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Preface

This thesis has been an attempt to expand the overall techniques
for quantification and validation of human reliability data. It was
only a beginning, but one with colossal potential. It was a complete
thesis, preceding from theory through design and building of equipment,
designing an experiment, testing subjects, tabulating the results, and
then analyzing them. It confirmed the hypothesis that testing can well
become more a function of the testor than the subject. Many error factors
emerged that should not be ignored in serious studies of complete systems.
The response error developed here might be a very useful tool for future
analysis. With extreme reliability measurement, redundancy is necessary
to control the reljability of complex testing equipment.

I am indebted to Dr. Donald Topmiller of the Aeromedical Laboratory
for giving me this interesting and challenging thesis topic. The
expectations of Dr. Donald Norris imbued me with a sense of depth and
prespective for an enormous project. Mrs. Sara Munger, a developer of
the data, gave me useful guidance. 1In any low-cost project manpower
becomes paramount and from the Human Resources Laboratory Instrument
Branch with which I worked, John Ferguson helped me find the off-the-
shelf equipment and Noel Schwartz somehow translated ideas into electrical
devices and put this conglomerate mass of wires and relays tcgether.

I thank Prof. Moore for this continued interest and support for

me and my class and Doris Brown's late hours of typing.
Edward Low
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Abstract f

The human reliability data (Data Store, An Index of Electronic

Equipment Operability) derived by the American Institute for Research

aand AV Ab~a il analiss i Y LAttt J

was used to select, modify, or construct 11 indicators and controls.

LUV ORNPURSRPIEE | S PN YN

These indicators and controls were assembled into two panels repre-
senting the best and worst reliability figures that could be utilized.
Yo produce realistic operational panels, little reliability difference

could be made in the dimensions. The panel equipment, through a Tally

e meamaan] by ot oA A D N en

tape reader, was operated to simulate an ajrcraft flight profile

b i

34 from take-off to level-off. A checklist was devised varying response

1 control indicator relationships. Trained subjects performed discrete
actions in response to indications of airspeed, altitude, and vertical
velocity. Their response was recorded and observed. To minimize

p] ,
equipment variability for higher reliability tasks, redundant error :

recording and interpretation was performed.
In addition to equipment reliability considerations, many 3
tangential errors ‘such as proximity and similarity) appeared that

would affect validation and analysis. A near error (called response

error) was tabulated for a pilot study performed on the equipment.

Relative validation of the data was accomplished.

1
]
k
‘; 2
i
i
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A SYSTEM FOR VALIDATING
HUMAN RELIABILITY DATA

I. INTRODUCTION

Purpose
The purpose of ihis thesis has been to devise a system for

validating human reliability data. This involved the design,
construction, and test of an apparatus which presented an operation

usiing indicators and controls of varying dimensions and measuring

PRRPE I R VS T SO TIPSR OL TR SN

the reliability of the operators. The roots of this thesis lie in

the development of the quantification of human performance.

Background ;

Machines that man operates are merely extensions of his abilities;

yet for a very long time his function was not considered a part of

e AR e Ay M e maa e b s e e ke o .

the machine output. The performance parameters of the man-machine
system evaluated were only those of the machine. The reliability of a
system was generally defined in terms of the probability of system
operation without equipment breakdown. With the advent of high relia-

bility missiles and electronic equipment, the human factor entered a

recoanition phase. Shapero (Ref 20) pointed out that 20-53% of missile
malfunction reports investigated were classified as human-initiated.

Another phase of human element assessment might be called the

[RPSTCRIE STPUE YO

qualitative phase. Extensive research produced a large number of te:xts

1
4
N
.
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and research reports which helped engineers design equipment for
man's use. This qualitative data gave dimensions and equipment
characteristics for optimum human performance. Yet a need existed to
quantify the human role if the total mission effectiveness was to be 7

determined.

Quantification

Irwin (Ref 7) outlined several zpproaches to the quantification
of human performance.

1. Analysis of field experience.
Extrapolation from experimental literature.

Conducting special studies in simulated environment.

> w N
L) . L)

Conducting special studies in operational environment, and 1
Judging and rating reliability. ;
Basic to ail these methods is a reduction of a mission down to §
a specific task analysis.

The first major work in this area was done by the American
Institute for Research (AIR). They began with an extensive literature

search. Through manipulation of the data and their own judgement

P SR TR SN

they produced reliability figures for various dimensions of simple
indicators and controls and put them into a collection called Data
Store.

Rook (Ref 17) analyzed error data for 23,000 production defects é

detected in assembly operations of electronic equipment. He developed
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a classification scheme and a quantitative model for evaluating the 3
contribution of human error to the degradation of product quality.
Swain (Ref 21) extended Rook's work to military applications and used
the Data Store. His method was called Technique for Human Error Rate
Prediction {THERP). He used a probability tree to cover all possible
consequences of operator action.

A computer extension of this methodology was developed by Miller

Mt e it s it 4t Lbm o < nm

(Ref 11). He oriented his approach around the operator of U.S. Army ‘
Signals Corps field equipment. Called Tactical Data Entry System é
(TACDEN), it was basically a typewriter type of keyboard for entry of

data, a magnetic drum for storage and a cathode-ray tube which showed

the information the operator was supplying the system.

:
i
j
1
1
4

AIR Data Store

The Data Store of AIR (an Index of Electronic Equipment Operability)

was the basic building block for many approaches. The basic unit of

evaluation for the index was a specific step or action. This step was

subdivided into three aspects: (1) inputs(stimuli to the senses),

% (2) mediating processes (thinking, evaluating), and (3) outputs or

) responses (motor activities). Equipment behavior components were
identified that were 1ikely to affect each aspect of behévior
(Table 1). The authors of the Data Store recognized a paucity of
categories, mediating process and a need for materials in this area.

. ) These individual components were then broken down into parameters

and then into dimensions which were discrete categories or intervals

(Table II).
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Table I

List of Input, Mediating Process, and Qutput Components

" Style

Inputs Mediatina Process Outputs
Circular Scales Identification/Recogniiion Cable Connections
Counters Manipulation - Cranks
Labeling Disconnecting
Lights Joysticks
Linear Scales ' Knobs
Non-Speech Levers
Scopes Object Positipning
Semi-Circular Scales Pushbuttons
Speech Rétary Selectors

: Speech
Toggle Switches
1 ' Hriting ‘
- (From REF 17:11)

Table II
: \ -

Counter Parameters and Dimensions

Size (length) !

a. 1"
b. i-2" _
c. 3" and up

Nurbers of: drums (or digits) -

a. Quantitative reading
b. Qualitative reading

* (From Ref 15:4)
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1

Unfortunate]y, the Experimental data was very difficult to quantlfy

3 . . and large gaps existed. Here they 1nterpo1ated and extrapo]ated from
! : . i !
related studies, used their judgement, or made "quick and dirty"
l : studies. As can be seeh, some gaps etil1 existed. For the second

‘ parameter in Table II number of'druﬁs, the quantity 6 is cmitted

faeband o mmnein

“f - because they did not want to over1nterpret the data.
3 !

PR Over a. var1ety of equ1pments and missions the range of operator

St voSeniow, n

: reliabilities was 85 to 90%. This was interpreted to mean that 10-15%

of the time an operator error would fail or seriously degrade mission

XV el L are P

effectiveness.’ Since no field tests for reliability for individual

task steps or behavior components were avai]ab]e,.they derived their i

[

own. Using tﬁe1r niean unre11ab111ty f1gure nf 0,13 (10-15%), they
' d1v1ded it by the mean number of steps in a mission. For 26 d1fferent

equipments the:average number of stens was, 50, so their mean unfe]ia1~

N s g a

'biljty per step was
| 0.13 = 0.002¢ x | :

— ' J

5

This means that in 10,000 operation$ of this step: operator error would

' fail or seriously degrade a missicr, 26 times., This step ﬁnre]iability

was then compared to mean unreliability per experimental trial studied.

