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ABSTRACT T g{,& ‘

v R . . T B

3 /0 >
They purpose of thls study was to examine the efrect o? o
5 .
movement 1 the cueldlmens1on on performanze of a visual

search task. \There were' thiree factors of expérimental in-
térest; movement speed density, and size of the non- tarpet

set. The task requ1red the subject to locate, 1dent1fy, and

3 .

mark LOUP tarcet Jtems presented in a v1sua1 dlqp .\'The

dcpendent variable, search tlme, was the t1me required to -
locate and mark the four targets Epesented on each trlal -

q . ¢

The deslgn for the prlmary analy51s was al treatment by

subjects, factorlal complete block, mlyed model w1th

'-repeated measuges. A tlve way analys1s of varlance was -

R

computed: The test on means used was Duncaan\New Mu]tnple

Ran’e,TeSt A secondar ana‘v31s was com>¢etcd for search
\C C Yy ]

tlmes under 51m11ar non- target item: conclt1ons on;y A rour
way analy81s of varlance was computed The test Oon. means

‘used was’ Dunéan S New Multlple Range Test o ¥
o . .
It.was~concluded.thatvslow movement speed of d?cplay
oo EER B ,
citems caused‘an 1ncrease in visual search tlme uncer (17

]
*

condltlons of hlgh dlsplay density and (2) condltlons o1 .

¢

nnon s1m11ar background : The effect of increasing the dis—

. \
play den51ty caused an 1nccease‘:p search tlmes 1rresnect1ve

.

L%}

of movement or background condltlons empToyed ‘in the study.
vIn addltlon, 1ncrea51ng the 51ze of the non- target set had
1ts greatest effect when v1ewed as an interaction affected

by'lncreases in item density and‘slow‘movement speed.

-
. ¢
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CHAPTER T

INTRODUCTION. "+ . ... o
.g "'“”';'" o e ) B SR
Many of the objectlves of Phy31cal Edi ation are -
achlequ through the part1c1patlon of 1nd1v1duals in actlv—

1ty orlentated programs., Part1c1paﬁlo@’1mpllee performance,

»v‘
o

»whlch suggests the need for phy51cal e

&ators to understand

.the basic components of‘performance.' Human perfOrmance\theJ
ory .as outllned «by Fitts and- Posngr (1967) cfferaione,ap—

proach to sich an: understandlng . They present a view of\coma
-p%bx skllls as belng composed of . reIaLlyely ba 1c compone tsﬁ

It is through an undepstanding of man-' 11m1tat10ns within

[+

‘these ba51c components that the 1netructor can atte’ 3r to - ;5
structure the gctiyity 81tuatlon LO provide ror'optlmaf\per—
formances by the oart1c1pants ‘h ‘ ' . o

yi;l Sducatlon, the

. In most act1v1t1es relevant to Phys

skill takes place in -an env1ronment that 15 ccns*antlv

changlng or has- dynamlc qualltles. Optlmal performance_is .
Pt C o7
partially dependent on the abllity of Lheeperformer to ‘ac- v

9 ;re 1nformatlon from the env1ronment relevanf to" the task

Y

,9g performed The selectlon of 1nformat1bn from the en—f

ment could be con51dered the flr*t scep LD -the produc-
tlon or creatlon of a performance

The selectlon of env1ronmenta1 1nformatlon occurs
6

through many modes, e.g. visual =aud1tory5 and klne thetlc

Selectlon of 1nformatlon through\;RE\ylsual 1nput mode is



_'. . o / ’ '

the maj.r topic: area of/fhls experlment Vlbual beleutlon s
/ R

;of 1nfonmatlon has been“cla551fied generally as vis ual 

N

scarch in the literaiure reviewed.

-

Definition of Visual Seanchv

Visual search is initiated when the information (tar-

gets) requifed'inla,visual display are nof”immedgﬁﬁ

“available.- Egreth (1967) descrlbed v1sual geafch as a task
requlrlng the subject'to locate a epec1f1c,stimulus (target)

. : | p
or set of Stlmull_contalned 1n.an array of stimuli (rnon-

°

targets); _Forsman (1967)fdefined visual search ae-a repet-

1t1ve, sequentlal dlscrlmlnatlon pnoblem perfcrmed uncer a
speed demand . “
| Williams (1965) partitioned the visuai'search,act into
fwo components,'1dent1flgatlon,‘and acqulbltlon.'cidentifi~
cation 1mp11ed th? recognltlon or cla591f1catlon of the‘fov—
eally 1maged objects as targets or'nonktargets AQQUlSlthU‘
1nvolved the selectlon of the 1nf?rnatlon ‘out 1de'theffoyeal
wgrea on-%hich to fixate'next. ‘Thomas and‘Lansdown (1953)
sugéestedvthativiedal@;earch involved foveaW foCusing and
fovéﬁi fixation - They class1f1ed ‘the flxatlon as the per;
i.;ceptuaﬂ part of the act. | |

The constant concept underlylng the\e derlnltlons or

v1sual search 15 that 1t id -an act1v1ty on the part of the

'subject selectlng and testlng objects in the visual- dlsplay

in terms of the target speclflcatloms , oo \gf
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QEVldenLe of Vlsual Search as an Heur%sttc ﬁrcce;s

The operatlonal deflnltlon oﬁ v1sual seacch Found in
IRy ’

2

-the search of the llterature 1mplled an heurlstlc acbl'ity

Qo \ >

on the part of the subject 2 archlng for the targetu_; Sup#

N

port for visual seagfh as an act1v1ty is. found ln many artl—

'cles reportlng @ie movernent datason VLSual,search tasks.

Enoch(1960) found evidence that éupported a two phase

v1sual search process. The flrst was an’ orlentatjon phase

whlch remalned relatlvelyvstable for each 1nd1v1dual sublﬁ%

The pattern of this 1n3t1a1 phase also-remalned stable for ,g’i
1 o’

varlous dlsplay varlables. Fam1]1ar11y of. the materlal in, .

