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FOREWORD

Tnls report represents a study designed tc investigate the
effect of practice, exposure time, and individual variability on the
precision with which an individual cen slizn two straight edges,

This report was prepz-ed by the University of Wisconsin under
Contract No, AF18(600)~5/;. The contract was initiated under 2 project
identified by Research and Development Order 69L-1Q, “Human Engineering
Regearch on Fire Control and Missile Conirol Systems." The contract
wae aduiniviered by the Psychology Branch of the Aero Medical Laboratory,
Diractorate of Ressarch, Wright Alir Development Center with Mr. Yelvin
J. Warrick acting as Project Engineer.
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The efiect of practice, individual variability, and duration of exposure
on the precision with which a subject can align two straight edges was inves-
tigated. ¥or untrained subjects, precision becomes poorer with decrease in
either duratior of exposure or luminance. Some supjects improved their per-
formance with practice but the average acuity values for 32 subjects showed
no significant changes. Individual differences with respect to practice and
to the variables of 1uminance and exposure time were unusually large.

PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR THE COMMANDER:

lomrcstvetinee. GE 5 FA L)

/4 JACK ROLILERUD

Colonel, USAF (M)
Chief, Aero Medical Laboratory
Direotorate of Research
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INTRCDUCTION

In the first paper of this series of sxperiments, the relationship
betiecen several stimulus factors and the precision with which g zubject
can align two straight edges wes reported (1). The present report repra-
sents an extznsion of this study to include the influence of exposure time
and individual variaoility on such vernier sdjustments. Because of the
high accuracy of vernier acuity, the possibility of utilizing veranier con-
figurations to present irnformation on a display is suggested. In this re-
spect it is of interest to know how verzier discriminations are affected
by poor viewing conditions. In particular, information concerning the
effect of short durations of exposure would te of value since previous
investigators have reported that unlike other measures of visual resolution,
a deterioration in vernier acuity results from brief exnosures which
apparently can not be improved by increased luminance (2). It is also
important to know how the precision of vernier adjustments varies in a
population of subjects, most published reports having been based on data
from a few individuals. The use of untrained subjects would also perimit
analysis of practice effects and would be helpful in predicting performance
on tasks requiring vernler discriminatiors.

APPARATUS AND PROCEDURZE

The apparatus employed in the original experimentz was medifiesd by
the sddition of & rectangular border to the test field o aid in orienting
the eye,and an artificial pupil 2.5 zmm iun diazmeter. FProvision was also
made for presenting the vernier test objects for hrisf durziions of expo-
sure as vell as continuously.

The stimulus bars as they appear tc the sublizcis are schematically
diagrarmed in Fig. 1. The bars, viewed in transmitted light, are white
and zach subtends 7.16 minutes of arc in width and 35.8 minutes of are in
iength at the viewing distance of 10 feet. The inner bourdaries of the
fixation border subtend 28.7 by 100.3 minutes of arc and the w’dch of the
bordzsr is 28.7 minu%es of arc. Continuous illuminstion of the test object
bars is provided by a 200 watt projecticz bulb drawing 1.6 amperes A. C.
Exposure of the bars for .0002 seconds ic accomplished by discharging 100
microfarads at 450 velts, D. C., through a F. A. 104 Sprague electronic flasa-
tube. The fixstiocn border is illuminated by a fluorescent light.

The subjJects are introduced tc the apparatus by first showing them the
stimilus field with thz bars illuminated continucuzly and not in aligoment
{Fig. 1A). ‘They are told that their task is to adjust thes upper limb of the
test object, by means of a knob, so that the edgss of the bars colncide (Fig. 1B).
In order to be certain that the subjects understand, they are allowed to meke
one adjustment before beginning the experiment. For experimental sessions in-
volving the short duration of exposure, the test object is illuminated every
five seconds and the subject attzmpts to align the test object limbs hLetwzen
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succeszsive exposures, Retween flashss; only, the fixation border is visitls,
After g maximum of 10 flashes, the position of the upper limb i3 recorded
frem a micromever, ths upper limb is offset (randomly to the right amd to
the laft), and the procedure is repeated. Wovement of the control knob {one
inch diameter} through one revolution displaced the upper limb of the test

Sbyect by 2? sscords ol are,

Caiioratiun of the luminance procicsd by the flash tube could nol be
done in = cuavetvional mamner because sf the extremely short duration. In-
stead, the avsov.ute thrasholid for the test object was determined for both the
fiagh and for ccntimuous exposure with tlie incandescent source, Luminancs
speeiflcrtion fer the shurt duration i:c expressed relative to the absolute
thrz3hold for the flash, The correspording value for the incandescent lamp
18 UL miilf amberte The maximum luminancs produced by the continmuous source
was 425 ¢illilamberts, the fixation border was always one half this amount,