The experimenta] mean value was '0.31935. Assuming a trial was equivalent

pryew

to .a step, the rat1o of the ratio of the two numbers gave a convers1on

factor to mu1t1p]y t1mes the exper1menta1 unre]rab111ty

0.0026 = 0.008145
0.31936
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The product of laboratory unreliability and the conversion factor
gave an unreliability or error rate for a dimension. For example,
if a counter 1 inch long gave a lab reliability of 0.8773, its
unreliability would be 0.1227 (1-0.8773). The Data Store unreliability
or estimate of field error rate for that dimension would be

(0.1227) x (0.001845) = 0.001
giving a reliability of 6.999. Table III shows a portion of a page
from the Data Store Index which begins with this reliability for the
first dimension.
Table III

Counter Dimensional Reljability

Reliability Parameter & Dimension
1. Size (length)
.9990 a. 1
.9998 ‘b, 1-2"
.9995 c. 3" and up
2. Number of drums (or digits)
.9997 a. 1-3
.9993 b. 4-5
.9985 ¢. 7 and up
3. Style
.9995 a. Continuously rotating
.9997 b. Unit jumps
4, Use
.9999 a. Quantitative read
.9990 b. Qualitative read
5. Numeral legibility
.9999 a. Clear and concise
.2994 b. Potentially ambiguous

~ (From Ref 15:4)
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Ancther element, response time, listed in the Data Store, is not

evaluated in this study.

The purpose of the data was to evaluate equipment by identifying :

design features which would degrade operator performance and providing

guidance concerning selection and training of operators for evaluated

et

equipment.

Some Limitations

i F The definition of error will be covered more fully when the results

of the test are examined. The AIR definition, "seriously degrade",

o ra b L b B M b e s ke sk £ 2

seemed to be an individual judgement item. The conversion factor tied

% the resultant reliability figures to general field reliability and

possibly, totally irrelevant or inadequate laboratory data. Validation

FAn s A Tt ety L

and adjustment of the data was made on a narrow group of equipment with

e

insufficient reliability data to make any statistical analysis. MNone-

RO V3¢

theless, the use of the data by the developers of other methods
confirmed a general “"in the ball park" validity. Since this data
still remains as the primary bank of information, a continuation of
this thesis project could contribute significantly toward human i

performance evaluation. !

System Development ]

F - To construct a system which would validate the data, an apparatus ’i

was constructed witﬁ two panels having the same type of component

displays and controls. One panel contained components with dimensions
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as closely approximating those in the data that gave the highest
reliability and the other with dimensions similar to those having

the worst reliability. The components and other equipment were all
off-the-shelf or experimental equipment not currently in use. Since
some of the equipment was experimental, it was not completely pre-
dictable and most of it was modified to perform in a manner not
originally intended. The panel was programmed to simulate an aircraft
sequence from take-off to level-off in order to get a maximum number

of logical uses of the components.

e N
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11. EQUIPMENT DESIGN

The system had two main groups of equipment. The display and
control group consisted of the equipment with which the subjects were
associated. It included two panels of displays and controls and the
platform and the throttle it housed. The driving equipment included
all the other apparatus for operating the experiment and recording
operator responses. More technical description of the operation of the
indicators and controls is included in the equipment section. The
panels are shown in Figures 1 and 2. The resulting equipment design
was a function of individual equipment dimensions, availability,
adaptability te the experiment, possible control, and panel iayout.
Schematics for the various equipment circuitry is included in the

Appendix.

Indicators and Controls

It was possible to use five types of indicators on each panel:
scales that were semi-circular, circular, and linear; a counter and
a light. The controls used were a knob, a rotary selector, a toggle
switch, a push button, and levers. Sketches were drawn of the best
and worst case for the parameters in the Data Store Index. From these
sketches, the search began for the indicator and control componenrts.
It was obvious that many parameters and categories were not appropriate

to an aircraft instrument application.
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In the Data Store Index there are ar average of nine pirameters
for each indicator and cuntrol. Generally less tha! six of these
 : parameters could be used. For each parameter there are three or four g

values for each parameter. Quite often the extreme values were diffi-

cult to use. For ex. ple, a semi-circular svale most naturally could

PR AT R B,

-~

be used for aircraft rate of climb or descent (vertical velocity:. The

IMdlax cen? s,

parameter, scale arc length (number cf degrees included by scope face)

PRI 2T T RN Y

has the categories 25°, 50-100° and 200°. The Towest category,'25°,
did not seem to aliow for presentation of several vertical velocities

and gracduations between them si only two categories were used, The

TRVITT PP RVIITL VLI - PR T

- number of graduations s%il11 had %o pe reﬁuéed to make the worst case

é indicator iegible. For the parameter, scale ini2rval spacirg (distance . |

; between gradustion marks), the reliability figure actually turned cut . .;

é C better for the worst case. The unly useful aﬁmeter that cou]? be | ;
found that fit the 50-~103° category nad a neinter redius in the sawe

range as the best case so this parameter could not be differentiated.

Normil aircraft vertical velocity indicaturs could nct be used

SLal AL amta. o W A

baz: »: thele variable graduation spacing did rot ienu itself'to the
} '
irdex. Similar problems were encountered differentiating among the

nthe. nstruments. New faces had to be made for tie circular engine

speed indicators. Again, for legibility, the smaliei instrument had

PR
LW CIP 1 VAL IR L ORr PN

PYANSPNIRFINF 2oP VR PO IYC PRI FPPP

to have fewer graduations and a be%ler reliability for that parameteri ' 3

The vertical scale used for altitude was an experimentai mode] .

Two identical instruments were used. To create a worst case, the

2 , '
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~N

\ presentation area vas réduced and the number of graduations %as increased.

‘Counters werked odt best for airspeed. A fourth digit on the largest
(best case) counter was taped to kéep the reliabpility at least equal

] : : to the worst case. A 1light served to indicate if the brakes were set.

Levers were used for the throttle and gear handles. A push button

P

served as a brake button and a rotary selector acted as a flap position
control. .Another type of rotary selector,’a knob, was wing position

cont}ol. The .Tnde« used the knob in conjunction with a separate

Smai AR e SN et meny s’ DY An s m e e v ae e

3 : . display brt for simplicity this was omitted. A three-position toggle
! : , , swiich, spring IGéded to the center position, functioned as a nuse

position'control. This control was created to give the operator a

,  discrete elevaticn control. The normal aircraft control wheel or
‘ : !

stick would present a continuous control function which would have

been' difficult to évaluate. Fbr this reason and experiment complexity,

e P Bt e LA F e

a heading conirol was not used.

Placement on Panel:

{
| ) )
4 @ : The controls and displavs were located on the panels in the mast
' i
functional manner possible. The panels are 21 inches wide and 12 inches

: é high at the side, with the top curving up to 15 inches in height at

D

the center. A row of indicators was sentered on a horizontal line
‘B 10-1/2 inches up from the bottom of the oanel. This located them just i

below eye level, 28 iaches from the ayes of an average male subject

Vot n i s s A 2

seated in the piarnad positioh at the console. Since the zero position

of the vertical velocity was at the nin2 o'clock vosition, it was placed

13 .
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on the right side of the panel. To balance the panel, the circular
scale was put on the left. The vertical linear scale was centered é
on the panel to use the maximum panel height and the airspeed ;
indicator was on the left of it. Another horizontal line, 2 inches :
up from the bottom of the panel, contained most of the controls and !
the brake 1ight. This placement put them closer to the hands of the !
subjects. Since both the knob and rotary selector were similar in f

operation, they were placed on opposite sides of the panei. The ;

brake 1ight and button were symmetrically below the altitude indicator.
To baiance the number of controls and manipulations, the toggle switch ;
was placed cn the right side of the panel. The gear lever was placed :
to the extreme left of the panel so when it was in the up or down

position it would not shield any instruments or controls. it was )
also above the 1ine of other controls so it would always extend well’
above the bottom of the panel and ¢-:y from the throttle, which was
also on the left side. One throttle was used with both panels. It is
shown in Figure 3. It moved fore and aft in a control box which was
clamped to the chair of the subject. It was placed on the left side
to locate it on *he same side as the engine speed indicator it §
controlled. A1l adjacent controls had a least 1-1/2 inch clearance

between nwving surfaces. A1l controls and displays were labeled in

1/4 inch letters with names most appropriate to what they showed or

did. Several labels were arbitrary. Uing position was not the generally

used term for wing sweep, yet it seemed to be an easier understood

e

description for the actual function of the control.

