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THTRODUCTION

THE EFFECTS OF DISPLAY VARIABLES & SECONDARY LOADING
Jex and McDonnell (4,5,6.7) developed & neritical" tracking task for may/

ON THE DUAL AXiS CRITICAL TASK PERFORMANCE®
machine research rslated to the opszator’s effective delay time. The auto

1ds consistent, reliable and

paced single axis critical task mechanization yie.
Swisher

jance measurements of the oritical levels of instability.
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George M. Swisher S. Nastaras)
Wright State University Sinclair Community College and Maher (10) investigated the degradation of human operator psychomotor per~
Daytomn, Ohio :
cmance and human information processing due to secoprary loadfng and environ=

Dayton, Ohic
sses of heat and noise. gwishezr, Bethke and Cook (311) studied the

tical tracking task dus to intermittent display.

;mental stre

ABSTRACT
-operator perforzance of czi

iscLssed the development of the dual-axis
critical task and have

eritizal tasks and the effects of display formatr and control stick varia-
tion. This paper ilnvestigates the efiects of scanning displays for sepa-
rated instruments, sSeparated versus coabined displays and the effects of
gsecondary loading. In additionm an operator rating scale for handling
qualities 1s established analogous to the Cooper Harper Scala.

Jex, lewell and Allea (3) @
Allen & Jewell (3) have workad on dual axis

Jex,

investigated different symbol formats and aifferent control sticks (force stick

and a softly-sprung finger control gtick). 7The sameé autopacing principle and

parameters as used for the single-axis critical instability tasks were used.
This paper investigates further the dual axis critical task for variations

of mmber of controls and daisplays and also investigates the sttiss sensitivicy

of critacal tracking tasks for secondary loading.
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METHOD
Subjects
& Th's research was made possible by the loan of analog computing equipment

from the Air Force Directorate of Airframe Engineering, Flight Comntrol
Division, Wright-Patterson Air Forca Base, Ohio. The authore acknowledge Six male college students were used as subjects. All the subjects zeported
the help received from Bill Bohrer, M. J. Cook and John M. Howard. This
paper was presented at the 9th Annual Manual Conference held at M.L.T., 20/20 (un)correctad vision and freedom from auditory and psychomotor dsficiencies.
Boston During May 23, 24, and 25,

Subject age ranged from 20 to 23 years of age.
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Pigure 1 shows the block diagram and Pigure 2 shows the analog mechaniza-
tion of the no input dual axis critical task using two BAI-TR-20 10-volt analog
computers in a slaved configuration. The displays used were two Hewlett Packard
122 A scopes set at 0.366 cm/volt sensitivity. The control sticks were identi-
cal U.S.A.F. type number C-1 Pormation Sticks with + 10.0 volt cutput. The
stick was calibrated for a sensitivity of 4.16 volts/Newton. The C-~1 formation
stick was cascaded with a 0.53 potentiometer to make it compatible to the con-
trol stick used by Jex. The resulting stick system had a sensitivity of 2.413

voltsNewton.

Testing

A repeated Latin-Square design was used to assign the order of presenta-

tion for the different conditions (Table I).

The distance be the ters of the two displays was 10", The dis-
plays were at a height of 40" fram the floor and 84" away from the subject.

The distance betwsen the controls was 20". The displays are listed in Table II.

Each subject was briefed concerning the experiment and his task prior
to training. The subject was first given one set of telephone test (4 trials;.
The subject was then given > trials of the test task for training, fellowed by
3 trials of tracking alone, 6 trials of tracking and telephone and 3 trials of
tracking alone for each of the eight conditions. The telephone test alone was

given only oace.

TABLE I

ORDER PRESENTATION OF EXPERIMENTAL COMDITIONS

Subject _Sequance
Line Display Dot Displey
1 1 2 3 4 L 6 7 8
2 2 3 4 H 1 7 8 6
3 3 4 5 1 2 8 6 7
4 4 5 1 2 3 (] 7 8
5 H 1 2 3 4 7 8 6
(] 1 2 3 4 5 8 6 7
Instructions to the Subjects

You will be given either a lins or a point display on ons or two oscillo-
scopes. You are also given one or two joystick controls. Por esch trisl, the
display is brought to the center by the experimenter. You are told "Ready, go",
and then the display will tend to get away from the center. Your primary task
is to keep the display on the oscilloscope centsred for as long as poesible by
sanipulating the joystick motion forward and backward, 6z sideward, depending
on the display motion. «hen you lose control of the display the trial {s com~
pleted. The duration for which you hold the display within the range is the

eriterion.

Por some trials you will be given s talephone test simultansously with
the traaking task. You are asked to listen to a series of messages which are
logical statements. The letters used are £, O, R and § and the words used are



Feedback
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Figure 1. Block Diagram of Dual Axdis Critical Task.

