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FOREWORD

Thie report was prepared by the University of Wisconsin under
Contract No. AF 18(600)~5L. ‘the contract was in‘tiated uuder a prcject
identified by Research and Development Order 69L4-l9, "Human Fngineering
Research on Fire Control and Yissils Control Systems." The oonntract
wus administered by the Psychology Branch of the Aero Medical laboratory,

Dirsctorate of Kesearch, Wright Air Development Center with Joha W,
Senders anting as Projeot Engineer.
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This experiment was designed to investigate the sffect of angular
non-correspondence beiween indicators and controls upon perfcrmance of
a task. Normally an engineer might be expected to arrange a series of
conirol buttons in a row parallel to that of the corresponding indicators.
Since this may not be possible it is of value to know how much performance
suffers when there exists an angular non-corresporderice between the row
of indicators and the row of control buttons,

The indicators were eight red lights arranged in a row on a display
panel. Thke subjects operated a finger keypoard of eight contrcls like-
wige arranged in a row. The row of stimulus lights could be placed in
one of five angular orientations (of C°, L5°, 90°, 135°, and 1%5° counter-
clockwise) relative to the fixed horizontal set of rcaponse keys. Fiva
groups of 12 subjects were run; each group receiving only one of the
angular orientation conditions. For the first part of the experiment
half of the subjects of each group matched two-light patterns, the
other half matched four-light patterns, For the second half of the
experiment these conditions were reversed, A paced schedule was used
in which a new pattern appeared .0l seconds aftzr the preceding cne
was matched.

The results of the experiment showed that angular non—correspordenc
had a significant effect uvon performance. The 0°, then the 30°, then
the 135° and 180° stimulus iight orientations led to successively poorer
performance. The 45° orientation resulted in perfrmance statistically
indistinguishaple from the 0° orientait!on among the five groups matching
two-light patterns first and equal to the 90° orientation amcng the
five groups matching four-iigh® patterns first, Performance, however,
was found to be much less impaired by angular non-corresvondence than
by spatial non~correspondence between indicators and controls as defined
by Morin and Grant in an earlier experiment performed on the same
armaratus. It was also shown that two-light patterns were matched
significantly faster than four-iight patisins with an overall advantage
of 2,10 seconds per pattern on the average. Greater positive transfer
effects were observed in transferring from four to two-light patterns
thian in transferring from twe to four-light patterns.

PUBLICATION REVIEW
This report has bteen reviewed and is approved.

FOR THE COVMANDER:

JACK BOILLERUD
Colonel, USAF (%C)

Chief, Aero Medical Laboratory
Directorate of Research
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IRTRODUCYION

‘Thie experiment was aimed at describing the function relating key-
pressing performance and the angular orientation of a row of stimulus lights
relative to the fixed horizoinital arrangemernt of the keys. This is the second
paper of a series dealing with some human exngineering aspects of perceptual-
motor behavior. More specifically, these studies relaste to the problem of
the placement of stimulus and response dieplays in situstions such as confront
fignter or bomber pilots and crewmen. In particular military and industrial
applications, the space directly in front of an operator, vhere events are
perceived ozd reacsponded to most efficiently, mey already be taken by S-R com-
ponents of high priority. If more S-R components are 1o be added or existing
ones are to be rearranged, the spatial orientations tc which they sre assigned
may not be the most "compstible" (2, 3), and tbere arises the general problem
of the present experiment: how much is performance degraded by employing S-R
relations other than the mcst "coumpatible'?

Fitts and Seager (3) have defined "compatibility" thus: ¥A task in-
volves coumpatit:le S-R relations to the extent thet the ensemble of stimulus
and response combinations comprising the task results in a high rate of in-
formation transfer." They prefsr to express the degree of compatibility in
terms of information transmitted hecause cf tbe utility of the information
measure for their theoretical interpretation of perceptual-motor behavior,
but agree that reaction time, numker of errcrs; ete., are also admissible in-
dices of the compatibility of S-R relaticzne.

In the first of the present series of studies, Morin and Grant (4)
studlied pattern-matehing performance as a function of different transpositional
arrangements of the wiring connecticns between sight response keys and eight
norizontal stimuius iights, where the Ss matched two-light stimulus patterns.
Kendall's measure of rank correlation, T, was emplcyed as an index of the
cerrecpondence between siimulus and response elements, and it was found that
the compatibility of the two clasges increased as the value of < changed from
i 0.29 to i l.w.

