships between ttal 1 houss on the stimulatos and averzge er o count. This result may st
aaplaied by considenng that the more ¢ocinced Py prefeied o stumble thiougl the comul Laed
sswatchelogy of the F-15A FS rather than csk the opesior 1or assistance. Less eaporenced IPs asked for
as istance soonct wed mere otten. Consequenay, more espanenced IPs terded 1o hae higher average error
counts than would notmally be expected. The present stuay badicates that mose P were not satsiled with
the simulator training. My poined o the conslen switchology, inadequare {F trafning, and e
ineiiective corputer Loaiv which does nos allow sinnistanecus uge ot the wetics and mission display panel
(Crites, 1977) wr simuMtaneous viewing of the tactics and intereepss displays (B.¢r & Sanaess, 1577). The
preseit FOS desipn and tinuted ? vaining progrem did not sigsd cantly affect training time, bui did appear
to hinder the full developmaent of qaaliny fHight simulator T-aining.
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Figurc 2. Number of sessions versus xverage ervor count for
insinuctor pilots im 1978 study (r = —.62).

There must be closer cooperation between simulator designers and operational personnel. The
compl.cated and confounding operaiing procedures for the F-15A FS 108 which were probably resporsible
for at least some of the frequent opcrafor errors. attest to the neec for eadly interaction between s*mualator
designers, human vactors scientists, and user ‘operator) personnel at the conceptual, design, and acquisivion
stages of new training device developrment ( This recommendation has previously been reported by other
investigators.) The designers must solici. and receive feedback from users on the training effectiveness of
simulator designs. Open communications at the earlisst s1ages of design may help solve problems such as
those pointed out by this report.

Many of the changss to the F-15A FS 108 recommended by the HET&E (Crites, 1977) and provided
to the F-15A 1S OT&E manager ond other carlics reports during the initial OT&E have e onnmicnded

considerable improvernents be made to the F-1SA FS. Even these changes deserve critical review to insure

that fiail configuration will be usable in the operational sctting at unit level. These changes must also be
cost effective. Such a review follows the theme of this report; that is. the end product (a production flight
simulator) should be delivered capable of providing required training while being operated by personnel
trained to use the equiprieni in an cffective manner.
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APPENDIX A SAMPLE 1P QUESTIONNAIRE

Name Grade Date

SSN _ Sqdn _

FLYING EXPERIENCE:

Aircrafl Total Hours 1P Hours

e

SIMULATOR EXPLERIENCE:

Simulator Total Hours 1P Hours
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APPENDIX B: SAMPLE SC QUESTIONNAIRE

Name Rark Dae

PAFSC __ DAFsC 3SN

EXPERIENCE (In months):

108 Operator

Maintenance Technician

F-15 108

Orther 10S:
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APPENDIX D: DATA FOR CALCULATING THE

PEARSON PRODUCT MOMENT
CORRELATION COEFFICIENT

Presant Study

Avarage Error

# of Sesslons

Prior Study

Average Errer

# of Sessions

| 18
I 13.33
| 10
10
6.5
! 6
1 6
i 7.75
9
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36

18

13

10
7.67
$.08
4.33
4.5
7

22.57

18.86
6.86
1.71
1.71
0
8.75
7.56
6.89

-4
J.oU

1.4
5.6
409
5
9.33
847

= -0.32,(p = .059)
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i r=-0.62,(p = .00047)
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