Fevd

the dlsplay was the only varlable Iound that 1nf1uerced thrj/’
£ L
phase.- The effect was that the orlentatlon phase was--short-

’

ened in length of time.
The second phase was a- Spec1ﬂac ,%arch phase. Cues
e ° <
whlch‘would aid in locatlng the target were utilized imme—

dlately upon 1n1t1atlon of this phase. Durlng this pha se

a marked ‘non- unlformlty of coverage occurred at the certre

i3
oy

"‘\

of the dlsplay with less 1n the perlpheral regions. This
result-Was generaliﬁo most dlsplays. Enoch conciuded that".
? ‘the -general path of search was controlled by the centra*'
nervous system The 1nd1v1dual eye movements w1th1n the

. general search pattern were domlnated by Lhe effects of

pﬁrlpheral retlnal stlmulatlon

/ "

Baker (1967) 1nvest1gated search performance on three w

types. of radar screen moaators‘. Tne reported results of thez"'~
[ _S. ‘ v . - . - . 'R o :

’ ' : T



expe

o - . - y

rlment support a_monitor qyot@m wwlch constrains the

'search process to the areas. of hlghest prooabili%y of detec-

tion,

gef”

probability .

A study by Neisser and‘Stoper (1965) reported the effect

“of attemptlng to redlrect the search proce . Cue words r

s

were
Aabse
The

tive

thereby eliminating’ eye fixations in dreaﬁ-of low tar-

1nserted in the Text belng scanned which 1nd1tate"the
nce of the. target in the follow1np flfteen or five lines.
subjects were reported to use the cue words to etfer-m
ly redﬁﬁe search time. . ' g:Q'Jf ‘ . ?

Ellis (1968) usad a system of delcatorb to. modify the

%ﬁearch strategy of his subJectS. e reported that tnroughv

'the

effe

use of free,fearch w1th1n spec1flc resfralnts, hlghi}
ctlve search perfOrmance was obt alned

In conclusnon, tne ev1dence f“cm studie§ﬁﬁ$.vi§tal

'search_imply that-search‘is”heuristicvin nature and thareby

affe

the

—

A C

cted by variables related to the Strategy selected by .
subject. -, » a

N}

831flcatlon of Varlable Atfe”tln“ the Search Proces

‘~sglt
cate
well

1.7

whos

Toward the goal of cla531f1cat'”r of the available_re4'

s fromvcompleted-search GfUdinw t“e\fOL;owing t“?ee

2

gorles are suggested as being uueful from “tggd rch as
as appllcatlon aspects | |
Dlsplay Varlables

The varlables a851gned to the flrst category ﬁefé‘tho é

~

e effect is 1nherent in the structure and'compositiOn of

»



5
the visual display. Varlables such as dlsplay den81ty (num- -
ber of 1tems in the dlsplay) target Ton-target slmatarlty,
degree of homogenelty of non- target itams, wrlentatlon of

.,

1tems, structure w1thln the dlsplay (degree of spatlal cruan~

(&-

ization), and the size and shape of the display are examples

withi¥ this category A more extens iveireview of the display

"varwables ref\yant toj{hls study w1ll be presented 1n Chapter,'.

II.

"2, Performer Variables

’ The second oategory was defined asvvartahles nhich’are'
N

a88001ated with the state ?f the P rformer - One- varlable

could be spec1f1ed as’ the amount of experlence or the phaSe

! \

of learnlng a55001ated w1th the performer ‘

Stern and Bynum (1970) analysed the v1sual search behayZ
1our‘of novice and .skilled hellcopter pllots In general, .
they found a 51gn1flcant dlfference in the search performance
of‘the two\groups. The skl]led pilots spent a c1gmf1cantly
greater proport' n of fllght time ac tively. searchlng the en-
‘vironment duri-z-a cross country flight than did_the novice
fpilots.

5 e , S

Thomas and Lansdown- (1963) 1nvest19ated the VlSLdl
search patterns of radloloélsts in tralnlng - One sub:
constant y exhlblted better search performance than the
other subjects ' Upon further ;nvestlgatlon, it was found

Lhat he had spent three years as dan x- ray techn1c1an before .

enterlng medlclne.
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A second example con51dered was age of tne subject.

"Two experlmental condltlons 1nvolv1ng visual search for a

target letter in two levels of bac}yround confusablllty (low

%

signal to noise ratio) were investigated by Gibson and Yonas
(1966). . The four groups of.subjects were selected from’age
levels ranglng from Grade Two students to Unlver51ty sop};fJ

mores. The grade dlfferences (ages) were’ 51pn1f1cant in

)

both conaitions. The 51gn1f1cantly faster search tlmes ofx.

the older. sub]ecﬁs supported the hypothe51s that quantlta-
- = .
tlve changes occurred in the prccess underlylng Jisual search

ER

through'deyelopment,~ The lack of 51gn1f1cant age by condi-

tion interactions fa.led to .support the hypothesis that

qualitative changes°occurred’during development.

.. Forsman (1967)_reported that 1ncreases in ChPOﬂOLO7lcal

age were related to decreases 1n search tlme The task
1nvolved searchlng for targets of varytng complex1ty (based
-von the number of angles enclosed bycthc target form) ~ The
=COmp1ex1ty had a greater effect on the. younger oubjects than

on'older-sub}ects.- The qualltatlve dlf erénce may, however,.’