Iax the present study, angular non-corrcspondence between stimulus aad
response elements was inve=gtigated. Normally an engineer might be expected
to arrange response buttons .n a rcw parallel to that of the corresponding
stimulus elements, but other respoiase buttons or the shape of the equipment,
e.g., wonen buttons are placed on control knobs or columns, way require some
angular difference tetween the stimuilus and response rows. This experiment
d2als with angles from 0° to 180° between stimulus and response elements.-

METHOD
Apparatus. All S were rum on the Multiple Serial Discrimeter, an

apparetus designed and constructed at the univarsity of Wisconsin Laboratory
of Experimental Psycho.ogy (4, 5). It may be described in terms of five units:

WALC TR SL=T1 1



response display, (b) stimulus display, (c) stimulus progremming unit,

a)
a) contro) unit, and (e) operations recorder.

(a) The respouse display is pictured in Fig. 1. It copelsts of a row

Fig. 1. The Stirulus Display and Response Displis,
Serisl Discrimeter.

WADC TR 54=71 2



of eight round lucite keys mounted on the top surface of a retal vox (11" »
6.75" x 2"). The keys a =2 cre inch apart except for the middle pair, which
are three inches apart. If & key is depressed 1/32 inch with 11 ounces of
weight, = microswiteh 1ls clcsed. Each microswitch operates & relay in the
scoring circuit and alun controls one of the eight response feedback lights
on the stimuius display. An adjustable metal shield on the response display
prevents the S from seeing the keys or his fingers.

(b) The stimlus display is also pictured in Fig. 1. ZEight redstimu-
lus lights and eighi green response feedback iights are mounted on the sti-
mulus display in two groups, each group conteining a row of four stimulus
1iguts and a psrallel row of Tour response lights. Fach group is contained
within one of two disks (five inches in diameter) that are symmetrically
placed within a large 12 incn dianeter disk. The two rows of lights within
a small disk are one and one-half inches apart, while adjacent lights of the
same color are one inch apart. The lights themselves cre one-half inch in
djameter.

When the two small disks are oriented so as to form a row of red lignts
parallel to a rovw of green lights. the two middle lights of either row are
two and one-half inches apart. This orientation was constant throughout tbe
present experiment, while the angle tetween the rows and thne horizontal was
varied in five steps of 45°. The stimulus display was 54 inches from the Ss'
eyes, this distance varying about four inches in eiiner direction as the Ss
bent forward or leaned back. Five amber lights at the top of the stimulus
display were not used in the present experiment.

(¢) The stimulus programming unit determines which of the red lights
will be lighted on a given trial. To each of the eight stimulus lights there
corresponds a cclumn cn a paper tape. For & given row, if the "third" column
has beenperforated, then the "third” stimulus light will be turned oa when
that row advances to a position between electrical contacts. The different
rows. correspoind to different trials. and tne paper tape advances saccadicelly
tc & new row whenever a pattern has been matched.

(8} The control unit houscs the circuitry necessary for stimulus pre-
sentation and scorin;;. Each of the 16 relays corresponds to one of eight sti-
rulus or eight respconse iights. VWhen, and only when, each of the eight re-
sponse relays takes the same position &s its corresponding stiruwlis relay an
impulse is seut through all 16 relays to the stimulus programming unit. This
causes the tape to advance end results in the rapid (.01l secend) presentation
of the next stimulus pattern. A pattern is matched when only those green
lights corresponding to the activated red lights are all on.

(e} Response latencies and durations and the number of correct and in-
correct responses corresgponding to each successive stimulus pattern may be re-
corded by an Estsrline Angus operations recorder. when this information is

not desired, two Veedor-Root counters are used to obtain separate records of

WADC TR S5i=71 3



thie nwubeir of patterns presented and ke muzbar of patterns correcily matched.
The total time per block of stimulus patterns is alternatively measured with
2 stop watch.

Subjects. Serving in the experiment were 90 male students selected {rom
a pool of students who had responded to requests for pert-time help as paid
Ss at $0.85 per hour. They were randomly assijigned to the 10 experimeatal
groups under the restriction that each reprlicaltion be completed befcre the
next one was begun., No Ss were used who had been in previcus MSD experiments.

