UNCLASSIFIED

AD NUMBER
ADA800395
LIMITATION CHANGES
TO:
Approved for public release; distribution is
unlimted. Docunent partially illegible.
FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; FEB 1952. O her
requests shall be referred to Wight Air

Devel opnent Center, Wight-Patterson AFB, OH
45433. Pre-dates formal DoD distribution
statenents. Treat as DoD only. Docunent
partially illegible.

AUTHORITY

AVRL |tr dtd 27 Aug 1974

THISPAGE ISUNCLASSIFIED




‘*-—-aocuu:n1 SERVICE CENTER

~ AVMED SERVICES TECHNICALSNNFORMATION AGENCY

U.). BUILDING, DAYTON, 8, OHIO

a7 " ~
N R sl

NOTICE: Waen Government or other drawlngs, specifications or
her (G ta are used for any purpose other thaa in connection with
def initely rclated Government procurement operation, the U.S.

pv» rrment thereby Incurs no responsibility, nor any obligation
s,uatsoever; and the fact that the Government may have formulated,
+ ysnisted, or In any way supplied the said drawings. specifications
*» ather data !s not to be regarded by implication or otherwise as
if ary mannes licensing the holder or any other person or corpora-
”4.1, or ccave ying any rights or permission to manufacture, use or
Jiany 2.0 ed invention that may in any way be related therato."

LU RANReY . W ﬁ /
a\ -
[ . ;ﬁ
‘_ '-.
se ' -
t . ’V"\}\";';n"cng .vnm mwwc:-- . e T I o . — *f
1,73 \ H - - et e -~ oY 3 .
;’.r:. } ' ,l\ ‘p |\ ! / 4 ';‘ ., .“ 5\ .." _“'. i 3 F R ., ‘ <= V
3 by AN e T ey ' \ P P
) & ¥ r { % N L, SWE £ 1 .
P L5 ] ] \" 3 B ] s
13 ! 1 RN k f . | :
< :' “ ' L bY ! L . i
»‘ b M ‘- - <

jF
)

| R







T Nosd2788
| ,__‘_._M.m; FILE COPY
a mmu
| L m £ o .
| 3 Wm - M
mmm iy 58 3
g m s 9 g o :
3 5 mm :
x - m
v q : m £y .

P Tt .-1
a2 ..

L g e

e o " P——— -

. e e




- "
P Ty TP v
. oy ki e AN A o gune L i)

: ; TR I AF TECHNICAL REPORT NO. 3832 .

THE ARRANGEMENT OF INSTRUNENTS, THE DISTANCE BETWCEN INSTRUMENTS,
AND THE POSITION OF INSTRUMENT POINTERS AS DETERKINANTS

N aetea @y T

. OF PERFORMANCE IN AN EYE-HAND COORDINATION TASK
o . . Penl X, Pilts =
‘: _ Aeve Nedical Laborstory
. 2 : :
£ Cherles V. Simen
v Astierd College
%‘ . . .
:. February 1953
s:iﬂ Acre Medical Laboratory
N . Coatrecs No. 733-038 oc-19816
% 5. 0. Ne. 694-31
k 4
¥
&
g’} Kright Aic "cvelopmeat Centec '
! Air Rescarch cad Developmesnt Conmend *
f.‘ United States Air Force
L Wright-Pattersea Aie Forco Baee, Daytes, Ohie
:L
Mcroesr B Wornor, lar Wabolelt. Meon.
Agni s) 1833




!
! = ) B k4 3 i Al ¥ i ThE A ey =) -‘W ‘yr;,.:;-u?‘!;*pw '_":%,?E"""'-"".:E" . '>,_xf._w;§‘¥, .
J 3 . ] i
F B
2 s
.
. ¥
S
z ) =
1 |
;
%
‘
-
& . ! 3 - .
M -
E ; ;
S
: :
; H FORENORD

These experiments wero' conducted at Antioch
College as par* of the work accomplished under AMC
Contract No. 1.33-038 ac-19816, Expenditure Order

R & Te. 694-31, Principles of Instrument Presentaticn.
s E At the time the expcrimonts were planned and con-
; - ducted, Dr. Fitts was AUC projoct engineer. The °
S . authors collaborated in plenning the studies and
! 5 in preparing the present report. Yr. Simen, who
K was project director at Antioch Colleze at the time,
Y supervised the collation’ ‘and analysis of the data..
B Dr. Fitts and.¥r. Siton sre now at the Ohio State
i’ University.
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ABSTRACT

1 : Three experinents are reported in which the effects of
- various visual“stimulus patterns formed by different arrange-
L ‘ ments of instriménts and pointers were studied. For the task
! employed, which was a continuous, dusl-pursuit problem, the
‘B . results of all three experiments are in egreement in indicat-
il ¢ ° 1ggnthat subjects give =ignificantly superior perform::iice
- W,
: a. instruments are close together, .
b. instruments are aligned hortzontally, and
c. pointers are alignid at 9 o‘clock for horizontaily-
separated instruments and at 12 o!clock for
vertically-separated instruments, or else the
poirters are counterpcised.