E3N

»have been confounded w1th learnln ‘as the gzu bjects had two

- o

'seconds to view the target before the tlmlng of the search

act was” 1n1t1ated
A third performer vgrlable was classlfled as the '
v
achlevement level as measured by the educatlonal success of

the‘subject A study by Rosenberg (1961) compared the per— ‘
‘formance of two groups of retarded subjects on a v1sual

‘ search_task; The range of I.Q. s for the former group was



35 to 37 1while the‘I.Q. range for the latter group was 5
to 89. leferent nonsense’ geometrlc shapes were placed in

each cell of a 36 cell matrix. 'The target chape was rardom-

I

ly selected from the set of 36 For each trlal The two
,exposure condltlons of the targets prlor to each trlal were

- four seconds and contlnuous exposure. The same matrix was

\)

used on.each trial. Rosenberg reported that the lowesf T.Q.

group.Was‘significantly poorer on ‘the task under both stim-.

interactions: were reported as

ulus exposure condilions.4 Nj
‘significant. |
Sinack (196§l questioned‘Rosenberg’s coustanf pres¥
_entation'of the Saﬁe search mafrix'(visual display) cAl each
'trial. He Suggested fhe presence of an incidental learnlng
81tuatlon whlch would confound the perceptual nature of the
task. - He- also questloned the possibility of a dlffcreutlal
effect of the speed set (four second.expogire OJidltltD,.
Welland (1969) compared the visual search behav1our of
'retarded sub]ects with subjecfs of high academic achlevgherf.
.dBoth grdups were similar in age. Thebsearch/%ask 1nVclved
'background den51ty andmbackground similarity. - The above
‘average group exh1b1ted¢s1gn1f1c;nt'changes'1n thefspeed,v
parameter across thé density’facfor'” No significaut'chauge'
wac found in the accuracy of this group under any of the four-
experlmental condltlons The below average group exhlbﬁted’
51gn1flcant changes in both speed (Search tlme) and accuracy

(om1881on and - comm1031on errors) The flndlngs were used ,as

support for the hypothe81s ‘that qualltatlve dlfferencec as.



N

‘well as quantitative‘differences existed between the two
J.achlevement groups on a visual uedrch(fask
3. Task Variables.

The variables assigned to the thir.! cavegory were asso—
-ciated with‘thé specific requirements'of the‘search task.
,Arzoult (1960)‘proposed three.types of tasks\common to the
general arc. of visuél %earch;~eThe first class of task‘Was

elaSSified as[ iscrimination tasks 1n whlch the subject 1”1ﬁ
_responds to a change in the dlsplay with the response, s;he
or.ilfferent, The‘second'c}ass of task-lnvolved recognition
in wﬁich the‘subject responds by stating the target as'the‘
Séme as a'standard. The third class of tesk was desigrnated |,
as'fdentification‘in wﬁich the,subjeotfrespohds by'cleSSi—
fying the target.f Arnould{s'propOSed.olassificatior eppemred'
vto involve. 1ncrea51ngly complex cognltlve act1v1ty under-
lylng the search process. |

A second variable assigned to-thls odtegoryvga~ the
size of the target set A series of stpd’es oy Kaplanbdnd
Carvellas (1965) Kaplap Carvellas and Metlay (1906), and
Metlay, Sokoloff and Kaplan (1970) reporteo a 5lgn Llcant
increase in search:t;me as the size of the targer set~(num:J
'berrof;possible targets) increesed,

A thlrd cla851f1catlon of task was reported by helsser
»(1963) He conc’uded that drch times were SJgnlflcantly
longer for tasks 1nvolv1ng search for the absence of a tar—--

'

get than for the presence of a target. Erlksen'and Collins



.
(1969), and.Brown‘and Cnicv (1970) reported 81nllar results.
lNelsser and Beller (1965) 1nvest1gated the effect of target
steclflcatlon on the search process. The search penformance
through work llsts for targets belonglng in a large nori-
spec1f1c class (e.g. anlmals) w3s 81gn1flcantly slower- than
'for targets belonglng to a smaller more ape01f1dsolass
(e. g days of the week). o : v
Intsummary, to_fully undePStand a specific search per-
.ermance, factors involved in-thevcompositien'of the visual’
‘display, factors describing>the state of‘the performer, and

the factors involved in the actual task should be considered.

Statement of ;;E\Problem ' : ‘ R

The vast ma]orlty*of studies. 1nJe tlgatlnw aspen -of

vthe v1sual search process pev1ewed by the author nave used
visual dlsplays in which the dlsplay 1tems have been static.
The visual di plays-relevant to activities‘in the vrealm of
Phy51cal Educ tion, however, would apDear to be ayramlc in
1 the sense th t some or all of the dlsplay 1tem° are moving.
The prop sed dlrectlon of further research is to ascer-
 tain ‘the main and 1nteract1ng effects of varlables, whose‘ N

effect @n_ earch performance'has been documented'for static

displays, fAn dlsplays contalnlng aynamlc qual tie

The s udy 1ntroduced one element of motlon intor, stat-

N

ic dlspl A0 Thls element was that of movement w1th1n the

Y L

cue dlmens1on Thus, movement was 1ntroduced across the

orlentatlon factor of the: dlsplay and was manlfested as item

%
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rotation. . The partlcular advaptage of . this qtuoy in terms',7

-

of practlcallty was that the spatlal locatwon of the 1iems
: P
remalned constant throughout the display, thus elimlndrlng

the need for elaborate eye movement recordlnps fer perLorm

3
1

ance,analy51s.e

The second fectof investigafed.was:that of'display‘deﬁ—._
_sity (item numerosity) ~The effect of display densnty was
found to be a slgnlflcant factor in all studies. u51ng static .
dlsplays."'* | ‘

4The‘third factor-ufilized, cOnoefhed'fhe effect of the
honftarget items in the display. - The” primary aspect investi-
‘gated was the effect of a non-target set consisting of oneb
_non;target.shape (similaf baokgfound)_and a non—target.%et
consistiﬁg of fouf non—farget.shapee (non-similar beck~
gfoﬁnd). ‘The‘secondary aspect‘inveetigated'was.the'target“
non—tahget.similefity;

'The study analysed visual search performance across two

levels of density,vfwovlevels of.hon_target similarity,-fouf

. +
v

levels of target non- target 51m11ar1Ty, and three'leveié of

‘vmovement speed

Aseumpfions

Thé study was ofganized to compare the input effieie%oys
of fhe humen operator ecpose several visual search'diépiays.
eThe total test‘involved aii,tﬁree componenteeof human per-

Tormence;‘inpuf,‘processing; and‘outpﬁf. .The‘alfefingkof fhe

S

experimental factors'(densify, non-target sets, and speed of
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movement) was assumed to result in changes only relative to

the 1nput operation of the human performer

It was further assumed that the Visual search task

employed held the taskaand state of the performer variables
£ ,

reasonably constant. To further this assumption, the target

shape was .constant for all experimEntal conditions. In

addition, a relatiVely homogeneous group of subjects was R

]employed for the studya

b The timing mechanism used for the measurement of the'
dependent variable Osearch tlme) was 1n1t1ated by the exper—
1menter on each trial. ‘It was assumed that the variations

in the experimenter's regction,time would not constitute a

form of bias toward any of the experimental conditions in

."gthe study.