14
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Fig. 3
Throttle for Both Panels

Driving Equipment

The other equipment included a Tally tape reader, tnree Hunter j
ITIC timers, a control chassis, a white noise generator, an Esteriine- -
Angus recorder, and the associated wiring and electronic equinmant. :
The tape reader, with the control chassis and timers on top of it, |

- is shown in Figure 4. MWiring diagrams for the equinment are included :

in the Appendix.
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L ‘Fig. 4 *
Tape Reader, Chassis,
and Timers

.

1 A11 the panel indicators except ennine speed were programmed from

the Tally reader. The Tally read eight channels of punched paper tape b
(as shown in Figure 4). Within the Tally console were two relay trees
whose outputs controiled relavs in the control chassis. These control
chassis relays operated the various panel instruments. Both panels

were driven by the same circuitry except for the airspeed counters.

16




A AT R T TETETEETT 0 T T T e T TTRTERT Ty TR R R T T e e g 4 kL4 St o 2 Rl

GRE/MATH/66-5

PP \onw/aprm
¥

The airspeed ot Panel 2 (worst case) was a 3-digit impulse counter if
driven from a relaxation oscillator using a unijunction transistor. ‘?
According to tape code, the pulse counter could be stepped at two |
rates or stopped. These rates could be adjusted by potentiometers on

the chassis, allowing actuations from zero to 20 pulses per second.

S PRV

This allowed airspeed to increase well beyond normal human discrimina-

i lnas

§ . tion of the last digit. The counter had a push button reset to zero.

The other airspeed counter was geared to an Electro-Craft motor. The

FORICUE

motor had its own control unit which had a relay placed inside it to i
allow two-speed control from the control chassis. Two additional

potentiometers also permitted individual control of the increase in
counter reading. Since the indication on the counter was over 200 after /
the run and it had to be reset to zero for the next run, the motor

control was switched to the reverse position and the Hunter timer

o eteemalal et ks e

(which is labeled No. 1 in Figure 3 and in the Appendix schematic)

3 : was connected to allow runback to zero for the selected time interval.

The speed control of the motor was used to allow a faster reset rate
than the two and four units-per-second rates set in the control chassis f
for the experimentail runs.

The moving tape of the altitude in’icators was controlled from
a 400-cycle synchro generator. This synchro, on the control chassis,

was positioned in steps by a modified stepping switch. The switch

oy

: stepped one position every time an altitude code appeared on the punched

3 ) programmer tape. The reset timer, mentioned earlier, was connected

17
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to the reset coil of the stepping switch, 50 that:altitude could be
reset to zero. | | : : ‘ | , i

The climb meter was essentially a mi]]iaheter, connected through \ i
one of three rheostats to 28 volts d-c or disconﬁectéd for a zerolrate.
The programming tape codes selected one o% four relays, which in turn
selected one of three rheostats for the three Elimb rates or no rheostat
for zero climb. The more sensitive meter on Panel:2 had a rheostat

shunt to adjust it to-the same sensitivity as the other vertical

velocity indicator. With this avrangement, the three rheostats on'the

control chassis were used to adjust the indicator on Panel 1, and the

indicator on Panel 2 could then be corrected w1th 1ts own rheostat in

ST IO

back of the panel. ) ;

The throttle was coupled to a rotary -selector switch and a synchro ' i
generator. The selector switch routed 28 volt d-c to the appropriate i

channels of the Esterline-Angus recorder. The synchro generator‘fed

throttle position information 1o a synchro repeater of the engine b v

speed indicator on the panel.

. 1
Wing position, flap position, dear dnd nose position controls

functioned only to a route 28 volts to the various channels of the

Esterline-Angus for recording..‘ |

1

The tape reader cou]d also be used-to interrogate various contro]

positions during a program The appropriate code resu]ted in a blip
1

on the Esterline channel corresponding to the proper position of the

.- .
R e il Sk sl AN DAt 1o 2w

throttle or flap controls if the control was ggg.iﬁ the correct

position. No mark would be made when the control was in the correct ' ;

18 .
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[y

position and the Esterline.pen properly dispiaced. This feature was

not used in the experwment because during the final Jebugg1ng period,,

iy |

spur1ous s1gna1s actuated 1nstruments erroneous1y when the interrogation '

codes ran through the reader

. The speedrat which the Tally readlthe signals was negﬁ]ated by a
peir of ﬂunter timers)(]abeled No. 2 end No. 3).. The sum pf the th

The mos't convenient cycle period
for the: tapes was one second so each t1mer was set at a 0.5-sec interval.

These t1mers applied pbwer to the reiay trees at the appropr1ate t1me

of the read cycle and moved the tape through the reader.

s
i !
\
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IIT. THE DESIGN OF THE EXPERIMENT

= The experiment was designed to obtain a maximum number of output
manipulations by four trained operators. A take-off sequence was
selected because it would give more control actuations in a short time

and appear more realistic for discrete indications and a pre-determined

PO

program. By using a low altitude level-off, a basic checklist was

£ 2o e

developed with 17 realistically spaced control actions tied to various

indicator displays.

g
S99

Timing was developed through a variety of runs with a group of ;
trained psychologists and subjects. The objective was to condense the

sehuence into tiie shortest time in which a trained subject could read

RYTO QU NG SR

the checklist, observe the display, and perform the action wihtout

being rushed or required to wait too long for the next indication. The
bl

e A tecaed

f timing turned out to be comparable to the flight sequence of a high

speed aircraft.

Flight Profile

The flight profile used is shown in Figure 5. The base (abscissa)
is time in seconds from brake release. The ordinate axis is marked
in units of airspeed (knots)on the ieft side and altitude (feet)on the 5
right. Airspeed built up at an increasing rate for the first 25

seconds, then more slowly as an aircraft would until take-off at 40

e e et — AR e A A i i a s ¥ e a ah

seconds. At this time vertical velocity jumped to 1000 feet per minute

(FPM) and altituce began to increase. Airspeed and altitude increased

20
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in an undulating path as they would for various aircraft power and
pitch changes until level-off at 3100 feet and approximately 212
knots, 2 minutes 12 seconds after break release.

Varying aircraft performance would allow for many realistic flight
paths. For variation in the experiment, two alternate sequences were
randomly included. One started out with a higher airspeed and lower
ver’ 'cal velocity or climb rate typical of an aircraft nose-low altitude.
The other sequence simulated a nose-high climb with lower airspeed and
higher vertical velocity initially. Both sequences end up at the same
standard level-off.

The checklist used in the experimental runs is shown in Table IV.

It and the profile were carefully arranged to provide uniformly spaced
actions throughout the run. The checklist gave an action to be performed
on a control for various indicator displays. Indicator-control pairs
were varied as much as possible. The 1ink analysis in Figure 6 shows

how the diversified pairing of the indicators and controls is used.

The average indicator and control use was 3.1 times per run.

The students used the checklist during the runs. The first
checklist action, pushirg the brake button, started the sequence on
the tape reader. Their final level-off setting left the controls at

the initial start of take-off roll configuration.

Procedure
Four male students from the University of Dayton were used for

the pilot study of the experiment. The coordinator at the University

{
i
i

o

.
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Table IV
; Checklist

|4

i The acticns are to be performed after obtaining the proper indication.
: The indications will always appear. Complete each action in the numbered

; order, even though the succeeding indication might appear earlier. Your
o objective should be to perform the actions accurately without falling
behind the sequence of indications.