-l -

The res:its of un extended learning study 1nd1cated that
differences ia t{ne initial performance of individuals when using
the different pointer-~position ratterns actually increased dur-

ing fifteen daily practice sessions.

PUBLICATIOI REVIEW

'l;nuscript copilor thin report has been reviewed and found
satisfactory for publication.

- FOR THE COMMANDING GEMERAL3

Colonel, USAF (4C)
Chief, Aero iledical Laboratory
fesearch Division
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: THE ARRANGEMENT OF INSTRUMENTS, THR DISTANCE BRTWEEN

2 INSTRUMENTS, AND THE POSITION OF INSTRUMENT POLNTERS
AS DETERMINANTS OF PERFORMANCE IN AN EYE~

' - "~ "COORDINATION TABK ~

1. Ir-opucTioN @ - .
1/' *

Performance in skilled tasks requiring the adjustment
of instruzents or other visual displeys is consideradly ine
fluenced by the particular stimulus -pattern provided by the
displey. Among the various prodblems in this area, one that
bas received a guod deal of systematic attention is the efe
fect of the direction of movement of, and the spatial relse
tions dbetween, displays and controls, Results from such
studies have been the subject of recent reviews by Gardner
gi b)(itchon and Vince (11), and Fitts (&, pages 1306 to

[ ]

Warrick (13) has determined population stereotypes in
moving rotary controls in responss to different patterns of
light, and Carter and Murray (1), Fitzvater ({) Garéner (7),
Grether (8), Loucks (10), Mitchell and Vince 11), 8imon
(12), and Warrick (14) have studied performance in perceptu~
al-motor tasks in relation to various pattern crrangesen
of controls and displays. '

. The evidence from these studies indicates that the
fellewing spatial factors are important determinents of
forrances (1) wvhother the display and its control sove
the same or move in different planes of s{cco; (2) vhether .
the movements are translatory or rotaryj (3) wvhether the
display is sbove or below, to the right or to the left, in . ..
front of or behind its associated controlj (&) whether or °
not, vhen its related control is nwod' the direction of the
movement of a “.21" is the 'expected' one, 1.0,y cozforms
to a population stereotype. It also appears that performance
is more markedly sffectsd dy such factors vhen the tark is
complex and requires frequent change of set,

Connell and Grether (2), Werrick and Grether (15), and
White (16) have reported differences in the adbility to chesv
read and interpret instrument dials quickly, depending on the
sector of the dial in vhick the pointer was located.

The three exporiments reported here were underteken to
determine the intar-reletion of several of these stimulus-
pattern fectors in a zore cooplex pursrii task than that em~

loyed in any of the previous studies excépt that of Gardner.

! he va‘iables ttudied vers (a) the direction of pointer align-
y cent, (b) verticel versus horizontal separation of instruments,
g end (c) the distance betwveen instruwmants,
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" II. APPARATUS AND mé:x :

The Grether mal-Péuit Apparatus (9) was uzed in
thess stulies. In order to operate this gpparatus, sub-
jects must watch the polnters on two different dials and
try to keep them centarsd continunously within designated
1imits by making sppropriate adjustments of two rotary
control knobs, one of which 1s operated by each band,

A draving of the apparatus is shown in Figure 1. 1t
cperates in the following manners Disturbances, gensrated
by a motor-dziven caa, are transmitted to two dltferentiu
gears. The mcvemsnts of each of the control knobs are .
transaitved to one of these differentisls, The output of
each differestial is proportional to the difference between
these two inputs, 1.e., to the difference between the movee
ments controlled by the cam and the subject's movements,
These ocutputs are transmitted to two instruments d.els dy
s¢lectrical synchro systems, wvhere they appear as pointer
deflocticnss they also are transmitted mechanically to wiper ’
aras that move across metal contacts, and activate scoring * -
clocks.  The inscrument dials are marked so that sudbjects
can tel vhen the pointers are 'on target!?, ' .

- Two scoring clocks, one for each of the two differen~ i
tials, cumulate time vhenover the pointers are within the -
targo_‘ limits, These '-n-tarzet! scores indicute the cume
lative time that the re;rcuvo dinters have- been maintained
within their tolerance limits, third clock cumulates time
vhenever both pointers are simultaneously 'on target's The
roading of this third clock vas used as criterion of pro-
ficioncy throughout the present investigations, - .

- e s - avh iy 1

Work and rost periods were governed dy a sequence :
tiner, vhich also triggered a varning sound before the be-
ginning of each trial, . ’ oo

Instrument dials were three inches in dismeter, dlack
vith vhite pointers, and mounted on a bdblack instruxant panel.
Foar ughﬁaigenun&ud rotloo:.m, o' e at each coruer of ﬂ?
pansl, providsd an sveR, n0B-gl3T8 SouUrcs giving an apparen
wigh‘n:u of 30 foot-lazberts. “he subject's eyes were 28
inches awvay froa, and at the same height as, the mid-point
between the two 'astruments. i

The pancl on which the control knobs were mounted wes
tilted avay from the subjoct at a 45 degree angle, as seen in
Figure 1, in order that the knobs could be grupda in a com-
fortadble zannes, Adjustable ara rosts were used, One con-
trol knod wus above and to *he right of the other, the line
forzed by the twc knobs making an angle cf 45 degrees vwith
the base of the panel. The upper right-hand knob was used
to control either the upper or the right-hand instrurcnt (dee
pendirg on vhather the two displays were separated vertically

\ . USAF-TR-5332 2
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Figure 1. The Grether Dusl-Pursuit Apparatus.