Delinitations

The study 1nvestigated one aspect of. movement 1n a dy—-'
namlc visual display, that of movemen?\ in the cue dimension
(item rqigtion) The cues available for item discrimina&ion
“were restricted to one dimension shape; ’Other dimenslowo |
jsuch as colour and size were held constant throughout all

experlmental conditions

‘Limitations

[

The'investigator initiated the timing'meChanism at the
»start'of'%fch trial. = The variations of search times for the.
first target was partially due to fluctuations W7thn the

reaction time of-thebinvestlgator.
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The size of the display items and the area of the

‘visual display were constant for all experimental.conditions.

As a result, the packlng den81ty for experlmental condltlons

'1nvolv1ng hlgh den?xty ratios was greater than for eﬁi\ji—z

N\

mental cqultlons involving low den51ty ratios.

N

The: study was exploratory in nature, by the fact that
the writer falled.to find studies dlrectly related to the

problem. ‘Thlé fact, in addltlon to the method selected for

¢ -

measuring performance, falled to permlt 1nvest1gatlon of

>

the prec1se psychologlcal processes 1nvolved in the- study 7§§§:"

These processes have been collectlvely referred to as the

R

-1nput component -of - the visual searcn task.

% -

Definitions -

.

Display Density. The number of items within'the
boundaries of the display. The density was expressed as

the ratio of target items to non-target items.

Movement Speed. The rate of movement was the rota-
tional speed of the display items, 'The movement was con-

fined to the cue dlmen51on.

'Non—target.; Any geometrlc shape used in the study

with the exceptlon of a square.‘i

Non—target Slmllarlty.n The number of dlfferent 1tems

belonging to ,the notharget set. Slmllar displays contalned

A}

| . : ‘ 4""‘\' . T IR ) L. .
only one type of nqn~target”1tem.g:Non—31mllar,dlsplays con-

9 IR

Packlnngen31ty.. The degree to whlch the total dlsplay

A Gl .f.-,

1Mtalned an equal number of the four types of nen- target 1tems;j
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area is filled with target and non-target items. The

pProximity of the display items was a function of the display

area and the number of items present in the display.

yo Seerch Time. -The tlme requ1red by the subject to

locate the target items for each trial was deflned as search
tlme. ‘
‘Target. A geometric square.
— % o e

Target"Non—taréet Similérity Slmllarlty betwzer

target and non-targets was deflned as the degree to which

e

the non- target shapes resembled the target shape




" CHAPTER II

RELATED LITERATURE

-

The available. llterature concernlng v1sual search can

be cla551fled into three categorles dependlng on the type of
varlables 1nvest1gaté&- display varlables, perf¥rmer varia-

9

bles, and taSk'variables. The literature considered relevant
for this study pertain to the factors ~assigned to the first
category,- that of dlsplay varlables. The 1n1t1al tOplCS are
presented to prov1de the general framewo/k within which the

present study was desxgned _ The latter toplcs provide a

rev1ew of the spec1f1c effects of the factors whlch were em~r
& ,

v»ployed in the- present study

[T
‘o . N
o

Display Factors Nécessitatihé»Visual Search

Visual search is initiated when informatioh required

from a ‘visual display is not 1mmed1ate1y avallable. The

eff1c1ency and ultlmate success _ of the search process for

each 1nd1v1dual subject is determlned to a larqe deqree by

‘the env1ronmental factors present in the search field.

‘Gottsdanker (1960) referred to these factors as search

‘determlnants. They are as follows: : "~7

1. Inter€§51tlon. The partlal or complete blocklnq of
the target symbol from the viewer. |

2. Smallness. The relatlve size of the target symbol
as compared to the size- of the total dlsplay area.

3, Weakness. The-relatlve contrast of the target

oy o . N

14
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symbolmas-éompared to that of the total display area. -~

4. Distorrion, The perspective deformati:n of the |
'targer due hovorientaﬁion of the target; or variations in
'den51ty of the 1nterven1ng medlum.
- 5. I@beddedness..-The de- empha51s of target symbol
_contours by the us# of ségghg 1nner.contours; or the partial
shariﬁg'of eontours of target and aonftarget‘syﬁpols. |

‘6; Competition. The discrimioation.problem inyoiVing
don—taréet symbols_within the visua; display containigg the
target Symbol.i" R o o o . -

The determinant related to the present study was that

of competitionf

Visual Search Dimensions

R KR o , o
. The foremost problem in visual search tasks conducted

through a display containingwdisplay items is that of d}sw.
criminating target items from non-target items.;-Sleightv

(1952) 1nvest1gated the dlscrlmlnablllty of 2% qeoneerlc

. forms. The effectlveness of form dlsqumlnabzllty was eSLl".

mated from the sortlng time requlred for each form. 'Tneg
attentional valoe'of eaoh:form[was determined by the order

. of'priority of the subjeet's selection.’ Slelght c0ﬂc1uded
hthat the dlscrlmlnablllty of any geometrlc form was not
exclus1vely 1ntr1n51c ‘to the Yorm but ‘on -extrinsic qualley
related to the. kotal dlsplay characterlstlcs.

| The effectlveness of colour as a search dlmen51on has

: been 1nvest1gated by several authors. Green and Anderson

)
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(1956) studied the effect of colour codlng on y:sual search7
Whenvthe‘subject knew in‘advance of the\\olour of the target
the search time'was épproximately proportlonal to the humbér
of symbols with the' same colour as the target. All dlsplay
1tems were two dlglt numbers. The search t1me was dependent-
;/; on the total- number of 1tems in the dlsplay in the condl—
’ tlons where the sub]ect was not aware of the target colour

prior to search Search tlmes through multlcoloured dlS—
plays were sllghtly longer than for. unlformly coloured.dis-
plays 1n condltxmns of prlor knowledge of target colcur.. J
Smlth (1962)(1963) used colour dlmen sions for dlsolayt
varylng .in 1tem numer051ty from 20 to lOO 1tems. The ase of
";colour was related to a 51gn1f1cant decrease in searta tlﬂg.
Smlth falled to detect a slower search tlme relatea “to nqlt1~
coloured dlﬁplays than was feported by Green .and Z\nderson

Smlth (1962) suggested that the prOJectlon techn]qte employed

L by Green and Anderson in thelr 1956 study led Lu & d :pth

Llperéeptlon factor wh1ch slowed search rate.
. Erlksen (1952) 1nvest1gated ‘the effect on ealch *Lme
of the number of dlmen51ons on whlch the 1tems dlffered
The dlmen51ons used were hue, form s1zé, and brlghtnecs.