PP VRS

: Indication Action
: 1. BRAKE LIGHT - BRAKE BUTTON
: 2. AIRSPEED INCREASE - ENGINE SPEED, 100 PER CENT
* 3. AIRSPEEC, 75 KNOTS - NOSE UP
4. AIRSPEED, 90 K - ENGINE SPEED, 110%
5. VERTICAL VELOCITY, 1000 FPM -  NOSE UP
6. ALTITUDE, 300 FT - GEAR P
7. ALTITUDE, 550 FT - BRAKE BUTTON
8. VERTICAL VELOCITY, 2000 FPM -  FLAPS, 30 DEGREES
9. AIRSPEED, 120 K - RLAPS, 0°
‘ 10. ALTITUDE, 1700 FT - ENGINE SPEED, 100%
| 1. AIRSPEED, 145 K - WING POSITION, 40°
12. ALTITUDE, 2550 FT - WING POSITION, 60°
, 13. ALTITUDE, 2800 FT - NOSE DOMN |
5 14. VERTICAL VELOCITY, 1000 FPM -  ENGINE SPEED, 80%
15. AIRSPEED, 195 K - GEAR DOWN %
16. ALTITUDE, 3100 FT - FLAPS, 60° g
17. VERTICAL VELOCITY, 0 - WING POSITIONS, 20° |

23

0 ')
PO VS PV SO U WU

ok -~ N Ak e a b N [




PEKTGITITE OIS WA TR TR T T T T AT w6 T gt TeEs ST m s TV TR Al T T LT TR Ji:;
poreer: AN TV TN T T " Lk 11.‘ 142,1.?lzi....,itiqliiiai., ...\.<«q u ‘

‘ T v T T

A ‘J

4

, M

w sisAieuy juL
_,.1 o.m.&

e T EEATAR CTNTR W T T

DA L A A

NOILISOd ONIM  NO!1ISOd NOLING 18911 ROLLISOG
vy 3uvye

B s

24

Q33dSUY 3345 INIONI

A110073A
IVOILE3A

AR

onuny

oy

JOYANOD ONV AV1dSIG 40 LNIOd H3LIN3J - SISATVNY XNIT

A A A B

ST RRTER TR

¢

v

H

¥

r

.

L

¥
W. .

. .




N
B e

GRE/MATH/66-5

of Dayton were used for the pilot study of the experiment. The
coordinator at the University was asked to get students without
flight experience, if possible. They spent three hours training one
week on one panel and 6 one-hour sessions testing the next two weeks.
Two subjects tested on the panel on which they had trained, two
switched to the other panel. The third week all four students

switched panels.
Table V

Panel Usage

Panel
) Training Test
Subject Week 1 Week 2 Vleek 3
1 1 1 2
2 1 2 1
3 2 2 1
4 2 1 2

First week - Two subjects at a time were taken the first day to
avoid duplication and increase learning by observing another perform.
They were given a short instruction sheet (Appendix B) which explained
that they were being used in an experiment to measure human performance.
They filled out a questionnaire (Appendix C) which gave scheduling and
location information. They were also questioned about flight or tracking
experience. After being scheduled for the remaining activity, they
were shown the two panels. Logical relationships and analogies between
the equipment and aircraft indicators and controls were presented.

The subjects were encouraged to ask questions throughout the training.

25
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Tne subjects than sat in front of the panel and went through the
checklist, manipulating each control in the instructed fashion as the
observer explained each indication that would be observed. It Qas ‘
emphasized that each action had to be performed in' order before Tooking
for the next indication. The subjects also observed the'othér parties'
being instructed. |

The observer made the first "1ive" run to demonstrﬁte the flow of
indications. This run took 6 minutes 15 seconds from brake release '
until the last indication, which was zero vertical velocity (sequgnce
21 or S20, Appendix D). The run, averaging 19 secbnds between check-
1ist indications, had three 20-30 second periods without indicétor
changes which could be used for subject questions. The tape reader: f '
could be stopped for any length of time, if necessary. Each subject .
then performed and observed this run. .

At this point the subjects were given a short coffee break.
While they chatted they were handed an outline of the panel and parés
and asked to name the indicators and controls. Each subject then returned
to the panel, performed and observed a 4 minute 10 second run and
several 3 minute 10 second runs. The average time between required - ‘
actions had been reduced down to 15 and 12 seconds. After their
first demonstration run the subjects wore ear phonés and'heérd rqndom'
noise which was checked before, after, and intermittently during the
runs. The random noise was kept well below any uncomfortable level _ :
yet covered a frequency range and volume sufficient to block out

almost all outside noise.

26
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i

When thé sub;ects came back two days later for their individual
. .tréining hour, they performedlruhs until they had completed a total of
six 3-minuté runsﬁand three 2-minute 12-second runs similar to the
actual teSt run.
' Second weeki- At the fﬂrst session of the second week each subject

) was given each one of the three tests. After completing the training,

" one man on each panel swit;heﬂ to the panel on which he had not trained.

The subjects completed as mény runs as possible the first day and 45
runs for the week. _

| IbirH veek - A1l four .subjects switched panels for the last

45 runs 'this week. This gave each subject at least 14 training runs

on dne pane! and 45 test runs on each pane]j After the final run

was cempleted each subjgct’was questioned briefly about his impressions

and ideas about the experiment anq the purpose of the experiment was

explained.

Py ..\..LM- s
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IV. EQUIPMENT OPERATION

Within the limitations of labcratory voltage and equipment
operation, every effort was made to precisely control the system. This
was done to produce uniform subject presentations and most accurate

possible recording of their responses.

Laboratory Power

Unexpected variation in the line voltage to the equipment hampered
system operation. The apparatus was set up on the third floor of an
Aeromedical Laboratory at Wright-Patterson Air Force Base. This
building was one of four drawing power from a feeder station. In all
of the buildings, variable experimental activity was conducted. In
the basement of this building there was a test altitude chamber. When
the last of three vacuum pumps for the chamber was activated, a voltage
drop of several volis was created in the building. Accerding to power
and maintenance personnel for the area, the third floor of this building
had one of the most variable voltages. Intermittent observations
showed a variation in voltage from 114-v to 125-v ac. During the last
day of runs a microcorder tape was made which is shown in Figure 7.

The instrument was dampened and did not show large temporary
voltage changes. Various afternoon times are shown along the voltage
line which is indexed at 115-v and 125-v. Arrows show unusual breaks.

Several of these breaks drop to 115-volts shortly before and after

28
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Equipment Line Voltage Input
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1300. It could be expected

that a large amount of equipment
would be turned on right after
the lunch hour. The minimum
consistent voltage wés reached
in mid-afternoon and built

up again as building equipment
was turned off Tate in the day.
This presented a problem for
exact input voltage into the
system. Sola constant voltage
transformers were used with
the most important equipment
to minimize the problem.
Airsneed

The airspeed on Panel 1

saemed to present the most problems.

The counter was geared to an

Electro-Craft motor unit which appeared to have a warm-up effect on

airspeed.

The final test run sequences had approximately the same

smount of run time and were programmed to end up at the same end

airspeed, so the final counter reading was used as an index of the

operation of the airspeec circuitry.

airspeed would gradually build and peak after 6-10 runs.

It was found that this final

Airspeed
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checks with precise variable outputs did show that the airspeed outnut

43 was also a function ot line voltage. Isolating other factors, a drop

R 0. W Au.&.-:.a_n/.-;:diﬂt_t“h‘dj

from 128-v to 116-v produced a rise in final counter reading of 10
units. Below 111v the readings dropped again.

About the time the test runs were to begin i% was discovered that

a2 e b e ae s

the Hunter timers which controlled the basic system pulse were also

probably heavy contributors to the variation. Timar variations could

! ——

have been related to the times between runs, times between actuations,

AP ST PP S

the actuation period, equiprent variation (+5% for 117 +6 volts), <
and input voltages.

A test run sequence took 2 minutes 12 seconds with approximately
80 ceconds of airspeed motor run time. Then, 1-2 minutes of reset
time which included around 11 seconds of fast airspeed runback. Even

if a warm-up pattern was made it had to run until just before the

me s rmatali A T A Mh et AL Samae ke L se S AiBe e amIavA . RN

subject started because as little as % minutes cooling would result
in the same increasing output.