The conirol-box and the two control knobs are showva at

"A¥: the instruzent panel, cut away to reveal the me
of mounting the inatrumentis, 1s shown at "B"; the ex-
perimenter, timer, and scorlns clocks are shown at “C%
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or horizontally), and the lower lelt-hand knob vas used to
control either the lower or the left-hand instrument, This
arrangemsnt of controls was used throughout the three ex-
periments, Ins~fer as could be determined, all sudbjects

found this arrangement a natural or expected one, and im~
udtately assctclated each control with its related instru.
&30V ¢ S * o

o g

P N LT L L o B

III. EXPERIMEST 1: A STUDY OF THR RELATIVE EFFICIENCY OF
TEN DIFFERENT POINTER-POSITION PATTERNB .

Sane o 4cho o ade o

Brogedurs.

Ten stimulus configurations were studied in the first
experiment, Tuese patteras are shown schematica in Figure
2. Two directions of dial separation, virtical (V) and horie
zontal (H), and five different positionsi of the two pointers,
vere studied, The pointers vere aligned at 3 o'clock, 6 o'
clock, 9 o'clock, and 12 o'clock, respectively, and also vith
their tips counterpoised (directed toward each other)., These -
sointor positicns will be refirred to hereafter as the 3, 6,

.9, 12, and X positions. In the first oxg:::mnt, the tips of
the two pointers were separated by a dis e of eight inches,

Twenty male and twenty femsls college students served as
subjects, All hal normal visual acuity., MNone had operated
the apparatus before, They were given the following instruce
tions whils seated at the apparatuss _ . : .

*Your head is nov at the correct distance from the
instrument panel. Iry to keep it at this distance.

“These pointers vill move dack and forth, Iry to
kee m vithin the vhite reference sarks '

n these knods in the appropriate direction,
Try them,." (At this point subjects were allowed
to turn the knods to note the resulting move-
ments of the pointers.)

“Try to keep doth pointers on their respective
vhite marks at the sepe time. The time you
1 Reference throughout the paper to ‘pointer position' will

be used for convenience to refer to the position of the
target or zero poin? in the gquadrant of the dial in vhich:
the pointer is functioning., This wvas alwvays at one of the
four cardinal positions. In reality, the position of the
ointer was constently shifting and only rarely, except
hrough the effort of the rudject, was it positloud ex-
actly at any cardinal point,

CSA®-TR-5832 b
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keep tham hoih oo will be recorded, You will
‘have ten trials, each fcllowsd by a short rest
period, After the fifth tria) yon will be
given a longer rest period, Do not tura the
knobs during the rest period. A buczer will
warn yon a second before the rest period is
over, Exjerience suggeste that it 1= =g
officlent v move your syes back and forth de-
twoen the two dials than to attempt to watch
both dials ocut of the corners ff Jour eyes.
So move your eyes as you work,

"Ihe position of the pointers will be ‘changed '
from trial to trial, ‘ 7

One group alvays worked with the dials separateéd horie-
zontally. The other group worked with thenm aeaautod verti.
cally, Hereaftsr; these will be called ths "H" and the *V"
groups. Subjects were to two groups at random, with
the restriction that hslf cach group be men xnd half be
wvomen, . :

Each subject vas gives tem 3J-minute triale, The first
15 seconds of each trial was trested as a varm-up period, anl
clock scoring took place omly the last 2 minutes and
LS seconds of sach trial. ects rested for five minutes
betwesn the fifth and sixth after all other trials a
90-second resi pericd vas used. '

4 different pointer position ves presented on each of
the first five trials. five positions vere
then presented a sscond time in reverse order, The order of
presentation was counterbslanced detwees the 20 sudjects in
;aegigronp. Completion of the sseies of ten trials required
mtese ' )

Resulis.

The rizent vas designed to permit combination of the
scores uade the sanme subjests on counterbalanced trials,
However, vhen a perforcance curve (see Figure 3) vas computed
by comblnln; mean scores for successive trials without regard
to stimulus confizurations, it revealed that the comd of
the first- and second-trial data would sericusly inflate our
error ters., Learning was quite rapid in the first five trials,
and there was still further improvemsnt on the sixth trial
whick vas preceded by the lcnger rest period. The last five

1 The instruction to move the eyes was given in order to se-
cure uniformity in the way different subjects vorkedj actue
ally the experimecaieis nave 0 data on whether or not sud-
Jects do better when they are instructed to move their eye
in this task. :

USAP-TR-5832 . 6
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trials, however, showed a relatively more stable perform-
gnse level, For thia_resason only the deta for the last five
trlais were analyzed.l |