N .
Predlcted values were calculated us1ng a welghted gEUmct1L~
mean of the locatlon tlmes of the 51ngle component dlmenslons
The s1ngle dlmens1on with the least ‘mean search tlme was as- '

S

51gned a welght -of two, and the dlmen51on w1th the longer

search time wds glven a welght of one ,Hue was.51gn1f1cantly

- ' ‘ i . i \‘



.faster than the remalnlng three dlmen51on

a7

and form was

’

_ 51gn1f1cantly faster than brlghtness and sige. \

tho or three dlmen51ons were spec1f1ed

*

051ng an eye fixation measurement technique, Wllllams
(1966) reported the effectiveness of three dlmen51ons size,?

shape,-and colour, on visual search performance.“ Héifound

" that colour was the most effectlve dlmens1onal cue. When

r to earch the-

subject generally flxated dlsplay 1tem based on one of: the

available dlmen51ons. The order of.prlorlty whs colour,

51ze ~and shape.' The efficiency of searchlng, as shown by

—

the mean search tlmes, also showec the superlorlty of colour-

codes. Mean search times were COlour 7 b seconas size‘l6,4
; N : _
Thus, in v1sual dlsplays the number and type of search -

seconds, and shape 20.7 seconds.

dlmen51ons affect the search performance. In general, colour

is the most effectlve dlmen51on.
o ) .

Measurement Involved 1n Vlsual Search Studles"

V‘V

The most common dependent varlables used in visualwd;

‘s

' search experlments were search time, scannlng time;, and

°

errors.' The task responses in varlous studies 1nclud3d vis-
ual locatlon p01nt1ng responses, verbal_responses, card ;\-
sortlng,'and»ltem cancellatlons. v:¢' ) o , |
Search t1me was a measure of the total elapsed tlme
from visual presentatlon of the dlsplay to completlon of the
1dent1f1cat10n response.A The components 1nvolved in total

search,tlmefwe%; the initial delay at theistart of the task, *
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.~ the time;spentton~the ‘isyadl search, target recognition time,
.organization time of the appropriate response, and the ree
sponse time. ‘The assumptlon made by 1nvesL1gators using
search tlme as -a dependent varlable was that the fluttua—,
.tlons~1n Search_tlme due to independent variables such as
density and background,rwould have:the greatest effect upon
visual Search: The manlpulatlng of visual variables should
jnot influence the tlme 1nvolved in motor re@ponses.f

o Nelsser (1963) dev1sed a method to determine the scan—\
" ning rate (search rate) for each item of a dlsplay ‘The~7
target . p051tlon was plotted agalnst the search time ‘and a
vllne was drawn using the least square method. The.slope of
this, line was a mfasure of the time- requlrec to search an
1nd¢v1dual number.‘ Thls measure ‘unaffected bV the 1n1tval-l'
%delay and some response.factors of the search task repre-
sented a relatively- pure measurement of search race.

In a study by Kaplan .Carvellas and Metliv (196t

the subject was photographed as ‘he searched a dlsplay and -
'cancelled\the approprlate target atems. Search rate was

Y

deflned as the elapsed time between succe531ve cancelletrons

-~

d1v1ded by the number of non- target items between the can-

S e
-

‘cellatlons.'

~ The use of search rate as the dependent varlable 1n
4‘search tasks nece551tated an organlzed search pattern (11ne
by llne) by the subject. Thls requlred a v1sual dlsplay so

structured to produce thlS searchlng technlque and the

&
B S
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co-operation of thg sﬁbjeéts involved. 'The_use of search
time as a dependent variablé, while not.beiﬁg as'pure a meas-
ure,*alioﬁed freedg%‘of search stratégy5by:eachvsquect.
?tudiesrthat involved some form of random placement of sym-
bolé, used totai search time asra'measure of the‘time‘paxa«

‘meter. (
. 3 _ . S ) LAY
A third measure of visual search performance was error

score. The two types of errors common to visual search ex-
periments were omission errors and commission errors.

3

‘Neisser and Beller (1965) defined an bmgssioh error as the

- failure to locate a target iteﬁ. A commissién error was
definedias én inappropriaﬁe-res§0née to a non—tar%gt iteﬁ.
1InnseVeral visual ééérch studies, the number of commission
.errors was relatively few‘(quwnrénd Chick, 1970, and' |

iNeiSSer'et al, 1963). - . - . | - : »

\

Display Density and Visual Search o A

From a-pr@cficai standpoint, it would seem.féésdnable'
© to aséume that the sPeed of_detectionvdf a térgét.would~be -
'-directiy related to the nuﬁerosity_of non—téfget items in

thé same &isual‘displé§}f Mcéiili(1§60) used backérdund
densities'of,24, 48,:72, and-96.in-a search task. The dis-
-pléy'itemS'Were ﬁhrée'digit numbers raﬁdomly placed'ihlan'j
18 inch square. The recdrded searCh times were directly:
_ related'tp the number of.alternativés”(deﬁsiﬁy). An iﬂ-
fcfease’in'the'ﬁumbgrlof §1£ernatives¢caused°an‘incpgase in

the search t: e. The'relationship between search'time and

L
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density was linéar.

| ‘Green and Anderson (1956) found that the- search time
was proportlonal to the total number of 1tems 1n the dlspla/.
The,sub]ect s prlor knowledge of the colour dimension shared
by the target item reduced the search time. This reduced
search time washproportional to the number of ltems'(density)

similar in colou” to the target. Studies by Smlth (1962)

(1963) reported a similar relatlonshlp between dens1ty and

‘search time.