-267~



- == === T=="====77

y

| Attt
1
¢
|
[

~jOV 0.1
. ! o
sSwl
PACER RFESET

g |

| ABSOLUTE VALVE CIRCUIT

v cwn’u’a[‘f O
DF{C_
- “‘—

|
_—1..
|
T
-

Tl i TIMING CIRCUIT M= 777 TV crimicaL Task GrGT ~— ~ 1
I ' -
t

t
PE. STICK | ‘ .
SCOOE OPER- STICK ' X Vo .
| ATCR | @ ' } X_| %SU' ‘ED N i:
b . - :
. -t

[ .

SCOPE OPFA~ STICK ' Y 1 o
) 1 .
i ‘ A oA @ ) D .”' y
\ []
'
U SO {

Figure 2. Analog Computer diagram of task.
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TABLE It

Taacking DispLay CodITIONS

CDITION 1 ? C_?

CODITION 2 @ @

CONDITION 3 @ (_D

CONDITION 4 @ @

> &>

CODITION 5 QL@

CODITION 6 @ @
! 1

CONDITION 7 <-—>® ¢
CORDITION 8 @
e
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"precedes”™ and "follows". Note that the order in which the letters come in the

alphabet is of no amportance in this test. We are concerned only with their
order in the statement. Your task is to listen carefully to each statement and
decide promptly whether it is rigyht (yes) or wrong (no), then call out your de~
cision.

Provide an arswer for each statement, even if you doubt it. Are there

any questions?

Secondary Task

Th secondary cognitive test used was a modification of the Baddeley
Telephone Test reported by Guignard (12). The subject listens to a series
of pirportedly logical statements, scme of which are in fact logically ab-

surd. The tosk was peced at one statement every S5 seconds and the number

of errors were scored, Omissions of answers we.« onsidered as errors.

The tracking performance measurer recorded for each tracking run were
T (total run time), A (critical divergence frequency),and tg (time of rate
shift on autopaced task). These voltages were read on a Fluke 8000 A Digital

Multimeter.

_EesuLts

Tre descriptive stat .stics are presented in an iategrated tabular and
graphic form. The graphs show the mean and the standard deviation of scores.
The tables, located below the graphs, present numerical values of mean and

standard deviation.
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Critical Divergence frequency (Lambda, 1)

The critical divergencs frequency A is defined as that divergence fre-
The results shown in Pigure 3 indi-
cate that the mean A did not vary much and the largast variability was

quancy vhen the subject loses control.
observed in cnudition 6 (both tracking alone and combined). All bwt com-
dition 1 showed a4 degradation in performance with the secondary test added.

Total Trackiag Time (T)

The total tracking time (T) ie defined as the time from the onset of
tracking until one of the errors exceeds the display.
show=. in Pigure 4. The highest tracking times were recorded in coundition
6 with no telephone test.

The results are

This condition also had the highest varisbility.
All conditions showed a degradation in performance with the secondary test
asdded (except condition 1 and 2).

Rate Switching Time (t.) .

Switch’ng time tye represented the time from the cuset of a trial
unt{". the irstantzsecus sbsolute system error reached the level at which
the iunstabilicy rate switched from high to low rate. Grouop parformence
as defined by the switching tine score is shown in Figure 5. Condition 3
4 and 6 ylelded high scores but condition 6 had the Lighest varisbility.
Secondary loading caused a degradation in performance for all conditions

except condition 1 and 2.
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CONDITIONS 1 2 3 4 5 6 7 8
Mean Tracking Alone 1.5C0 1.5%9 1.579 1.577 1.562 1.616 1.552 1.578
Combined 1.544 1.552 1.545 1.560 1.540 1.601 1.535 1.534
st Dev.
Tracking Alone .03217 0.04941 .0791¢9 .04838 .07908 13911 .04141 .09402
Combined .1035 .04805 .04v95 .08111 .10402 ,11438 ,03391 .05366
N 3€ 36 36 36 36 36 36 36

Figure 3. Critical frequency f>r trackiug with and without secondary loading
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T ..] Time T in Seconds

X Combinecd

o Tracking Alono

—q"'ls

—

0 1 L [ | 1 1 [ t
C NDITIONS 1 3 4 L] 6 7 8
Mean Tracking
Alone 4.09 3.98 5.3% 5.3 4.74 6.97 3,93 5.47
Cornbined 3.91 4.02 3.80 4.48 4.03 6.30 3.26 3.52
std. ~v. Tracking
Combined 2.222 2.1363 1.8633 3.475 3.73§ 4.8861 1.3962 2.567
N 36 36 k1) 36 36 36 36 36

Pigure 4.

Total time for t -

<ing with and without secondary loading



Figure 5.