Mean performance scores and star~ird deviations for each
condition are given in Table I, The results of an sis of
variance fcr these data are summarized in Tadble :I,c The vari-
ance between mean scores for korizontal and vertical instrument
geparation wes 3izr ficantly greater than might de expected by
chance (< .01 level) when tested by between-subject variance,
For the task employed in this experiment it can be concluded
that periormance with Lorizonlally=separated disls 1s superior
to performsnce with vertically-separated dials. :

Using the pooled iateraction of sudbjects snd pointer
positions as the estimate of error variance for correlated
groups, the variance due to the intsraction between the di-
rection of instrument separation and pointer positions was
found .o be significant at better *han the .0l level, This
indicates that suparior performance with a particular pointer -
position is in part dependeat upon the direction of the dial
separation used. . The converse is also true. =

. For the Hegroup, neing horizontally-separated instru~
ments, performance vﬁh the 9 o'clock pointer position was =
better than with the 12 o'clock poiuter position K .05 level)
and performance with the 3 o'clock pointer positioa was be ’
ter than with the 6 o'clock pointer position (<.02 level).

1 In subsequent experiments the combining of counterbdalanced-
triais in this task was made possible by using shorter test
trials that peramitted frequent variation in testing condie
tions, and by continuing the experiment over a period of
"several days. . : :

2 The technique of analysis used is describel by 2i.ea L,
Edvards, Chap. 15, Experinentsl 2
Researeh, Rinahu& and Co., Inc., New Yor., 1950.

3 The standard error of the mean difference Zor these condi-
tions war computed to be 1,03% by using tae variance of -
tho pooled interactions of subjecte x pointer positions
as best variance estimate for ali groups, 7This esti-
zate of standard error, based on all the data, was used
to computa the 't' values, in place of an ost{uto of
staudard error of the difference computed separately for
each palr of conditions.

USAF-TR-5832 ' 8
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(N = 20 Subjects in Bach Group)

T . Means of
B=3 8= B9 Hl2 HX  _Rows
Mean 2,5 39.7 . W57 435 W58 W3

' B.D. . ° 705 701 603 * 1 509 5.8 .

¥=3 Y6 Y2 X2 ¥I

Nean - 33.8 363 355 392 38 366

BQDO ) 707 8.9 707 ‘.'0 . 80“
Neans of ' |

Pointer : 1
Positions 381 38.0 %0.6 M4 W2 0.0

* Scores ropresent the percent of time that subjects .
¥kept both pointers simultaneously ‘on target'.
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TABLE II

) ' ) Sum of :
Source of Variation : Squares m. &nmn 2
Batwesn Dial Separation 22.99 l 22.99 9.82

Between Subjects With the : .
Same Dial Separation 88.86 38 2.3’0_ -

Between Pointer Positions 552 % 1,39 o

|' Interaction of Pointer Posie
tions and Dial Separation - 347 & .87 8.3

~ Interaction of Pooled Subjects
and Pointer Positions 16.2¢ 152 S [ .

2 e s 0o
et .

s =T U e T Lk i et

e 0 0 0 0. Ve
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- ® See the text for a discussion of a further
( anulysis of this factor.
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For the V-group the conve.=u was true, The 12 o'clock pointer
position was supesior to the 9 o'clock position (.01 level)
and the 6 ~'clock position was better than with the 3 o'clock
position (.05 level),

- oo - -

Performance with the counterpoised pointers (X condition)
ranked first in absoiute score and was not significantly dif-
ferent from the best pointer position {for both directions of

* dial separation. ) -

e rmaeane

For both horizontal and vertical dial separations con-
sidered separately, the 9 o'clock pointer position was superior
to the 3 o'clock, and the 12 o'clock wes superior to the 6 o'
clock position. Three of these differences wvere significant at
the .02 level, but one (9-3 o'clock vertical) was not signifi-
cant, Since {he data were not suitable for a three-~dimensional
analysis of variance, a subtraction procedure was adopted as a
means of testing the differences in pointer position independent
of other factors. Mean scores were obtained for the two condi-
tions (H-3 and H-9) in which both the instruments and pointers
vere aligned norizontally. In a similar way means were detere
mined for the two conditions (V-6 and V-12) of vertical align-
ment of pointers and instruments; for the two conditions come-
bining unaligned pointors with horizontal dial separation (H-12
&nd H-6); and for the combinations of unaligned pointers and
vertical dial separation (V-9 and V-3). The two counterpoised
conditions were not used in this analysis, since there were no
corresponaing conditions of unalignment,

oo

Sudtracting tnese respective means from the :g:roprﬂato
original scores of the ir2ividual subjects removed effects
of direction of dial separation and of alignment versus une
alignment from the pointer-position scores, Subjecting the
residual or difference scores toc & simple analysis of variance
for correlatod groups gave a value for F of 7,57 which with 3
agg }17 gegrees of freedoa is significant at beiter than the

. aveél e :

The results of this analysis of poiater positions, vith
the effects of dial separation and pointer alignmant removed
are shown in Tahle IIYI, T¢ 43 gppareat tha &nd 12 olcloc
pointer positions are both superior to ) and 6 o'clock pointer
positions, dbut that the members of each pair are not signifi-
cantly difterent from each other,