PRELIMINARY EXPERTVENT

Three unrained subjects, male undergraduates who were paid for the’r
services, were rejuired to make ten vernier adjustments at the short duration
of axposure for luminance levels of 0.7, 1.2, 1.7, 3.2, and L.7 logyp units
above absolute threshold. Tan minutes dark adaptation pr«ceded each experi-
mental session afier which the luminance ievels were tested in ascending order,
This procedure was repeated for four consecutive days. As an inverse neasure
of vernier acuity, the standard deviation in seconds of arc of the ten coinci-
dence adjustment was computed, The individual results are presented in Table I
and the average curve in Fig. 2,

The average curve exhibits the same relationship as previously reported
for unlimited duration of exposure {1) and by Baker for an exposure duration
sf .02 seconds (2). The variabilitv of coincidence settings decreases with
increagse in luminance ievel, rapidly at first and then more slowly as the
cz+ve approaches a limiting value, Thy individual data reveal that there is
immrovement in performance from session one to session two for all aubjects
at 211 levels of luxinance except the lowest, at which one subject showaed
no decrease in variahility. There are no consistent tremds in ixprovement for
the remaining two sessions., Of interest also are the valvas of the best scores
for the subjecis Dt and Bt wihdsh are az gcod or better than the best acuities
previously reported for unlimited duration of exposure with the same apparatus (1).

MATN EXFERIVENT

»

In the light, of the preliminary results,; it was decided to investlgate
the effect of practics while coumparing performance at the short and unlimited
duration of exposure and for only two liminance ievels, A total of 32 male
undergraduates serving for pay were each assigned randomly to ons of four
stimiius conditions of long-dim, long-brighi, short-dim, and shorte-bright. At
the long exposure, the luminance value of the test object wes 1125 millilamberts

for the bright condition and .085 millilambert for the dim group, the test

3
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TABLE I

Standard Deviation of Vermier Adjustments in Seconds of Arc ae a Function of

Luminance, for Four Experimental Seasiorne. Duration of Exposure wWas .002 Seccnd.
Lundnance
Subject Session (Loglo Units Above Threashcld)

0.7 1.2 1.7 3.2 b,7

1 45.6 25.2 16.8 16.8 21.6

Bt 2 30.6 22.2 16.2 12.6 i8.0

3 L2.0 16.8 15.6 23.4 k.4

L k2.0 27.8 18.0 2.6 9.6

al 57.6 27.0 35.4 16.8 15.0

Bu 2 42.0 15.5 16.2 10.2 9.0

3 26.4 15.0 1.4 16.8 k.7

L 2.4 23.4 13.8 16.2 9.0

i 38.4 46.8 45.6 26.4 15.6

Pk 2 Lko.2 25.8 15.0 i0.2 11.4

3 19.2 29.4 25.2 18,0 24,6

L 12.5 13.6 21.6 38.3 21.6

objects being visible comtinuously. For the short exposure, the same pro-
cedure was followed as in the preliminary experiment 2nd the luminance levels
for the two groups were in the same ratio to tbhe absolute threshold as for the
continuous exrosure conditions. Ten minutes dark adaptation preceeded each
experimental session for the dim conditions and five minutes for the bright
Juminance levels.

All suvjects, none of whom were used in previous experiments with the
apparatus, made &0 verniar adjustments divided into eight trials of ten ad~
Justments each. Trials one through four were run on the first experimental
day snd the remaining ©x-iels on the fallowing day. The gtandard devistions
in seconds of arc aye iabidated in Tuiie IT, and the means as a Tunction of

trials are plotted in Fig. 3.

Statistical comparison of trial ore with trial eight, sunmarized in
Table IX, reveals that the improvement in parformance 2emonstrated by three of
the four stimulus groups 1s insignificant. Ccmparison of trial one witk trial
tvo, Tuble I, alsc ckows that all group changes sxe not statistically reliamble.
An overall analysis of variance, summarized in Table V, demonstrates the sig-
nificance of both luminance level and duration beyond the .0l level of confidence.

WADC TR SL=T7 L
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Eacli Trial Is Based on Ten Vernier

Trials (Short-Dim)

TABLE I1I

Trials Cpe to Four Were Run on the First Experimertel
Trisls Five to Eight on the Following Day.