Procedure and Design. Ss were run individually. Instructions were given
via 2 tape recurder, and E sat at S's place during the instructiors in order
to illustrate certain statements. Questions weic permitted at the end of the
instructicns.

The 10 experimentel groups were formed by combining five angular separa-
ticus of the row of stimulus lights from the horizontal (0°, 45°; 90°, 135°9,
and 180°, reading counter-clockwise) with two general types of patterns. For
each angle, cope group of nine Ss matched two-light patterns, then shifted to
four-light patterns; vwhercas a second group first matched four-light patieins;
then shifted to two-lighi patterns. The design is shown schematically in Fig. 2.

il
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> - Y
> i

Ss Ss Ss

9 9 9
Ss Ss Ss

L]

0° 45° $0° 135° 80° ' B
ANGULAR ORIENTATION CF
STIMULUS LIGHTS

Fig. 2. The Experimentul Design Used in the Present Experiment.
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Each § hed tn match 450 stimilus patterns arranged in nine blocks of two-
light and nine blocks of four-light patterns. The patterns within each
set of nine blocke were randoxly arranged under the regctriction that the
same pattern could not occur consecutively, and each S received the same
order. After S had matched each hlock of patterns he was told how many
seconds had been required.

RESULTS

The data used were the averace latency measures or mean number of
seconds reguired to "match” the patterns of stimulus lights. The raw latency
measures showed beterogeneity of variance which was corrected by tke (rational)
logarithmic transformetion. The analyses are presented in terms of the trans-
formed data; the figureszs, however, bave been dravn on the basis of the ori-
ginal letency data.

The mean number cf seconds required to match a pattern has been plotted
as a function orf ibe angular orientation of the stimulus iights in Fig. 3,
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8
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where varicus sub-figures aisv suow Lhe sffeetas of the upractice and number-
of-lights pe:ameters. In Fig. 33, the mean time to match a pattern is shown
as it is affected by the angular orientaviun of the stimulus lights. As the
angie increases from 0° t~ 135°, ihelateucy Increases fram 1.TL to 3.14
seconds. There was no d:1rerence in pattern-matching time I..r the orients.-
ticns of 135° and iS0®. The significance of overall differences in the data
of Fig. 3 vere tested by means of analysie of variance and the sumuary of

these tests is given in Teble 1. Table 1 reveals that thz differencs between
TABLE I

Latin Sguaie Anslysis of thc Data Obtained by Summing Across Blocks 1-9 ana
Blo:ks 10-18 for Each Subject.

Source of Variapce S.5. d.f. M.S. F ratios

P
Angies 171.3836 b 42.8459  75,.8%% < 001
Sessions 11.3992 1 11.3992  20.2%%# < 001
Lights 151.1682 1 151.1682 267%%x < ,001
Subjecis 2.5106 1 2.5106 Lobh2w  ,025<p<.05
E-ror 97.2229 172 0.5652

Total 433.6847 19

*Significant at or beyond the .05 confidence level.
weuSignificant at or beyond the .00l confidence level.

the angular orientations is significant at the .00l confidence level. The
Latin Square snalysis of Table 1 was performed on the scores that resulted
af%‘er suaming across the scores for blocks 1-9 and blocks 10-18 eeparately

for each S,

In Figs. 3B and 3C, certain aspects of the practice veriesble are pre-
sented as parameters. In both figures, pattern-matching time shows much the
same functional relation to stimulus-light o . ientation that wes seeun in Fig. 3A.
The average performance level for tne (Pcondition wos 1.62 seconds over blocks
10-18 (session 2) es eontrasted to 1.80 seconds per pattern over blocks 1-9;
and performance during the last nine blocks of patterns was, respectively, .26,
.24, .43, and .53 seconds beiter than pattern-matching performance during the

irst nine blocks of patterns on the average for the other angular orientstions.
In Fig. 3C, first and eighteenth block pattern-matching times are plotted as
a function of thc stimulus light orientation to indicate the total overall
learning and transfer effects. The amounts by which block 18 performance is
faster ibaa tlock 1 performance for the 0°, 45°, 90°, 135°, and 180° stimulus
iight crientations, respe~tively, are .69, .69, .99, 1.93, and 1.60 seconds
per pattern on the average.
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Again reference toc Table 1 reveals that the difference between "sessions"

{vlocks 1-9 vs. blocks 1C-18) is sionificaut et the .00i confidence level,
ritu an T of 20 2. The latin Square analysis does not, of cowrse, permit
evaluation of a session by stimulus light orientation interaction. The sigri-
ficance betweer first-half and last-half performance; coupled with the obser-
vation that first-block and eighteenth-block performences were respectively
poorest and best of the 18 bDlocks, made it obvious that perfcrmances were also
significantly different between the first and zighteenth blocks.