X

Nelsser (1963) compared the rate of scanning for a: tar—=

3

get letter over items two letters and six letters in w1dth

The six letter item llSt took s1gn"rlcantly longe" to search

_than the two letter 1tem llSt. Thls slowe1~scannlng rate

was attrlbuted to the larger number of letters (den51ty)
through which ‘the search was.conductedr
" In a subSequent eéxperiment, the,search rate for six

letter 1tems was compared w1th four letter Jtems. -The four

.letter 1tems were composed of the spac1ng of six letters b/

the use of two dashes between the letters 'The'longer'scan
, o
ning rate associated w1th the six letter 1tem list conv1nced

_Nelsser that the horlzontal spread was not the crltlcal fac—

tor in search but rather the number of letters (den51ty)
the dlsplay
The conclu51on from the prev1ous studles is that search

time 1ncreases as the number of 1tems in the dlsplay in-

»

. -

. Creases. - The assumptlon underlylng thls observatlon is tnat'

\
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 the display items lie within the same visual dlmenslons.

Target Non-target.similarity

Studies by Nelsser (l963) ﬁeisser,tNovlck, and Lazar
(l963) Kaplan and Carvellasv(l965), and‘Kaplan, Carvellas,
and Metlay (1966) reported that the subject does not recog—
niZe the‘non—target items at a'conscions-level. Despite.
this lack of 1dent1f1catlon by the subject, ‘the non;target
items in the dlsplay did affect search performance.

Neisser (l963)~found that target letters formed from

'Stralght llne segments required a greater search time when

»1mbedded in a dlsplay of 51hllarly constructed Jletters than

when they were 1mbedded in letters formed from curxed line
segments.;f~

Glbson and Yonas (l9b6) used two condltlons of back-

.ground (non target) confu31on based on the curved or stralgh»

llne segment letter format. The target letter was alwaYS-a

G: The 18w cgnquion-background consisted offthe angular -
}letters L, 'K' v, M, X, and A., ‘The high confu51on bacquound,

' used the curv1llneaf letters B, Q, C J, S; and R. The-

1
e

subjects were selected . from second grade, fourth gradée, sixth

'fgrade, and sophmore-unlvers1ty students, A significantly

‘longer search time for all groups was reported for high 'con-

fusion backgrounds.

L
‘lv_‘uw

‘Kaplan -onas, and Shurcllff ( 966) reported a s1mllar

% B P,

.effect of background confu51on on v1sual search The study

»

':-employed a hlgh and low level of v1sual as well as g‘

s

e
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acoustical cohrusabllity. - The effect of acoustical confusf
ability was not significaht while the effect of visual con-
fusability.accounted for a significahtidifference in scarch
time. It should be noted that this study used two tdrget
letters and required a motor responsevfor.specifylng target .
discovery. v_b
Gould and Peeples (l970) reported that the duration of
eye flxatlons on objects w1th1n the v1sual dlsplay was dl—’
rectly related to the degree of 51m11ar1ty of that object to
the target. In addltlon, the target non-target srmllarlty
7: 3 directly related to the probability.of fixatihg ahy given
object and the sequence‘of fixatlng the objects.
The results derlved from the/prev1ous studles "JPPOL‘
the conclusion that the degree of srmllarlty between che -
‘targets and non-targets affects search performance. The

~

greater the similarity between target and non-target items,

e

the greater the search time.

Size of the Non-target Set

Gordohl(l9685 ihvestigated the effects of four norn-
targetvitems aﬁtingvalone‘(homogeneous backgrouhd)'and'theh,
actlng in various comblnatlons (heterogeneous bacnground;.
'_The target symbol was an "a" and the background symbols used
were "b" u"c", "d" 'and e, fhe.backgrouhds used in'the»'
study were each letter alone (background ratlo of one to

.one), each p0551ble palred comblnatlon (background ratlo of '

one to two), and the four letters (background ratio- of one
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to four). A significant difference was demonstrated between

the mean search rates for the three_background ratios. The -

rate -of search varled dlrectly with the number of types of
d’

o

background letters present in the dlsplay

A second experlment used nine cell matrlces in place of

g

letters as items. . Four cells of each matrix were filled

_With a dot. The non—target matrlces had no overlap cells

w1th the target conflguratlon.’ ‘A third experlment used the,
~same materlal with the exceptlon of the ‘inclusion of one

- ,overlap cell in each non target matéix w1th the target ma-
Ttrlx. ~The analy51s of search rates revealed the same effect
of background in both experlments. »Increased heterogeneity'

of background slowed search rates. ‘The d'fferencev between

y2
the condltlon means - for the second and thlrd experlments

L —_

were not 51gn1£1cant. Gordon hypothe51zed that homogeneltv
of background allowed a longer saccadic eye movement fol-
owing a»flxatlon. As background became:mOre hetierogeneouy,
thé-diStance‘between successive flxations would decrease;

- thereby increasing search time.

’

In a further study) Gordon (l969)'analysed eye move-

ments of subjects performlng ‘a search task. He used non-

target sets of one two ;. and four 1rrelevant letcers.

.Search tlme was 51gn1f1cantly hlgher for the larger non-

ﬁarget sets. This increase in tlme,was reported to:be due -
, ' ‘ - o 2 ‘ . -
to a 51gn1ficantly greater number of fixations, and a greater

‘number of regressions (eye movements back over previously
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searéhed material) . | | ‘
In highly struCﬁured displayé (printedxlines of élphaa
betic lettgrs), the search pefformanée'was affected by the
size gf'the_non—target set. The lafger"the non-target Set,:'

the greaker was the search time.



CHAPTER IIT
METHODS AND PROCEDURES

In reviewing visual search literature, a lack of infor-
mation concerning search performance through fields contain-
ing elements of motion was revealed.