The final hook-up proccdure had both timers and the airspeed
control plugged into the Sola transformer. A1l equipment was put on
warm-up for approximately one hour before subject time. Two runs were
'J.: also made shortly before expected subject time to eliminate an initial

low outcome. Figure 8 shows bar graphs of the distribution of termina- :

tion airspeeds for the first five days. Table VI shows some statistics

of these distributions. Included is range, mean, mode, secondary mode

and number of runs.
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Table VI

Termination Air Speed Statistics

T T T TR e T YT 4T T See s oo sw v g e

i

Day 1 2 3 4 5 .6
Lowest 223.5  213.5 200.5 211.5 . 222 203 '
Highest  233.5 232.5 225.5 236 . 231.5 .222.5
Mean 228.8  226.4, 215.6  226.3  227i5  214.3
= Panel !
Mode 229-231 231-3 209-211 231-3  225-227 --- 1
. 227-229 '
Secondary 225-227 227-9 219-221 225-227 --- ———
Mode " 227-229 -
229-231
No of 25 32 33 30 30 . 3
Runs : '
Lowest 210 208 209 209 210 210
Highest 212 214 215 215 215 214% ,
Mean 211.2  212.0 214.3  213.0 213.5 212.7
’ . , 214.,2%

Mode 211 213 214 213 214 213 Panel

' 214 213 2
Secondary 212 24 213 —-- 215 214
Mode .
No of 18 33 39 30 30 30
Runs ' .,

*214.2 average includes 3 runs enﬂing at 228 | ,
.i |
© 32
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; - Several aiternatezhook-ups were tried the i;st day and a variac :
was used .y itself to test control and also attempt to bring the | | 3
aQerage }un times of a]] subjécts c]oser'togeyher; EInterestingly | ’

, enough, although the range of eqd speeds (as fndidatoré, gerarally, of
speedlre1étionships to other inst(uments throughaut the #un) was
' Targer than deSired, the average end ;peéd’seeﬁ by all fou; subjects

. i A
varied by only three units. This means that the average time at which

a subject saw a specific airspeed during the runs varied less than 2

secoﬁds.-:This'wpu]d indicate that for a larger number of runs, if .

vl a e PEN-IRY

eath subject ran atldifferent times of the day,:‘he'distributipns for

1

' all subjects would probably be equivalent.

I 1" would be suggested for future experiments that the variac

KM CAYA A o aee o . . ve. .

be hooked in the jine after the Sola transformer. Because of the low

output voltage of the Sola, this would give some variable control

PR

‘over airspeed. To eliminaté the war&»up rénge of output, several
sequencés could be run' just before the subjeét sFarted (wifh the 400

, . icycle power turned off to cut out altiﬁeter actuation). If this cod]&
| ﬁot be done, the variac could be set low and gradually turned up as
Fhe system warmed up. Runs could al%o be scheduled to avoid génerall

building tura-on and turn-off activity. C :

:
‘:‘\
i
i
!
J
A
.
:
.
.

The airspeed. of Panel 2 shows less effecp of voltage variation
and would require 1ittle attention. One unexplanable variation
shouid be avoided. When the timers were plugged into the variac (Wchh

only allows some control, not constant voltage) the final counter

)
;
{
|
i
i
:
& L}
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SHOPPFSRP T

B

readings jumped to 228, a rise of approximately 15 units. No variation
of the variac could regulate this output so they had to be plugged

into the line voltage or the Sola transformer.

L afum e aes

Altimeter

The altimeters were experimental instruments and no wiring diagrams

could be found on-base, with the distributor, or at the factory. Guess

] work was involved determining the wiring, so complete control was

sometimes questionable. The synchros in the instrument were geared

to drive the movable tape through its entire 11,500 foot range. The

[ RPN a.

fine synchro made approximately 17 revolutions to one revolution of
the gross synchro (schematic in Appendix).
Originally the altitude was programmed to go to 5000 feet. When

the reset timer was actuated, the step switch driving the synchro

TSROy, S PR PP

generator would spring back to the zero position. The instrument
gross synchro had been switched on and attempted to follow back to the
nearest zero position. At the completion of the reset timing, the

fine synchro was re-activated and returned to the nearest zero

position. With repeated use, the gross synchro seemed to return

to large negative values or to a position that upset the fine synchro
when it took over an it would not go completely to its original zero
point or would go beyond to one complete revolution and indicate 6500 5

feet. This condition could not be resolved in the short time before

subjects were to be run so the gross synchro was disconnected and

ot # e s
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the program sequence was re-written to keep the fine synchro in a

range (less than 180 degrees of movement or 3300 feet of aliitude)

TN

that would allow it to return to the zero point after each run. There
remained some variation in the altitude indications but the checklist

was organized to avoid ambiguous readings. The subjects were required

N RVEUSY

to note a specified altitude plus or minus 50 feet before making

control actuations.

The stepping switch increased altitude approximately 280 feet in

each incremental step. The variation in the instrument seemed to be

PSSO Y T PV

caused by a spring in the instrument which opposed the movement and/or
an uneven torque sometimes caused by a slight shift in phase of the

400-cycle input voltage.

M s B 0 e e bk s S et




il b i S s Al da sl ot bt ARUIECF sant Ates LA I A S0 il Zaet £ Lol b o) © an” dlaskal LA LA A R o' T L2 i gh 2 i it bt e kil i A e R Sk adP i il 2 Lo b anc it R Ca e bt d st i A £ i --v-m--r-vv—_\1
. t v oy e “a men 3
r

GRE/MATH/66-5

V. TEST RESULTS AND ANALYSIS

The experiment was designed as a pilot study for further system
testing. It was important to define and analyze errors, not only to ;
determine reliability but to design the equipment and the test. The

following discussion might aid later, more sophisticated testing.

Error Definition

The basic error definition in AIR material, an action that would

AFrmsta €t e 22 htrminain A BP e areSrms £a AP T m e nmn

s degrade the system, seemed too narrow. Of the many definitions, one
] of the more acceptable (Ref 16 and Ref 15) was:

1. Perform required action incerrectly

IO TP

2. Perforn required action out of sequence

3. Perform non-required action

s e

4. Failure to perform required action.
An interview with Mrs. Sarah Munger, AIR research scientist,
(Ref 26) convinced the author that "near" errors could have significant

effects, give more data, and should be recorded. So, any incorrect

response (with some modification) was recorded and classified as

PP S A

either actuation or respon:e error. An actuation error was a definite
indicator misreading or incorrect control movement by the subject

(slightly modified by later discussion). A "near" or response error

was a start toward the wrong control. With this consideration and for

a back-up of the recording system, all subject runs were observed.
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An observer sheet was developed which reduced the distraction from

subject operation of the panel.

_Observation Sheet i

The observation sheet (see Appendix A) was a 8 x 10-1/2 inch General

Purpose Data Sheet, with extra columns added. The conrrect action and

indication for each step are on the left side of the sheet. As an aid

e

to the observer, the action he is watching is also repeated on the

,.
PAPPIPRE L G SU E Serr

right side of the sheet. Two columns for each of the five controls and

a comments column spread from left to right. One of the two columns is i

e re—— A S AP Rh

marked A for actuation errors, the other column is marked R for

response error. The observer checks the block for the incorrect K

¥ control action made (response or actuation) on the correct response-

Castilade 4mas.

indication 1ine. Display errors could be recorded by circling the

indication.

-~
J

e it amaral b

A sheet was used for each run. The starting time aud ending

airspeed counter readings were recorded for equipment evaluation.
After the testing, the checked blocks were compared with the Esterline-

Angus recording and tabulations made for the various component errors.

Error Amplification

Further amplification of errors was necessary for system components. i

Th2 subject sometimes moved the throttle through the correct position.