Fig. 3D contrast pattern-matching performance on two-light patterns
against that on four-light patterns for the five stimulwus ight orientations.
Two-light patterns required .30, 1.43, 1.6L4, 2.45 and 2.44 seconds per pattern
on the average for the five successive stimulus light orientations, correspona-
ing values for the four-light patterns were 2.13, 2.37, 2.66, 3.82, and 2.77
seconds. Pattern-matching performance on two-light patterns thus averaged bet-
ter than on four-light patterns by .83 to 1.37 secondc for tohe verious stimulus
light orientations.

The sigunificance of performance differences resulting from two-light
petterns and four-light paiisrns was tested and found to be significant at ike
.001 coufidcnce level, as may be seen in Table 1. But because the variable,
nurber of lights per pattern, was employed in the latin square manner, it is
completely orthogonal to the variavle, angular orientation of the stimulus
lights; only during the first nine blocks of patterns. A modification cf the
Alexander Trend Analysis (1) was performed on this portion of the data in order
to make a simple evaluaticn of the significance of interactions between stimu-
lus light crientations, number of lights, and blocks of patterns. The results
of this apalysis are presentad in Table 2. There, the significance of the
Between Group Meansy . 1 term (1ine F), when tested against the error estimate
Individual Deviations From Estimation (1ine N), means that paltern-matcehing
performence has a somewhat different functional relaticsn to the gtimulusg 1isht
orientation variable when two-light patterns are emcloyed than when four-light
pacterns are 2mployed. This may be most readily seen in Fig. 3F, by referring
to the curves labelled "2-L: 1-97, and "4-L: 1-9“., ‘I'ne mosi apparent dif-
ference is that performances are nearly equal for the four-light paitern groups
having 45° and 90° stimulus light crientations, wherezc it is the performances
of the 0° and 45° stimulus light orientation groups that are nearly equal for
the iwo-light pattern groups. Another difference is that 180° performance
is poorar than 135° performanca for the four-light pattern groups during the
first session, but the reverse is the case with the two-light pattern groups
during the first session. Other aspects cf Table 2 willi be referred to later.

In Fig. 3&, the rezn number of seconds required to maten a pattern has
been plotted as a function of stimulus light orientation for the five groups
receiving nine blocks of two-light patterns followed by nine blocks of four-
light patterns, and salso for the five groups receiving four-light patterns
folivwed by two-iight patterns. The groups having O° and 45° stimulus light
oricntations performed faster if they had started out on two-light patterns
rather ithan on four-light patterns. But the grcups having 209, 135°, and 180°
stimulus light orientetions performed fasier if they had started out on fuur-
light patiterns rather than on two-light natterns. The data of Fig. 3E (after)

WADC TR 54=71 [



TABLE I
A Mcodification of Alexander's Trend Analysis Appli=d to the Data of Blocks 1-9.
Source of Variance 3. S. d.f. M. S. F ratios

Group Deviations

Trom Egtimation
A. Angles .0352 28 .0013 Bt ==ms
B. Lights .0376 7 . 005k B/N 3.18=
C. Argles x Lights .0585 28 Lo c/W 1.24
Total L1312 63
Between Group Means
D. Angles 11.0480 L 2.7620 D/L 4k, gxxx
E. Lights 6.3731 1 5.3731 E/L 1hsss
F. Angles x Lights 0.8485 b 2121 F/L 3.45*
Total 18.2656 9
Between Group Slcopes
G. Angles .1568 i .0392 G/M 9.56%%x
H. Lights L0142 1 .0ll2 H/M 3. 16
I. ~Angies i Ligits L0135 b .0034 /M ----
Total L1845 9
J. Overall Deviations
From Linearity . 7136 7 .1019 S/N 59.9%xx
K. Overall Slope 3.5875 1 3.4875 K/N 210%#x
I. Petween Individunal
Means 4,9169 20 L0615 L/N 36.2%%*
M. Betweern Individual
Slopes .328L 80 .00k1 M/N 2,41 %ex
K. Iandivicual Deviations
From Estimation .9550 560 L0017
809

*Significant at or beyond the .05 confidence level.
** gignificant at or beyond the .0l confidence level.
*#%¢ Significant at or beyond the .00l confidence level.