Fouxr Stimulus Conditions.

:vice Ior

L4

Standard Devistion of Vernier Adjustments in Secondsof Arc as a Function of
&
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TABLE IIl

Improvement Measures from Trials One to Eight.

Exrosure Time

Luminance Levesl

o rarginals

Dim Brig..
Ix = 65.63 Ix = -4.32
Short Ix° = 2,995.52 ZIx> = 1,431.57 61.31
£x = 89.32 Ty = 53.82
Long £x° » 3,080.28 Ix? » 966.6k4 103, 1k
Coiumn rarginals i54.95 49.50 204.45

Summary Table (for above dsata)

Source Sum of Squares ar Mean Square
E¥posure 209.26 1 209,26
Luminance level 347.47 1 W7 LT
Interactcion 37.1C 1 37.10
Error 6,573.93 28 234.78
Total T,267.77

TABLE IV

Igprovenent Measures from Trials One to Two.

Exposure Time

Shcrt

Long

Column Mar-rginels

Source Sum of Squares af Mean Square
Exposure 21.47 1 21.47
Luminance level 266.63 1 266.63
Interaction 4s51.28 1 451,28
Error 2,824.31 ~8 101.23
Total 3,573.69 29

Tuninarice Level

Ix = 15.36
Ix2 = 956.85

103.91

Bright

7

-17.72
vx2 = b27.30

{ = 29026
Tx2 « 641,140

5
N
=

1.48

- -

Row Marginals

125,45

Summery Teble {for above data)

*Significant 2{ .05 level of signifisance,
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TABLE V

Acuity Measuras®ag g Function of Intensity &nd Iwsration.

Exposure Time luninance Level Row Margin:1ls
Dim Bright
19,74k8 18.0371
Stort 48.8519,9604 40.9165,4565 37.761¢
18.4901 15.4565 !
Long %2.91356,6125 29.9438,1673 33.3466
Column Marginals 38.2349 33.4936 TL-7205

Surmery Table {for above date

s’

Source Sum of Squares ar Mmsaz Square F
Luminance Level 4596726 1 596726 20.292%%
Exposure . 7024976 1 . 024976 31.0L1#*
Interaction 0549373 1 . 05249373 2.425
Replication 6243187 28 0226531 ===-
Total 1.8514562 Y P i

*%3ignificant beyond the .0l level of significancs,

inspeetion of the individual dats shows that six of -the eight subjects
in the short-dim group improved frcz txiai oze to triall two, while Zie other
two subject.s performed progressively poorer wiik practice. For the other
three stimiius groups, come subjects show irprovement, soare remain the sane,
vhile others become less precise as a function of practice. Individual 4if-
Terences are large, some of the scores in the stimulus group which on the
average gives the best performsnce (lorg-bright} were pooxsr than the best
scores from the group giving the poorest performance (shoxt-dim). W¥With®-=

a given group; liffersnce in scores as large as

~ = B yum
s sgven ¢ <ne are foun

DISCUSSION

The impiovement in the precision of vernier adjustmemts which occurs
for some subjecte ig secen; upon avelysis of a larger group, not to hold for
211 individuals. The imprcovement which does occur is prizarily during the
first 20 adjustments for the short-duration, low luminence level, altacugh
sare subjects for all stimuius conditions become more precise with practiee.
The discrepancy among irdividuals is marked, some showing improvemeni while
others remain the same or perform less precisely with practice. ITundividuai

WADC TR 5L4-77 7



d* Zferences are 2120 unususi.y large. These results suggest ihat further
i.alyeis of vernier performance may J.ead to the identification of factors
»siponsible for these difforences. In particular, it would seem important
to analyze the sfiects of cues signaling the onset of the shert duration
fiash, instruction in "bracketing" procsdure, informaticn concerning per-
®~rmancs, rats of presentatisn of flashas, adaptation level of the eye, and
motivaiians’l fectora #= i{isy influence beth acquieition of skill and the re-

lutive performanss unus: =huri .nd long durations of expisure.

The superioritvy of the long over the short duration of exposure for
ccaparable lavelsof luminance and thes improvement resulting from increased
Zuminance level are in :grsament with the results of previous investigators
(2, 8- &5 acuity function for both exposure conditions decrszses in varia-
hiliity with luminense, capi:dly at first and then more slowly &s it approaches
a limiting value of acuity at the higher luminance valuec. The effect of
- deerzasing the duratisn of sxposure is to shift thie ontire function to
_high values of variability.

WAOC TR 54~77 8
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