If he immediately moved it back to the correct position, it was not o

e e

counted as an error. The average subject took about 1-1/2 to 2 seconds
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to glance from the throttle or any place on the panel, observe an
incorrect engine speed and change it. I¥ he appeared to do more than
this action or take longer (depending on the movement rate of the
subject) he was credited with an error. Movement in the wrong direction
was considered an ervor.

For both actuation and response errors it was helpful to understand
the mannerisms of the subjects. The movement rate for subjects varied.
One man normally took longer to glance around or move a dial and if
the 1-1/2 to 2 second rule was rigidly maintained, some of his normal
rate actions would have been considered as actuation errors. Conversely,
a faster acting man might be conmitting a response error if he left the
control incorrectly positioned longer than he normally would take to
observe the incorrect indication,

One subject always placed his hand on the next control to be
actuated long before the necessary indication. Observing one of the
other subjects, the occasional time he reached out to manipulate a

control, it appeared he was making a response error.

Other Error Effects

Unfortunately, many errors appeared which could not be specifically
attributed to indicator or control characteristics nor eliminated by
experiment design. A checklist was used because of the number of
experiment steps and allowable training. Twice a subject omitted a
step. These omissions might be attributed more properly to the checklist

or the pacing of events in the sequence. The checklist was constructed
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to give a logical progression of events but some did not appear as
realistic as desired. One uncomfortable action for the subjects
required putting the Nose Position up when the vertical velocity read
1000 feet per minute (FPM). One subject said he always wanted to do
something else at altitude 1700 feet, rather than pull power back to
100%.

The proximity of one control to another was a significant factor,
especially with the gear and throttle levers. It was intended to have
the subject seated with his eyes 25-28 inches from the panel, hori-
zontally in line with the top row of indicators. This arrangement
located the edge of the throttle 12 inches from the gear lever at
the closest position. Spacing between the wall and the chair in the
stall in which the subject worked was 1imited and he consequently
tended to move forward to a position 6 inches closer. This reduced
the eye-to-panel distance and throttle-gear separation. This gear-
throttle proximity error seemed a more important factor than their
dimensions. This proximity error showed up for all controls. The flap
and wing sweep were placed on opposite sides of the panel to minimize
errors due to their similarity of shape and movement but this also was
significant. Several times an improper control movement at one point
caused subject confusion with possible response and actuation errors

when the next use of that control was required.

Recording and Observer Errors

Also present were equipment and observer errors. The observer

monitored equi ment and watched subjects for over four hours every day,

39
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trying to record and interpret their errors, while also conside’ ing 1

equipment operation. He also reset and tested the ehuipment and ' ?
recorded its operation. No doubt fatigue played a role, especially
later in the day. To complete runs as fast as possible, the subjects | -

were started on succeeding runs as soon as the observer could get back

R NP A

to his seat. There were slight observer distractions as the runs |
started and these and the time delay for close concentrationlmight : )
; have caused him to miss errors early in the sequence. He also might

have missed indicators of proper control movement. Thesz wers ) |

as clicks into detents or the absence of clicks as controls were

e e ks Plbrala oal,

actuated properly. A1l these little possibilities became signi.
when unexpected Esterline-Angus recording errors and its reduced - st
y reliability appeared.

. On the last six runs of the testing, when the gear was to be

lowered at a 195 knot airspeed, the recorder showed an error. It

indicated that the gear was taken out of the up position but never

1 went to the down position. The subject was not rushed on these

particular runs, in a situation when he might have sfapped at the :
I

control and would not have completely activated the control. The n

observer vias sure that the subject had completely moved the gear

lever in most of these cases and was not developing an error habit.
; | ,
Also the Esterline-Angus several other times exhibited what was
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determined to be group erroneous signals. For five, almost consecutive -

runs, the recorder showed no blip at Wing Position 60° when required,
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thus iindicating a position between the 40° and 60° detents. This

should have meant that the subject left the selector at 50°. On the

| !

next step when the subject prought theé control to 20°, the recorder
=shqwedia bl%p at 60°, as though the control had gone through that
position. Since 60° was a Timit position and the subject would not
.go through it going to 20°, foh this series of runs it was judged
there was no subject error. Efforts to duplicate this situation and
Esterline-Angus error ind%cations vere.unsuccessful.
The fabufat{on of errors is shgwn in Table VII. It i. hr. en
down by day for each panél and subject. Each block of the +-- .iction
shows the actuatipn plus response error totals for each parei, subject,
day, ahd test. Téb1e VIII gives the corresponding number of runs
madelfor each subject and day. Subject ‘tardiness, equipment problems
Iand the 12 training runs given the first day prevented an equal dis-
tribution of runs the first week and any comparison of daily errors
should consider this,
) ‘Subjects 2 and 3 trained on Panel 1. For the first week subjects
3 and 4 ran Panel 1. They rotated panels the second week. There
were 12 traiding runs the first’test day on the panels on which the
;ubjects were to bégin thé test. For subjects 2 and 4, these 12 runs

were their only runs on the particular test panel, before the test

began. Shbjects 1 and 3 got to train and practice on the panels they
began the test.
The results did show fewer errors on Panel T, substantiatina the

general design preference, although this was hardly adequate validation
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Table VII

Test Errors

B it L 3 8 hic % acdaidcat £ MIRELE B I ARG Can LAnbat RNl A Mo [ ena i it ol

Day | 1 2 3 4 5 6 Totals
1 241 0 1+3 246 0+6 0+9 5+25
Panel
2 0+8 4+1216+10 | 240 2+1 0+2 14+33
S 1 0+5 243 {4+6 1+5 0+4 0+7 7+30
U
B 2 0+3 249 |2+4 1+1 0+2 0+2 5+21
J
E 3 240 0 142 240 1+1 0+2 6+5
[
T 4 0+1 0 0+1 0 140 0 142
*First number is Actuation Error
Second number is Response Error
2+1 means two Actuation Errors
and one Response Eiror
Table VIII
Test Runs
Dayl{ 1 2 3 4 5 6 Totals
1 25 32| 33 30 30 30 180
Panel
2 18 331 39 30 30 30 180
S 1 9 161 20 15 15 15 90
U
B 2 q 171 19 15 15 15 90
J
E 3 10 171 18 15 15 15 90
c
T 4 15 151 15 15 15 15 90
Runs Totals |43 65 72 60 60 60 360

+12
Training
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Total errors did decrease the second week and observations of the
subjects and interviews with them later confirmed that learning was
still taking place. Unexpectedly,the best performer had to shift
panels for testing and the worst performer remained on the same panel

he had trained.

Effect of Non-Subject Errors

Unfortunately malfunctions of control, display and recording
equipment were numerous enough to sericusly degrade test results if
there was not considerable redundancy in error observation. This
probability led to the early decision to observe every run, manually
record errors, spot-check and monitor equipment, and carefully interpret
Esterliie recorder readings. This error analysis resulted in an ervror
tree (Figure 9, for Panel 1).

To be counted as an error, a correct action had to be incorrectly
recorded, interpreted, and observed; or, an error had to be correctly
recorded, interpreted, and observed. 0f course there was a great deal
of interplay, especially between interpretation and observer detection
but simply, tine RsQrQiQo represented incorrectly determined errors,
line QsRrRiRo represented properly determined errors. Analysis of the
recorder before and during the tests indicated it had an accuracy of
0.999 (20 errors in more than 18,000 movements). Psychology literature
continually emphasized observer accuracy of 0.85 (although 1 dispute
this low figure) and events during use of the Esterline-Angus pointed

to an interpretation accuracy of 0.95. Using these numbers and analysis,

43
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Subject Response 5 Errors
{ Qr
Esterline-Angus
Recorder R=0.99y 2,0
{ Eliminated
1
) Qi Ri Qi
L Esterline
3 - bl
i Interpretation, R=0.95 1 5 )
: : Eliminated
Ro 0o Ro Qo
Observgr
Detection, R=0.85 1 4 1
Eliminated Incorrect Jahulated  Missed,
—
Actual
Subject
Error
Fig. 9
Error Analysis Tree
]
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ez

the 20 indicated errors on the recorder were reduced to one actual
recorder error which matched the one error missed by all the redundancy.
This is approximate logic, used only to verify the magnitude of error

determination, not substantiate exact numbers.