- ¢ r N phtdiss K g £ H
q Y 5 I i ' - TH3 e A gkt A 3 A
v & : e ¥ S i T t . g o K
PO sy va GRS T T o P ogrir e RPN PR RETPEERS TSNS Y SIS AYR S i s ¢ QA T e

Intercorrelations between scores made at the varimus
pointer positions on the second series of triuls by the H- and
V-groups vere computed. The median intercorrelation for the
H-grou} was .7% and for the V-group was ,86, Thess moderately
kigh intercorrelations suggest that factors common to an inii-
vidual's perforzance on a pursuit task contrilute a zood deal
of weight to his score no mattzr what pointer position 1s used,

TR o™
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wmmmnww
i -Positiona in Rxperiment 1.
// | -

(Basad o¢n adjusted means, with effects of 4ial
: separation and pointer alignment rezoved)

d.fe » 39
§a'clock  .9'clock 12 o'clock
3 o'clock “0.517 - 2.79%e 303490
6 o'clock 3e3lee 3.8650¢
9 o'clock o ) C . 593

¢ Plus values indicate that the msan performance of
the pointer position on the abcissa was grum;
minus values, tkat it was smller.

e¢ gignificant at the .01 probability hul or
batter.
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IV. g i GRIMENT ¢ EXTENDED LEARNING STUDY COMPARING 9 AND
i - 12 0'CLOCK POINTER POSITIONS :

A second experiment was undertaken to determine more pre- .
cisely than was done in the first experiment the relative ef-
fectiveness of the 9 o'clock versus the 12 o'clock pointer po=-
sitioas for instruzonts separated horizontally and for instru-

: sonts separated vertically. Only these two patteras of pointer
arrangement were studied because the re~ults from the first ex-
pericent, as well as the Ifindings of other investigatora, show
conclusively that perforrance is maximized by the use of these
positions. The experizent was also d to reveal vhether
or not the differences attributable to pointer position would
persist throughout an extended learning period. "

2rocedurse.

The apparatus wvas the same as that employed in the first
experiment with the exception that the effective width of the
'on-target?! scoring area vas reduced, This ircreased the dife
ficulty level and provided a task on vhich subjects could ecome . -
tinue to show improvsment during a period of extended practice,
Ig:h :om points of the instruzsnts were alwvays separated by
e Se . . . .

Fourtecn individuals worked on the 1 task for 20
days, 40 minutes per dayes Bach subdjoct worked at the same time
each for the first five days of each week, No trials were
run oa Saturdsys and Sundays, ]

Subjects were assigned to one of two groups. One
consisting of four men and four women, worked for the first
days with the instruments separated horisontally and for the
last five days with then separated verti o oy vill be
called the H-V group. 4no grovp, oonsisting of three men
and three vomen, worked for the irst 15 days vith instruments
ugautod vertically and for the last five dn;o vith them sepe~.
sated horizontally. They will be called the V-H group.

Individual trials lasted for 70 seconds. The first 10
seconds constituted a wvarm-up period during vhich no score was.
recorded, but this was not known to the subjects. Fifty-second
rest porlodu vere used betwsen trials., Iwenty trials were givem
to each group sach dey. The oonditinns for the initial trial
esch day was countsrtalanced between subjects and detwsen days.
The instruotions to subjects wers essentially the same as in
Experiment 1, -

Snbjo.ctu were told their scores at the end of each trial,
NKidway through cach daily series of trials they were compli- -

USAF-TR-5832 13
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Tosts of the significance of the differences between .
pointer positions for each audbject were made for the means of .
successive five-day periods, se rosults are presented in
Table IV, In gener the significance of the differernces in-
creased from the first to the vecond five-day period, and
shoved no appreciable change during the thivd five-day od, N
The evidence indicates, therefore, that the relative (1] -
ences dus to the combined effect of pointer position and dial 5
location persist through an extended learning period,

When the direction of dial separation wvas reversed for
the two groups on the last five days of the experiment, all 1%
subjects evidenced a change in performance in the predicted 1
. direction, Al1 cight sudjsots who chaaged from horizontal to 5
vartical conditions sudbsequently earned relatively higher scores
oa trials vhere pointers vere aligned at the 12 o'clock position,
Three of the subjects who shifted from the vertical to horl-
zoatal condition, however, continusl to give relatively higher
scores vhen vork at the 12 o'clock pointer gooition, although
in all threa the difference in favor of 12 o'clock was. reduced
in comparison to what it had been before the shift in experie
mental conditions. Ir general, then, the evidenco odtaived on

reversal trials further substantiate the findings from the first
fifteen deays,

53 ::
%&3 :“.‘
i sented on their progress and told that they should try to ke
achieve an even higher level of performance., Daily scores "o

. vere plotted on a chart for comparison with other subjects, '

¥ - It appeared that subjscts were highly motivated throughout [
| the four veeks of the experiment, - N
: =

Beaults. . ;.‘i

In Figure 4 summary learning curves are givea for the - “\{

=] . two groups. . ) !