2

Cutside the cue dimension. An example of this type of mo-

>

One category of motion coufd be3classified asfmotioh-

tion would be trahslatory'mgtion\ or dlsplacement of dis-

play items which are bevng adentlfled by some characterlstlc"
X _

other than spatial 1ocatlon (e.g. colour, shape, or 51ze).

Measurement‘of dependent'varlables such as search. time and
R . o . . [

commission errors, requires eye'movement camera'techniques.
. , N ,
A second category of motion could be CLaSblfled as

movement within the cue dlmen51on An example of this t&pe
of motlon would be . rotatlon of the dlsplay 1tems whlch are
“being 1dent1f1ed by shape. Measurement of the dependent
varlables such as search tlme and errors, can "be made using
the same technlques as used in static dlsplays.- for %his

reason, the present study investigated search perfeormarice -
in a visual display containing mdtion within the cue dimen-
sion. . — . o o
: I e : s
e ) S - AR

e o . : T

.. Hypotheges S o | ‘ R

Hypotheses were. formed ad hoc for the maln effects of
the 1ndependent varlable, den81ty, in. both sectlons of the
experlment.

25.,
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; i “y
2. The effect of 1ncrea81ng the*@%@@ the non tar gettag,

set from one to four will result 1n an€

. % e -
© o .

time. ’
% | : S -
Hypotheses were formed post hoc for all other main and
interaction effects of the independent variables. The hy- -~

-

potheses were tested using an,alpha'level of ".01. -

Display Items

The 51ngle dlmenSlon on Wthh dlscrlmlnatlon cf target
and pon—tdrget coUld,have occurred was shape. Dimensions’
‘such as size aq@.hue were held constant. The tauget item

was constant throughout all experlmentalzggndlt&enu.‘”Tﬁeif‘

B .,4/"' <
e — T

target shape was&gbsquare*TFigure la). The,four non-target

sha eS)we/r—e closed eometric shapes haViﬁ ‘a [)roximatelv
ge g >
e 3 . ; } FRA .

the same subjective area as the'square'(Figufe’lb).

a - e b

FIGURE 1  VISUAL DISPLAY ITEMS

&
- .\'g :
ER e



‘«vnsuch that the rotatlon sPeed ‘of the 1tems was not grei"

ISubjects
‘A group of 12 male subjects were nandomly sclected from
a section of the freshman phys1cal educatlon clas° for the
experlment. Two condltfbns were placed on the selection of
"the subject.. The subject‘had normal_or corrected normal
vision, and he was available during‘the'week the test was
"‘conducted. The range of;ages was 7.0,years.with a nean_Of
21.1 yearst | J

Independent Variables
.3

Three lndependent varlables were seIected for 1nves—

tigation_in the primary section of ghe study. The Second

“VarlaBle con51dered was that of density (item numerosity)
.represented by the target to non- tardet ratio. The'two
ratlos used were one: to four and one to twenty four repre-
sentlng the low and hlgh den51ty condltlons respectively.

The thlrd varlable selected was k&f;i}ze of the non-
Jtarget set Two sizes of non- target sets wene used a”setv
~,of one non target 1tem (51m11ar background) and a set cf
four non target 1tems (non 51m11ar backoround) |

The flrst varlable selected for. 1nvest1gatlon ‘was speeo
of?movement.“ The-three levelssof movement speed used were

static (0 révolutions per second), slow Aa pnékimately'l.u

/ ' .
imately 2.8 revoe

o ’
lutlons per second) . .The restriction on the fast speed was

revolutions ger second), and fast (appr

4

enough to cause shape dlstortlon. o : =
: - '2:‘ . g PPN ' V
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inpefimental ConditiOns

The levels of théthree factors were combined to yleld

12 experimental condltlons (Table .

TABLE T a,’

TREATMENT CONDITTOHS.

. — _ . ' —
Condition Movement . Density Ratio Size -of Non-target
s ' T o Set
1 Static _ . 1uy ; 1
’\;_/j 3 S Fast ' C1:y ) ‘ | 1 . .
. ) v - i ‘ .
o  Static l:u Y
5. Slow . - | 1:4 "
7  Static b 1oy )
8 Slow . 1:2y ) 1
g ~Fast : 1:24 ' 1
10 vatatic 1:24 S y
ll . Slow - 1:24 u
12 _ Fast - 1:24 : o

2
&
v
-
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Preparation of Treatment Conditions

For each of the" experlmental conditions, four segments

(representlng the four repllcatlons -per condltlon) were preQ

pared The locatlon and orlentatlon of the dlsplay 1tems W

-

Were random w1th1n the constralnts of the search field. The
size of the search fleid and the dlsplay 1tems were constant
across all condltlons and repllcatlons - As a result the
packing den51ty for the hlgh den51ty oondltlons was greater.
than for the low den81ty condltlons

The low den51ty condltlons were of ten second duration

and th%«hlgh den51ty condltlons were '35 seconds. in duratlon.
(

The cost of produc1ng the experlmental condltlons neces-

‘Preparation,of the Display Film

L9

sitated conservation of film.‘ It was predlcted prior to

~

fllmlng, that ten seconds would be an adequate time for the

subjects to locate all four targets under the low denstty

’

condltlons : Upon completion of the experiment, 1t was'

noted that all subjects completed the low denalty condltlons'

w1thout 1ncurr1ng any omlss1on errors.

-

The number of film segments produced was u8 determlned

by ‘the two den81ty levels, two background levels, three move -

ment’ speeds,;and four repllcatlons. The 48 film segments-

were then spllced in a random order. The order was random

w1th the follow1ng constralnts on randomness, that no more -

than two segments of 1dent1cal den81ty and background move -

RS

ment speed or repllcatlon could occur in success1on.
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i; The'display film was then constructed witﬂ 12 feet (30

,secmnds) of yellow leader between each of the 49 film seg—A

i L e £t
ments.: ‘The. film was 3H mlnutes in 1ength con51st1ng of 2u

[RETN o : A . . . .

segments of ten seconds and 2u segments of 15 seconds. The

-

fllm was progected at a rate of 16 frames per second.