WADC TR 54=T71 8



trAnsICiidtovu) wele hes

re wes r eignificance by analysis ol varisnce, and the
results are presented in Tebls 3, M™Mea gi~nificzance, in Table 3, of the "Augies"

TASLE IIZ

Analysis of Variance Applied to the Data (after transformastion) of Fig. 3E.

Source of Variance S.S. a.f. M.S. F ratics

Angles 342,7672 y 8.5691 4. 455%% 001<p<.005
Order ‘ 5.0219 i 5.0215 2.611 :10< ne.20
(E‘h VSe ’4-2)

Angles x Order 23.8433 I 5.9608 3.099% .0l< p¢.025
Error 153.8817 80 1.9235

Total 525.5131 B9

*5igniTicant at or beyord the .0% confidence level.
##gignificant at or beyond the .0l confidence level.

x "Order" interaction means that the relstionship cf pattern-matching time to
stimulus light orientation furthei degeads upon tbe order in which the nine
blecks of two-light or four-light patterns are encountered. When the efilects
of stimuius light orientation are isolated through analysis from the effects
of "order", i.e., woen one deels only with the "order" variable and sums across
the other variable to remove its differential effect on performance, then the
order in which the two-light and four-light patterns occur does not have a
significantly different effect on pattern-matching time. The actual values
were 2.34 and 2.4¢ s2conds per pattern on the average for the group receiving
first four-light, then two-lighti patterns, and the group receiving first two-
lignt and then fcur-light patterns, respectively. The difference between sti-
rulus light orientations, as in all the analyses performed, was again signifi-
cant at or beyond the .0C05 confidence level.

In Fig. 3F, there has also be2n pilotuea tic pattern-matching perrormance
of the four-light and two-light groups during the last session (blocks 10-18)
as a functicn of the stimulus iight orientation. The groups having two-light
patterns during the last session averaged 1.63 seconds per pattern, those
having four-light patterns during the last sessiun averaged 2.94 seconds per
pattern. The relation between pattern-matching time and stimulus light orienta-
tiorn seemrs to depend upon the number of lights per pattern during the szcond
session as well as during the first session. In order to test the sigunificance
of this apparent iateraction between stimulusg light orientation and number of
lights per pavicra Juring the second session, an analysis of variance was per-
forued on this part of the data and the results ar: presented in Table L.
Undzr the null hypothesis an interactive difference between stimulus light
orx&nta"*n and numbher of lights per pattern as large as that obtained would
occur by chance between five and ten times out ol & nundred - too coften to

" e O
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TABLE IV

Analysis of Varisnce Applied to the Data Obtained by Summing Across Biocks 10-18.

Source of Veriance S.S, d.f. M.S, F ratios P
Angles 72,9929 4 18,2.82 367 GeeS .001
Lights 26,3214 1 96.3214 193,9 *x# .001
Angles x Lignts h.5675 N 1.32418 2,299 05 p .10
Error 7 80  0.4965

213.6 89

#*% Significant at or beyond the ,001 confidance leval,

accept this observed interaction as being statisticzlliy significant vhen one
is employing the .05 confidence levsl (& la Msyman~Pearson). The observed dif-

~
o v vy
4

erence in performance as & function of number of lichts per pattern during the
secoud session was statistically significant with an F of 194.

The analysis of Tatlie 4 egain revealed significant differences in pattern-
matching performance due to the five different stimulue light orientations. To
sae if any furthsr conclusions could be drawn about the relationship of pattern-
matchinz performance to atimulus light orientation, the gap-testing method pro-
rosed by Tukey (6) was employed to compare the five mean pattern-matching times
withir each of the four curves of Fig. 3F. The results are collected in Table 5,

TARLE V
The Results of ApLpiving Tukey's Metnod oi Comparing Individual Means to the