Panel Analysis

Table IX shows a conversion of reliabilities (from the Data Store

Index) to errors for 10,000 uses. For each step of the checklist, the

indicator and control pair is listed plus the errors for 10,000 uses

and a resultant reliability for the pair. This reliability includes an

RO T TP ORIy : G ey 2y

identification-discrimination effect which is approximately two errors
per 10,000 uses. Interestingly enough, the product of these three
high reliability nurwers is closely related to the sum of errers

per 10,000 uses. The product is almost equal to the ratio of 10,000

:
i,
i

minus the sum, over 10,000.

As the AIP Data Store indicates, most errors could be expected
fro.. the gear and throttle levers; the experimental results agreed.
If the data for a lever {as it does for some components) contained a
parameter for proximity and/or similarity of controls it would be
possible to evaluate this effect.

According to the Data Store, the most numerous display errors
could be attributed to the semi-circular scale, vertical velocity.
The qualitative manner in which this was used (asking the subject to
read whole 1000's of feet within +200 feet) seemed to reduce this

error.
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“ahle IN | -
Panel Ana]ys{s - AIR Data | . ?
- Panel 1 ' panel2 SRR
indicator-Control Pair Errors . Reliability Errors Reliability , ‘
1 Light & Brake Button < 9+8% = ,9931 13410 = .9975 ! i
2 Airspeed & Throttle Lever 82414 = .9902 82420 = .9896 - |
3 Airspeed & Nose Position | 15;14 = .99¢€9 ) 17420 = .99?] , ' ‘;
4 Airspeed & Thrott1g Lever 82+14 = ,9902 | 82+20 = .,9896 !
5 Vertical Velocity & Nose i5+T49 = .5834 ¢ 174152 = ,9829 i
Position ‘ : i
6 Altitude & Gear Lever 174458 - = .9766 ! 17;+86 = .9734 |
7 Altitude & Brake Button . 9+58 = .9931 13+86 '= ',9899 ' i
8 Vertical Velocity & 214145 = ,9828 44+154 = 9802 ﬁ
Flap Control .
9 Airspeed & Flap Control 21413 = .9964 44+20 = ,9936
10 Altitude & Throttie Lever ' 82458 -~ .9859 : 82486 = ,983] i o
11 Airspeed & Ying Sweep 14+14 | = .9970, 19+¢20 = .9959 !
12 Aititude & Wing Sweep : 14458 "= .9926 19+86 = ,9893 '
13 Altitude & Nose Position 15458 = .9925 17486 = .9895
1 14 Vertical Velocity & 82+149 = .,9768 824152 = .97¢5 ' i
§ Tnrottle Lever _ ' _ : . g
i‘ 15 Airspeed & Gear Lever 1786414 - .9810 179+20 = .3799 z
| 1€ Altitude & Flap Control 21#58 = .9919 44486 = ',9865 j
17 Vertical Velocity & 144149 = 9835  19+152' = 9827 :
1 Wing Sweep . S '
Panel Reliability 8251 C L7070

*The numbers represent the expected ervors for 10,000

uses for each component. Hence, 9 errors could be

expected using the 1ight, 8 for the brake button and -

2 for discrimination, yielding a combired reliability |
of 0.9%21.
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E ;, ’ oo ' A table of actuation error rates for the system components is {
; shown. Componenis are listed in the center and Data Store predictioﬁ '
l. ! and éxpertimental results for acfuﬁtion errors are jisted. All actdation ' :
: érro;s with Panel 1 were with the thfotf1e. For Pa;e] 2, errors were ;
' made with'all the coptro]s, except tﬁe brake button. Since the air- | ;
| speed was a comhonent Sf:throtﬁlé, it was not évaJuated per se. E
{ Pr?bably a more accurate analyéis would give more weigyt to response é
: errors and éonseauently a closer approximation to.the‘Data Store ;
- : valles. : : ' : | ?
, ' Tagle X (
E ! . Comparison of Data Store and ‘
1 ' System Component Reliability .
v Panel 1 . Component _ ggggl_g, :
, Data Stcrg Experiment | Daéa Store Experiment ;
0986 1.0005 Counter  .9980,  1.0000 ' %
' .0992 1.0000 | Light ’ | .9990 1.0000 |
E 9942 1.0000  ° Linear Scale  .9914 1.0000
; | .9851 1.0000 Semi-circular  .9848 11,0000 _
% .9986 . 1.0000 Knob 0981 9926 .
9918 .9907 ©  Throttle’ 0918 9907 |
'+ | 9826 . 1.0006  Gear 9821 .99%6 :
¥ ;9991 1.0000 Brake Button .9987 1.0000 ;
E : 9979 1,000 Rotary Selector /9956 9975
k ' .9985  1.0000 ,  Toggle Switch ,9983 .9926
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Subject Debriefing

The subjects were questioned after the experiment. They agreed

that the throttle and gear proximity and wing position and flap

control similarity were prime error effectors. The altimeter was
the most difficult to read yet its indication jumps drew their

attention. They felt the training was adequate.

When asked about the specific purpose of the panel, most felt

it was to test the equipment, panei design or readability. One

PP VAT ST SRR YU I SOV

man gussed that the purpose was to determine subject response to

different controls, timing, and errors.
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VI. CONCLUSION

A system was designed, built and operated to validate human
reliability data. A great number of variables appeared in the design
and operation of the equipment. These variables were eliminated,
avoided, controlled or reduced to the point they had minimal effect
on the evaluation of subject performance. Equipment operating
instructions in Appendix B would maintain the best equipment per-
formance obtained during the study. The experimental results would
be imporved considerably in an area with more constant voltags and
with the recommended equipment improvements.

The subject comments and their performance indicate that the
pacing and timing evolved for the runs were good. Their overall
performance improved only slightly during the testing and their
comments indicate that the pre-test training was adequate

The redundancy used to determine actual errors proved to be
the most valuable foresight. Further studies might film the subject
from an angle which would allow subsequent recheck of his movements.
This would eliminate observer error and allow for permanent records
which could be analyzed in any desirable manner. This would be
particularly fruitful for problems that occur after testing had
begun and the procedure could not be altered.

The relative validity of the AIR Data Store Index and some of

the instruments, indicators and combinations were confirmed for the

1
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two panels. The system could serve as a broad base for further
research on the parameters of individual indicators and controls.
Simple tasks could be performed by masking or removing many of the
indicators or controls. This would allow a larger number of short
runs for statistical analysis of individual units and combinations.
Using the panels as a breadboard, variations in dimensions and
instruments could be studies. Pacing could be varied and the reaction
times correlated.

Population averages and variances of error could be obtained.
With the data collected, different mathematical models could
be derived to predict reliability. Basic human error rate data
could be generated.

The variables of equipment operation could be carefully analyzed
and the test equipment and results improved. The various error
effects would be a fruitful study area to improve methods and
validation. Particularly useful might be the respoiise errors as
defined and measured in this study.

Ouantification of human reliability data is a young and fertile

field. Hopefully, this study has added to the enrichment of that

area.
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Appendix A _ b
t N A
. 1
Observation Sheet :
GENERAL PURPOSE DATA SHEEY (8 x 10%) . ' :
{70 08 ULED AS A 'OR:I_N!I' OR POR COPY PREPAAATION - NOT 10 82 OVEAPAINTRLD) - :‘ )
OBSZRVATION GHEET _ ' C
=z . . } I
g |nwofrgd cew FLAPS | BRMKE | Noje | Wi ,_ ;
S 13 g \ H
- E . |54 '
& = alelale{ale [alelaje|ale]comes|E : f
LIGHT TS
BB ‘
A/S ING, ;]
100% 100
75 ' . i
NOSE .
90
110% 100 .
v ! )
[NOSE NOsE
300 : . ;
[GEAR GEA .
550
BB BB H i :
v/2 : g
F30 F30
120 ;
FQ ' FO . \
1700 .
100% 100 o
145 WS ]
WS40 —_— 40_| 4
2550 WS : ‘ 4
Ws60 60 4]
2800 1
NOSE Nos§ :
v/l
80% 80%
195 : :
G G ' ’
3100 . :
F60Q F60 ;
v/0 WS .
ws20 _ 20 . ,
i
l
i
! ! ;
~ ]
) !
- | d
J 1 N
ARIY :::‘.‘. 1 REPLACES APIT PO 03, JAN 49, FNICH BAY 88 UILD. ALWPALIS §) 3 . t B
Fig. 10 i.