Rate Switching Time for Tracking With and Without Secondary Loaeding

- 473-

¢ Alonu -
X Combined . T
2.0 " - Fq-
-
1.5 - - -
- 'r P °
. P
- x - L
- xR ®
l .
. X
® x
05l I -
J- l J- -
- JL l L
Jb o - J' J- < 'L i
[} [ ] ) ) [ [} 1 A
Conditions 1 2 3 4 5 6 7 8
Mean Tracking 0.8083 0.8639 1,233 1,3028 0.9583 1,2139 0.6417 1.022
Combined 0.8305 1.008 0.8472 1.0194 0.7972 1.1 0.4170 0.6772
Std. Dev. TraCRing Os3236 °u4564 009011 0.764‘. 0.6806 1.1208 005117 0.9
Combined 0.5333 0.9528 0.5028 0.8556 0.6722 1,0694 0.2555 0.4902
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CONDITIONS

Mean (percent) .825 .880 .883 .890 878 .B88 .895 ,866

Std.Dev. (percent) .042 .032 .021 .049 .026 042 LA17 ,016

Correct /Total 152 174 175 170 151 183 162 123
Tor “Tes Thes T T e T e

Figure 6, Correct Responses (percent) on Telephone Test



TABLE III

NUMBER OF TIMES AN OPERATOR LOST A PARTICULAR DISPLAY FPIRST

CONDITIONS
_1 2 3 4 5 6 7 8
LEPT
Tracking Alone 24 25 26 25 24 22 24 21
Tracking Combined 24 22 24 25 23 23 25 22
RIGHT
Tracking Alone 12 11 10 11 12 14 12 15
Pracking Combined 12 14 12 11 13 13 11 14
N 36 36 36 36 3¢ 36 36 36
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TABLE IV

PERFORMANCE RATING SHEET

Please indicate by circling your choice rating in the scale 1 through 7, as to the ease of operstion.
Number 1 indicates "least comfortable" and number 7 indicates "most comfortable”.

1. Two Controls, Two Displays (line) in vertical direction, Two Oscilloscopes 1 2 3 4 5
2 R ” " ” ” (Dot ) ” ” L1} " " 1 z 3 4 s
3' " " " " (l:lne) " hor:lzontal " [ ] " 1 2 3 4 5
4, " " " " (1ine) at right angles to each other Two Oscilloscopes 1 2 3 4 S5
5. Ome " " “ (1ine) at right angles to each other " " 1 2 3 4 5
6. Two " " " (dot) One Oscii. scope 1 2 3 4 5
7. Ome " " " (dot) One Oscilloscope 1 2 3 4 5
Rame

Date:




Performance Rating Scale:

A performance rating scale (Table IV) was given to the subjects to
indicate their preference of each condition on & "one" to "ssven" scale
with “oze" indicating the least ~onfortabla and "seven" indicating the
most comnfortable. Table V shows the mean scores for sach condition.
Couditione 1 and 6 were rated best and the total trsaking time for con-

dition 6 ag:ees with this result. The total tracking time for condition

SUDJECTIVE RATING OF TRACKING CONDITIONS

TABLE V

Condition Individual Retings Msen Rating
8 was the least and the subjects rated condition 8 as the most uncomfort-
1 6,7,6,5,7, 6 6.1667
able. Conditioms 2 and 3 veres rated low because the anthropometric motions
involved in moving the sticks were perpeudicular to sach othar. 2 2, 4,1, 4,3, 4 2.8333
Lose of Diaplay 3 2,4,1,2,3,3 2.5
4all the subjects used wers tight handed. It was noted (Twole III) that 4 4,3, 3, 4,23, 4 3.5
the display controlled by the left hand was lost first in approximately an
© 7 v y H] 3, 3,3, 7,31 3,333
order of 2 to 1 compared to the display controlled by the right hand.
6 6, 7,6, 7,5, 6 6.1667
Telephone Test
7 3,2, 3,4,2,13 2,8333
Pigure 6 shows the subject consistently paid attention to the secondsry
loading. The mean correct response to the telephons test in all conditions 8 3, 3,3, 12,2,1 2.1667

d1d oot vary much in ita rangs. The largest variability in mesan correct re-
sponse, occurred in conditions 1, 4, and 6, in which the direction of wmotion

of the two displays was the same.
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CONCLUSIONS

¢ critical divergence frequency (lsmbda A) wss not affected by
-2ty loading. The secondsry losding produced e degraded perfor-
™ ¢ in total tracking time and slso in ratw switching time (except
‘e condition 2) for all conditions. A lmrge variability was noticed
io condition # which may be due to the fact that this condition was
tated to be the most camfortable one. The subjecte showed e preferance
to the ‘ot display with the display moving in the verticsl axis. The
subjects snowed a high correctio. percentage in the telephone tast show~

ing that they were well motivated for the task.

RECOMMRNDATIONS

The results of thim research support that Jex's critical task can bs
used in evalustion of operator's performance measures in dual-axis critical
tracking task. In experiments of this type, it im recommended that a = <ed

hand dominant population be used because as exemplified in “is ressarch

the left display was lost in a 2 to 1 ratio compared to the right display.
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