Four Curves of Fig. 3F.
Ferformance Level

Parameter BRest Middla Poorest
Two-light Fatterns, Blocks 1-9 0°, 45° 90° 135°, 180°
Four-Light Fatterus, Blocks 10-18  C°, #s° 90° 135°, 180°
Four-Ldght Patterns, Blocks 1-9 0o 45°, 90° 135°, 180°
Two-Light Patteins, Biocks 10-18 0° 5%, 90 135°, 180°

Ou the basis of Tukey's test the five stimuius iight criertations lesd to
three reliably differeni levels of performencs, In all cases, the 0° orients~
tion lesds tq the best performence, the 90° procedure is in the middle, and the
135° and 180 orientaticns lead to the poorest pericrmance, An exception to
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thie consistency is the performance of the 45° stimulus orientation procedure,
Of the five groups matching two-1isht patterns before matching four-light
pattexns; the 45 or‘entetion leads to performance th:i is not aistinguishable
from the pevforimnce of the O° stimulue orientation grct=. On the other hand,
of the 11\:9 grovps matehing four«ligni patlerns belors malciing t.‘v.o-light
patterns, the 45° stimulus oriertation ieeds vo performance trat is not dis-
tinguishable from the parformance of the 90° stimulus orientation group.

Figs, 4 2nd 5 have been drawn with three dimensicns in order to show the
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Fig. 4. The Msan Time Required to Match Two-=Light Fatterns Has Been

Flotted as & Fumection of Blocks c¢f Fetterns and the Angular Orientation of
the Stimulus Lisnts,

Joint operstion of the prectice and stimulus light orientation variables,

More
readily than Fig, 3C

s thece figures show the considerstle improvenent, in per-
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Fig. 5. Tne Mean Time Reguired to Match Four-Light Patierns Has Been
Plotted as a Function of Blocks ¢of Patterns and the Angulsr Orientaiion of
tue Stlmulus Lights.

formance due to prectice. Within sach of the four treatment combinations (of
sessions and number of lights per pattern), the lzaraing trends for he dif-
farent stimulus light orientiations seem to be uniform from block to block., A
statistical check on the iearining trends of both the stimulus light orientation
eifect and the number-of-lights-per-pattern effect wes made on the data of the
first session oniy, and the resuits are preesented in the trend analysis of

Table 2. The non-signirficance of the source of variance, "Group Deviations

From Estimation es“ (1ine A of Table 2) means that the stimolus light orienta-

tion =ffect does not siénificently change in form during the Tirst nine blocks
cf practice. However, ius &ifect cf the number of lights per pattern does
change signiiicantly during the first rnine blucks of patterns, as indicated by

vy
the significence of the "Group Deviations Frca Estimationlights" (1ine 2 of
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fxble 2. This probably results from the more extensive snd perhape nore
rapid improvement cf the groups matching four-light patternc in relation te
the improvement of the groups matching two-light patterns.

The data shown in Figs. 4 and 5 also show the superioriiy of transferring
fror matching four-light patterns to matching two-light patterns as compared
vith transferring from two-light to four-light patterns, In Fig. 4; the data
of the second session were oblaincd Jrom Sg vhe had matciaed four-light patterns
during the first se¢ssion and these datm appear as virtual continuations of the
firet szession dada. In Fig. 5, however, the data of the sacond session show
little positive trunsfer from matching two-light patterns and may show some
interference effsctis,

DISCUSSION

The present experiment has assessed the compatibility of five angular
orientations of 2 set of etimulue lishie with a set of fixed norizontal keys.
while it was observed in gensral that the grester the angular displacement
from zero, the less compatible were the stimulius and response displays, the
vivo angular orientations could be associated with cnly three different
levels of performance on the basis of & statistical test. The 0°, then
the 90%, than the combined 135% and 180° stimuius 1light orientations led
to the best, mtddle, gnd poorest levels of performance, respectively. The
performance of the 45 orientation wae like that of the 0° orientation
among Lthe five groups matching two-light patterns first and like that of

;?e 90~ orientation among the five groups matching four-light patterns
rat.