Observation Sheet
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: Appendix B

I

Instructions

You are being used'ip an experiment to measure human performance.
Following a checklist, you will obserye indicetors and operate controls
on two panels which resemble an airplace cockpit panel. These
panels each have the same 1ocation§L The dimensionsland other para-
meters of these:indicators and confro]s varj for the panels.

) You will be trained to ;perate a panel in a manner similar

to an aipcraft sequenég from take-off to lev2l-off. First you will

ba given a brief de;criptién of the equipment and the general relation-
"ships to actua]laircraft equjpment. The checkiist will then be

exb1aineé and ydu will oper&te the controls. Thé observer will make a

slow demonstration run and yoﬁ will pe?form the same run. After

training.and practice riuns, -you will ‘perform experimantal runs.

i This first period will last two hourg (with a short break) and

the succeeding fivg periods, one'hour each. Questions will be
5 anéwered anytime during your training. Please complete the questionnaire
.andvarrangg for the next appointment before.prcceeqihg to the experimental

booth.

; Fig. 11
Subject Instructions
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Appendix C 5

General Information ;

1

NAME : 1

AGE: i

|

PHONE NO: %

BEST TIMES TO CALL: j

‘ OTHER TIME DEFINITELY AVAILABLE: :
WILL YOU NEED TRANSPORTATION? |

4

|

H

HAVE YOU PARTICIPATED IN ANY TRACKING STUDIES? |

HOW MANY HOURS (APPROX.)? 1

: WHAT FLIGHT EXPERIENCE DO YOU HAVE? ,

Fig. 12
hject General Information
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Appendix D
Typical Tape Sequence

D i s et

Table XI
Sequence 24(S24)
Time Relay Checklist
(Sec) Action A/S Action Relay Action gives indicator being
activated. A/S, Airspeed.S/0, S/1,
1 S/1 Brake Button S/2 are the airspeed motor speeds
2 S/0 2 of 0, 2 KT/Sec, 4 KT/Sec. V/0,
3 S/2 100% V/1, V/2 are vertical velocity
19 S/0 66 indications of 0, 1000 FPM, 2000
20 S/2 Nose Up FPM. A-1, A-2, . . . are altimeter
24 S/0 82 actuations in increments of 280
25 S/ ft. Checklist Action shows required
27 S/0 86 action by operator.
28 S/ 100%
32 S/0 94 94 S/0 150
34 S/1 96 S/i
37 §/0 100 97 A-8
39 S/ 98 S/0 154
42 S/0 106 99 S/2
44 V/1 Nose Up 103 S/0 170
45 S/1 104 A-9 Wing Sweep 60°
47 S/0 110 105 S/
49 S/1 107 S/0 174
S/0 112 109 S/2
A-1 Gear Up 110 S/0 178 Nose Down
S/1 M A-10
S/0 114 112 S/2
A-2 Brake Button 113 V/2
V/2 Flaps 30° 115 S/0 190
S/ 117 74 8n%
A-3 Flaps 0 118 S/
S/0 124 121 S/0 196 Gear Down
A-4 100% 123 S/1
S/0 130 128 S/0 206
S/1 129 A-1 Flaps 30°
A-5 130 S/
S/0 123 131 S/0 208
S/ 132 V/0 Wing Sweep 20°
V/3 133 S/1
S/0 142 135 S/0 212

A-6 100%
S/ Wing Sweep 40°
$/0 146
S/
A-7
57
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Appendix E '

Equipment Operating Instructions !

. To give the most useful information on operating the equipment :

and to help avoid or minimize several minor complications, the é

[ following checklist might be used un.i1 the observer is familiar §

with the equipment operation. é

[ One hour before subject run time (warm-up) é

1. Plug motor speed control and Timers 2 and 3 power into 3

: !

Sola transformer (most critical sources to control). }

2. Plug in Esterline-Angus, Timer 1 (2 plugs), Tally reader, %

and Control Chassis into 115v a-c (5 connections to 115v}. §

3. Plug Sola transformer into 115v a-c. (Be sure Tinmer 1 ]

. is plugged in before motor control is on or airspeed j

; E

3 will oegin to run if Panel 1 is connected.) i
(1 connection to 115v a-c)

4. Plug 400 cycle connection into wall outlet. ]

E Fifteen minutes before subject run time . %

§ 5. Start 400 cycle generator j

F Restart Sequence 1

Hunter Timer #2 Interval, ON é

Esterline-Angus Recorder, OFF 3

Aicrspeed, Reset i

Timing, Set i

Hunter #3, OM :

Tape, Check

Airspeed, Run

Hunter #2, ON

Esterline-Angus, ON

Panel Airspeed Counter, Recheck

D2WOWONOOHWN —

ot
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: Appendix F (
recording Equipment
Table XII
Esterline-Angus Channel Functions
Channel Function
1 Brake
2 Throttle Idle
3 ~ 73%
{ 4 ~ 80% j
i 5 90% |
5 100% !
7 110%
8 -
9 Nose Up
10 Nose Down 1
n Gear Down %
12 Gear Up :
13 Wing Sweep 20° f
14 Wirg Sweep 40° é
15 Wing Sweep 60° ?
16 Flaps Q¢ g
17 Flaps 30° ;
18 ' Flaps 60°
19 Altitude Reference
20 Time Reference (Sec)
59
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F ;
F g
‘ BRAKE LITE CIRCUIT ;
TALLY CONTROL i

CHASSIS TB
: , EXT, FUD. ;
4 i
g (854)  (A¢8) 29 — 20 PIN PLUG .
i
N v <63 8 Jhcx _
v v ‘.
BRAKE s 4 PIN :
SYITCH +aev " S kg i
3 RELAY TREE +28V o Wa8) {654) ~
CODE NOIT , :
[ — - 5 e —————— :
PINPLUG (c32) BRAKE !
LITE i
HOLD THRU i
RESET RELAY i
(SEE A/C CIRCUNT) 3
‘ WING SVEEP CIRCUIT :
N '2 "IN j
JONES KO3 1
2 !
10
: . o3 0RE o :
(o]
o SORI3 o

1 +28V EROM FLAP {854) {a48) ;
SUITCH ARM
CHIS |E.A. 40 R
CH 14 38 P :‘
CH13 [REC 36 N
.
-

! Fig. 19

Ny Brake Lite and

Wing Sweep Circuits
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ESTERLINE REFERENCE CIRCUITS

ALTIMETER REFERENCE

UNUSED CHANNEL.

(19)
_ (A26) E.A.
o3
ALTIMETER RELAY
TIME REFERENCE
oo’
-61 ©
(€32) (A26)
—{ 11~ % %

JACK PIN PLUG

Fig. 21
Esterline Reference
Circuits

{20)

!

# NECESSARY EXTRA WIRES ARE IN CABLES FROM A26 &:C32
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VITA

Edward Low was born on 11 July 1933 in Marysville, Ohio. He
graduated from Marysville High School in 1957 and the Unit 4 States
Naval Academy in 1955. Commissioned in the USAF, he received his
Pilot Wings in August 1956 and a Navigator-Bombardier rating in
March 1957. He flew as a co-pilot and aircraft commander in the
B-47 at Lockbourne Air Force Base, Ohio until his entry into the

Air Force Institute of Technology in 1965.

Permanent Address: 120 South Ccurt Street
Marysville, Ohio 43040

This thesis was typed by Mrs. Doris G. Brown
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