! The means for the eight subjects in the H-V group favored __‘E
; the 9 o'clock position for all 15 days of work under the horie- f
' gontal condition. The msans for the six subjects in the V= "
i roup favored the 12 o'clock position throughout all of the 15 e
, % 8 of vertizal separation. The smallest absolute and the ol
B Smallest relative differences between means occurred on the.
| . first of the 15 days for both groups, S - o
3 ' ) - ) 'S

‘ These data support the previous conclusion that pointer -
J & nt at the 12 o'clock position gives superior performance "
‘ § for vertical instrument separation, and that horisontal pointer 2
! alignment at the 9 o'clock position gives superior performance 3
, for horizontal instrument se tion, The absolute difference o

E vas greater in the case of vertical condition, : o

PO ——— e i

e e i e

eI

NP Sl

3 IR NI ¥t 1 1

This experiment, although designed primarily to test other
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Pigure 4. Leerning Curves for the Iwo Experi-
pental Groups in Experiment 2.

Each poirt on each curve is the average of all trials for
a given day (i.e., 10 trials per suhject). The H-V Group
worked for the first 15 days with the instruments aega-
rated horizontally, and for the 16tia through the 20t

days with thea separated vertically. Ths V-H Group worked
for the {irst 15 dsys «ith verticsl separaticn, then
changed to thc horizontal condition.

US4?-TR.5832 15




Yalues of 't's for Differences Betvoen Each Sublect's Mean

(Bach 't' 43 based on 50 sets of scores for a given subject)

Subjects in ' '

droua H-Y_ Dava 1=% Days 6-10 Davs 11-19 Davs 16-20
l 2 8067 . 11062 10.22 - 6.39
%3 %33 3.66 1.8 - 2,33
b 769 - 10.59 12.13 - 1,18
2 B N T O . - 6469
ré 1.0% 4,22 .19 - - 6,03
P70 205 - 3.6k %93 - 5.06
" 0 k0°1 '0.56 ' 3029 - "ol“

Subjects in
“ 9 - ’0.12 | - 60% - 5003 2.“
“ 10 - 5001 -1706~ - 1’065 - 069
M1l - b,7% «10.30 - 5.53 13.11
’ 12 - 8058 -11.59 - 8.82 3.“
F u - 7008 - 907“ - 1“.63 - 80”
Fih - 3.79 - 8.61 - 8.5 - 333

® Regative "t's™ indicate that the 12 o'clock pointer position
was superior to the 9 o'cleck ?ointer position; positive ®t'g®
irdicate tnatl the 5 2'clock nolnter position was superior to
the 12 o'clcck pointer position, Vaiues ci' "t™ of 2.01 or
greater are significant at the .05 level.

®¢ 3Sach wean 1s baessd cn 10 trlals per day for five days.

-USAF-TR-5832 . 16
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factors, eiso provides twc comparisons of perforzance under
vertical versus horizontal dial separation. Direct compari-
sons between the two groups is hardly Jjustified becsuse of
the small numbers in each group., Compariscns can legitimate-
" 1y be made within individuals, however, defore and after the
reversal of conditions on the 15th day. The results for in-
3 dividuals agree with the findings from the first experiment.,
& Subjects who shifted from the horizontal to the vertical cons
dition showed a drop in score and during the next five days
never regained *their former level of performance, Al)1i indie
7iduals who shiited from vertical to horizontal, however,

gulckly exceeded their previcus scores. . -

'-"'-.7"‘ '-V-l‘ 4 2
al;

S basabd

7."( ’
i

il V. EXPERIMENT 3: THE EFFECT OF THE EXTENT OF
INSTRUMENT-SEPARATION ON PEPFORMANC3

formance in the dual vursuit task is affected by changes in
the distance between instruments, Both horizontal and verti-

'
!
i The third experiment was planned to determine how per-
f cal separation vere studied,

Breocedure.
The same apr. tus was used as in the previous experiments, .

Kew instrument panels were constructed to psrmit the experi-
menter to vee a separation of %, 8, 12, or 16 inches between
instrunents, as measured from thn"ipc of the two aligned point-

Jects, None had ever operated the apparatus defore,

The instructions were essentially the same as in the two
previous experiments., In order to encourauge different sub-
Jects to use similar procedures, all were told to move their
eyes back and forth bdetween ths two instruments, .

Each subject was tested at the same time of day for six

) consecutive daye, During each daily test period, each sudbject
vorked with both vertical and horizontal arrangensnts cf the
instruments and with separations of &4, 8, 12, and 16 inches,
Two 130-second triels were given for each of the eight unique
conditions each day (a total of 16 trials per subject per day).
The scquence of test conditions was counterbalanced within and

bestween subjects and between days,

The 12 o'clock pointer position vas used vhen instiuments
were sapsrated vertically and the 9 o'clock position was used
vhen thsy were separatecd horlizentally, since earlier results show
that these esre optimum conditions, The score on each trial

% ers.
~ {. Tvelve college m»2, with normsl vision, vere used as sub=
{
¢
S
1
]
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was the proportion of time that both pointers vereﬁpt ‘on
target! simmitanecusly during the recorded period he fon -
target' tolerance limits were ths sate as those of =xperiment
1. Unknown to the sulject, no score was recordsd during the
first ten seconds of each_i30-aecond trial. Subjects rested
for one minute between trials; after every fourth trial there
vas & tvo-minute rest period. ,

n.=n1 :.l. . S

In Tadle V the individual mean scores are givsn for
each subject dbased on all trials for ail days at each condi-
tion. Group medieans, means, and standard deviations are also
given. The means are also {ndscatsd 1n Figure 5,

In all respscts performancs was better when the dials
were closer together t vhen they were farther gpart, Mean
perlorzance scores, for each direction of dial separaticn, be-
came successively worse with each four-inch incrsmeat in {bo
distance between instruments., All differencss were signifi-
cant, In sddition, an examinat'on of Table V reveals that

gach of the ijelve sublects, without exception, ahowed 8 de-
SIsase ip BYSIEes £core Tor oach dncroment in i distance
hotveon instruments along botl the horizontal and the yarti-

Sal axes.