The meaning of this inconsistency or interaction might be that it
was easier to generalize from the usual or must familiar types of corres~
pondenca (presumably equivslent to the C° orientation) to the 45° situation
when only two lights had to ce matched than when four lighits nuG Lo Us
metched,

A compariscn of two-light pattern-matching performance in the present
experiment can be made with two-light matching performance in ihe cxperi-
ment reported by Morin arnd Grant (4). In both experimenis, nine Ss in
each of five stimulus light orientation groups or in nine levels of spntial
correspondence between S-R elements {as indicated by Luie rank correiation
coefficient, ¥ ) practiced on nine blocks of 25 twc-light patierns per
block, The data have been plotted in Fig. 6, It is evident that altering
the spatiul corrsspondsnce between S-1 elements, a8 Morin and irant have
done; wuakes these elements much less compatible than chenging the stimulus
lioht ovientation in the mode of the present experiment, Interestingly,
the stimulus dispiay taker ihe sime positien fora ¥ of + 1.0C as
far ¢ 37 atimvlus light crisntation; the sams identity holds for a

¥ of -~ 1.00 and a 180" stimulus light oriertaticn, with the
exception that the red lights are above Lhe green for tiie 9 value and be-
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Fig. 6. A Comperison of the Mean Time Required to Matcin Two-Light
Patterns in the Present Experiment (i.e., as a Fuaciion of +he A.ngula.r
Orientation of the Stimudus Lights) witn That in the Morii: and Gran

Fxperimeni {i.e., as a Fuuction of tne Rank Currelation, T, Betwee Sti-
smulus and Responss Elements).

low the green lights for the Crientation value. The differences in average
latency are .1lbh and .UZ seconds, both favering the groups of the present ex-
periment, whereas the pattern-matching times would be expected to be the

same in the two situations. Wnether or not these differences would turn out
to be suatistically significant, the present experiment employed a difference
in procedure which to some unknown degree affects these comparisons. That
is, ¢s were given knowledge of their time scores after each block of patterns
in th: present experiment, but this was not done in the Morin and Grant ex-

reriment. in any case, the differences at thise two check psints are 20
small rrela’’ive to otner dilffersnces thet thev are of minor concern.
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The findings of the present siudy, therefore, suggest that angular non-
correspondences up to 45° tetween stimulus and response elemente may not
seriously degrade key-pressing behavior., Also, considering the earlier find-
ings of Morin and Grant {4), it appears thet mmsn 5s are bLeiter atle to
tolerate and corract for angular non-correspoudences than transpesiticnal or
permutational non-correspondences. The degradation due to lack of angular
stimulus-response correspondence was initially greater for complicated (four-
light) performancos, but a short training session eliminetisd degree of com~
plication of responses as a facter in the degradaticn of porfermance due to

. AT L
lack of angulsr correspondence of stimuluu-ressonse eélemstic.

SUMMARY

Five groups of 18 Ss per group performed a key-pressing task which
differed between groups in that the stimulus 1ight display took snguiar
orientation relative to a fixed horizontal set cof keys of 0°, 45°. 90°.
1359, and 180° counter-clockwise, Orthogoneily te this independent vari-
able, hslf the Ss matched two-light patterns, thz other half matched four-
1light patterms, After nine bloc.s of 25 two or four-iight matches, each &
wvas shifed to four or two-lizht patierns, resnectively,

1. There was a significant differenco in the effects on performarce
due to the stimulus light orientation variabls. The C°, then the 90°,
then the combined 135° and 180° orientations led to sucesssively poorer
performance. The 45 orientation resulied im perforuance squal to that
of the 0" orientation smong thg five groups matching tvo.-iight patterns
first, equal to that of the 90~ orientation among the five groups matche
ing four-light patterns first,

2. Two-light patterns were matched significantly faster than four-

l1ight patterns, with an overail advantage of 1.10 seconds per pattern cn
the average,

3. The number of lights per pattern interacted with tne stimuius
1light oricentation effect on performance during tie first nine blocks of
patterns, in that s somevhat different relationship axisted between pattern-
matening time and stimulus light orientation depending on “hather two-light
or four-light patterns were employsd,

A

4o Feriormance wua found

te be much leas immaired by employing changee
in anguliar stimulus light orientation than whren the spatisl correspondence
between S-R elements was altered as in the study by Morin and Grant (4) per-
formed on the same experimental apparatus,

5. Greater positive transfer effects were apparent in trapsferring froa
four-light %o two-light patternms thar in transferring from two-light te four-

11 gb.t- na ttarns.

£ Alivengh init

o 8sgrading o act of angulasr crientation was

tia
oreater for the {sur=lizht matrerns then for the two~light patterms, aftver
training the angular z2ffect was equal for the tuc performunces,
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