- In Table V1 are shown results for tests of significance
("t® tests) of ths differerces in mean values for the group
and the correlations (%rs") for ths various oriticsl comparie
sons. In all cases performance was significantly better for
a korizontal separstion of & given amount than for a vertical
ccza:ation of the same amount. These results wvers true, withe
out exception, for the average scoves of each indivi cole
sidered separatoly, as vell as for the means of the groups.

The absolute superiority of the horizontal over the i
vertic:l condition increased as the distancs detween instruo-

. ments increased. For exawple, for 8- and 4~V conditions,

wvhere the vertical separation was four inches less than the
horizontal, the former was superior; but for 12-i ana 8-V
vhere the vertical separation again was four inches less !han
the horiszontal, ths latter was superior.

VIi. DISCUSSION OF THE FINDINGS FROM THE THREE EXPERIMENTS

The superiority ~f performence when the two stimulus ob-
Jects were close together is not sur-prising, This superiority

USAF-TR-5632 18
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¢ These scores indicats the percent of timo that both
pointers were kept 'on target' simultaneously.

29.3

x TABLE V
, |
! nAd . - 4 -
i aental Instrugent Soparation and for Four Pistances of Ver-
tical Separation in Experiment 3.
: § . Horizontal Seperation Vertical Separation
: __{inches) (inches)
Z Subject | |
4 | n 8 12 26 ¥y 8 12 1
1 1 55.9 2.9 39.6 3.8  45.2 35.8 26,6 25.0
2 53.8 4.2 38.3 350 6.8 36N 32k 259
3] 3 60.6 9.8 43,3 38.5 510 2.6 3B.6 - 354
= B 65.0 53.8 Mk 407  S52.% 426 37.0 3.0
= 5 S3b - W20 4.6 377 M5.6 38 358 kb
12 € 598 510 Wb 397 515 WO 39.3 342
| = 7 626 18.8 4.8 Y2M 563 439 35.9 30
& B 652 48.8 2.2 394 598 MM 3w3 306
13 9 5720 122 37.7 310  W.S 360 310 2
g ¥ 10 62,8 45.2 %.6 368 45,5 M0.6 32.7 30.3
B 0 720 62N 57.9 521 RS 558 9.2 MS6
‘ 12 62 50.6 W6 429  Swz M52 419  38.6
1§ Meditn 61.3 18.8 13.0 39.0 512 W26 359 WO
-§3 | Group
; Nean 61,2 48,3 ¥3.7 39,2  51.8 2.0 36.2 3.
B.D., 6& 6.0 5% 53 7.2 5.6 5.8 5.6
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dorazaatal Sevexation 'z 3 4

4 v.rsus 8 inches - | 92 175 <02
= 13 8 vorsus 1: inches - 92 67 <o
. =N 12 versus 1v inches . 98 151 . <0

=4 & : Vertica
' = | 4 versus 8 inches 92 1na <.01
" 8 versus 12 inches | 93 95 <
12 versus 16 inches 96 6.8 <01

Horizontal versus Vertical Separatlod
'0 inches . 089 9 08 < 001

8 1achie | 95 11d <01
12 inches . 091 11.1 (001
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probadly is due to the more effective uss of peripheral
vision, including the use of peripheral cues (a) to provide
inforration for more accurate eye movements, and (d) to pro-
vide information for adjustmeants of the control gcerring
the non-fixated instrument,

Only a very small part of the superiority resulting

from stimulus proximity can be accounted for by the saving
in time required to make small rather than large eye moie-
ments, Ine eye has a very efficient musculature and is able
to sxecute movements of different amplitudes in approximately
& constant time, Furthermore, since eye fixations in the

. dual-pursuit task are of a duration of the order of magnitude
of half a setond, while the time consumed by a saccadic rxove-
ment is of the order of two or three hundredths of a second,
the time taken by the latter is relatively unimpcrtant,

More effective use of peripheral vision probadly is an
important factor also in the superiority of gerfornanco under
the horizontal-9 c'clock and vertical-12 o'clock conditions,
i.0.y in the superiority of the alignment over the unalign-
ment conditions. It is proposed that alignment of the stimue-
lus objects makes it easier to detect a movement of the none
fixated pointer, When they are aligned the two pointers can
ts seen as for & single line, which breaks up vhen either
printer goes off gete

Characteristics of eye movements and of the vismal field
may account for the superiority of horiszontal over vertical
separation of stimulus objects. Visual acuiiy is gensrally
better at a given lateral distance from the fovea than at a
corresponding vertical distance. A4lso, in everyday life
people meke more frequent use of lateral than of vertical
peripheral vision, .

The findings regarding the superiority of the left over
the right, and of the top over the bottom sectors of a dial is
not without parallel., In a series of 1ntros£ect1vo studies,
Dallenbach (3) found that lights located to the left of o> a=
bove the point of fixation appeared brighter than lights lo-
cated to the right of or below the fixation point, Recurdings
of eye fixations made while subjects have looxed at picturea,
read advertisements, and checked panels of instrumsnt dials
have shown that eyo fixations are most frequeant oa the gypor
and lelt areas of the visusl field, As pointed out carlier,
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investigatoras (2, 16) have also shown superiovrity in the
a8bllity to zread disls rapidly and mske qualitative reports
regaraing polnter geviations, whken pointers were aligned
ir the @ and 12 o'elock sectors.

.~ « The axplanations {hat have been advanced %o account
for the observed inferiority of the right and bottom sectors
of an iastruzent disl are based on the hypothesis that 4i-
rection~of-motion cues are emhbiguous when rotary motion oc-

curs In thess sectors. In order to account for this ambi=-
suily, ve essume that a moving stimulus odject, such as an
instrument pointery 1s responded to in accordance with
aither a "rectanguiar-c ordinate hypothesis® or a '"polar-
coordinate hypothesia®.+ If we assume that the two hypothe=
sss lead to the same motour or verbal response for a speci-
fied angular position of the pointer, then the two hypotie-
ges w11l lead to opgosite responses when the pointer nas
passed through an 1809 rotation (41.e., is on the reverse
side of the dial). As an 4llustration, a clockwise rota-
tion at 9 o'clock 18 ‘'up® and at 3 o'ciock is 'down', ace
cording to the rectangzular hypothesis. This is a si{uation
which Gagne (6) proposes should give maximum negative transe
fer. For reasons that are obvious, the 9 and 12 o'clock
quedrants.are those of agreement and the 3 and 6 o'clock
quadrants those of disagreement bétween the two hypothen=s,

As indicated earlier, the conditions leadling to azhie
guity may change with the {ype of control used end its place-
ment, Simon (12), for exampls, 1a a subsequent experiment in
this series, has found that when a lever 1s used in placy of
a rctary control, the orientation of the lever becomes sn im-
portant factorji =also he has found that when only a single
instrument and a rotary coatrol is used, a 12 o'clock polnter
positicon, with the control knob below the display, givios maxie
mun performsnce, The present results, therefore, prodably
gshould not be generalized beyond the common case in which the
control is -a kncb that moveg in the same spatial plane aa the
display ond is located below the display, and in which multi-
ple displays and controls are smplcyed,

The arbiguity effect, which 18 invoked to account for
inferior performence at 3 and 6 o'clock, probably is enhanced
by the presence of tw0~spat1a11y-separa{ed-pointers, such as
thoce used in the present experiments, especlally when the two
poirters sro aligned, Since 1t would be expected that only
thoste porcsons respending in accordance with the rectangular
(up-down) bypothesis would show negative transfer for the 3
and 6 o'cleeck positions, this provides indirect evidence that -
mast of cur subjects must have respconded at times on the basis
of this hypothesis, even though the displays and the controls
provide a rotury or polar-coordinate system,

% We do not wish to imply any consclious or verbal activity on |
the part of the subloct.

USAF-TR-5832 ' 23



VII. SUMMARY

1. The effects of varicus visual stimulus patterns
foraed by different asrrangements of instruments end pointers
were studiwd, Performance in & continuous, dual-pursuit
task, in which subjects adjusted two control knods in order
to koep twu pointers centered, was used as the criterion of
effectivensss,

2. For this task, the results from three experiments
are in agreeszent in lndicating that subjects give signifi-
cantly superior performance vhen :

&. instrunents are close together,

be instrunents are aligned hori-
gontally, and .

- Ce pointers are aligned ats 9 ofclock
: for horizontally=-separated instru-.
men:s and at 12 o'clock for verti-
cslly-separated instruments, or else
the pointers are counterpoised.

3. In the precent experiments the controls were delow
the displays and rotated in the soms plancs of space es the
instrument pointers, a clockwise rotation of a coatrol result-
ing in a clockwiss rotation of its related pointer. ZThese are
coamon relations, but the present results may not necessarily. .
hold when different arrangements or types of coutrols are ems

%, The investigators hypothesize that peripheral visioa
&n an important role in the performance of a task, such as
t employed in the prerent experimsats, in which two differeni:
stimulus objects are controlled. .

S« From a thesretical vievpoint the demonstratiov that
differences in initi:l perCormance, due to pointer purition rt-
tern, actually increased slightly &nrins fifteen daily practice
aosalom is especially importrat. The effect of changes in
pointer configuration appurently does not depend on transient
unfamiliarity vith a given stimulus pattern, but zust be attri-
buted to well-established differences in the perceptusl-motor
. capacities for making spatial responses to different kinds of
} stimilus patterns,
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