‘ DOuble perforatlon fllm was used to pe?hlt the fllm to

Ee hown in reverseborder As a further precautlon agalnst'
an order of presentatlon effect the fllm was shown in re-
verse order to six of the twelve subject ‘A descrlptlon

of the constructlon of the fllm is 1ound in Appendlx A.

jApparatus" ' v . t ‘ 4. 3 . j
| The'seduentiai timing apparatus (SEQA) consisted of

three cbmponent3 pa marklng pen, a stepping'relay, and eight’
"Standard Electricé&hrondscopes | ‘

| The marklng pen con51sted of a pen cartrldge mounted -
inside a copper pen barrel (Flgure 2). A mlcro—swltch‘was
mounted on ‘the upper end of the pen banreT: The micro-
sw1tch was w1red to the stepplng relay component of SLTA.
| Elght Standard £1ectrtc chronoscopes were w1red in
phase to the stepping relay. The time to iocate each target
item wasldiSplayed'én the Chronoseopes A secondamicro~
switch was used by the 1n¥§st1gator to start the first chzon'
oscope on each trlal Slmpllfled wiring dlagfams for the
apparatus appear in Appendix B. L e

B

The viewing apparatus,eonsisted of a Kodak 16 mm. pro-

Iy

jector and a rear view projectlon screen.. A plate gIESS
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- referred to as scan tlme, whlch ellmlna

. 32
. R ! ) . a . : . ) B ’ -
‘barrier was situated jdirectly in front of the projection
' e e o . ' l

screen and a.sliding plastic sheet was mounted'dlrectly on
the plate glass. The plate glass barrler preventec any
vdamage to the prOJectlon screen as the subject located and
marked the-target items. 'At the end of each-trlal, the .
plastic sheet was.moved to preVenttconfusion on the subjectfs
part‘as:to what targets had been located (Figure 3).
The’viewing,apparatus.was nounted.onja‘table and a
black wooden screen was constructed to block all the appa—l
ratus from the view of the subject w1th the eyceptlon of th'

viewing aperture. The stepptng relay and the.chronoscope

“Componenté of SETA were located outside the testing room.
\

The 1nvest1gator observed the subject durlng the courvc oT

the experlment through a one way mlrror .mounted in Lhe wall

of the testing ropm dlrectly behlnd the subject

The Dependent Kariable B - ‘ -
Previous investigators have made use of three search
\ performance parameters. The most common medSUTe'of perform—
;

ance was time. Nelsser (1963) employed k! measure of tine
; ‘0Q7)

2d the-lnltlal reac-
&'}
. tion tlme (see Chapter IT).  Smith (1962)(1963) and Promlsel

]

_'(1961) used search tlme whlch 1nclude§ the response tlme

PN

The present study used -the total t 14 '*to locate and mark the

four targets (squares) present'lm/;‘ch stimulus trlal as.the

dependent varlable" : ;"
v

' A second measure of searchipgrformance’was the frequency

G



1‘
T2
i
5

£
l. ,Table
2. Blind
3.'vPlasti¢ Sheetingv
4,4_Plateleass
5.  Rear View,Projection_SCreen
6. Film Projeétor’
7. Subject's Séat "

FIGURE 3 VIEWING APPARATUS

33
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of omission errors. An omission error was defined as the ,
failure to locate and mark a target.item present in the
_stimulus trial. The present study employed a llmlted time
period of P°esentatlon e.g. 10 seconds and 15 seconds for '
~low and high den31ty condltlons respectlve ‘y. As a result,
the occurrence of omission errors was p0831ble Tne perform-
ance time for the stlmulus trlals on which omission errors
occurred was the total time the presentatlon was avallable
to the-subject.v |

The third measure of search performancevwas tne fre-

quengy of commission errors. A comnission error was defined
as the occurrence of a target response to a non- target item.
For adult subjects, this parameter could be used as an -indi-
" cator of the-speed accuracy set employed by the subject.
The frequency of commission errors was expected to be rela—
tively low and, .as a result would not be partltloned out in
the anaiysis. Any subject commlttlng more than one per cent
commission errors was considered a hostlle sub]ect, and his

data eliminated'from the experiment.

Procedure

* The sub]ect was seated in front of the v1ew1ng dpenture‘
and the set of 1nstruct10ns were read (Appendlx C). ' The
sub]ect was famlllarlzed w1th the operatlon of the marklng
pen and_the moveable plastlc sheet.. The subject was 1n—_
.structed‘to locate the targets-(squares)‘and mark them as

'unickly'and‘accuratelyfas possible. Upon completion of the

P
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instructions, the projector was started -and the investigator
« ﬂ,

left the testing room and took his seat behlnd the one-wvay
mirror.
After the flrst 2y trlals, 2. short three to flve mlnute'

rest was taken The last 24 trlals were then completed

Durlng the 30 second rests between trlals, th - performance

times were recorded by the 1nvest1gator on coded data sheets

L

Experlmental De81gn

The de81gn underlylng the experlment was that of a
treatment by subjects.' Each sub]ect recelved four trlals

'under each of the 12 experlmental condltlons.v

Statistical Model

The statlstlcal model used was a. three : two bv two by

Iy

four by twelve factorlal with .one entry per cell The model

consisted of three movement speeds, two levels of‘den51ty,

and two levels of size of non target set. The four trials

for each sub]ect under each experlmental condltlon were

A

treated as a repllcatlon factor for dlagnostlc purposes
‘_The 12 subjects were treatéz‘as a repetltlon factor for .'
) dlagnostlc purposes” é-', - S s

. The levels of dens1ty, background and movement speed

«

‘were, con51dered flxed The levels of repetltlon and repll—

catlon were con51dered random. The resultlng model was ‘a

‘mlxed model with complete blocks :{

The secondary Phase of the experlment 1nvest1gated the

.effect of the fou- dlfferent-non—target_ltemsion'vTSual

N ’ e |

4 . " A

i ot
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search performance. Only the search times secured under

:similar non-target set conditions were used. The resulting

model was that of a thfgé by two by four by twelve. The

o

model consisted of thréé mévement speeds, two levels of

dens%ﬁy, four types ‘of background, and 12 repetitions
(subjects). The repetition levels were considered random.

A
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CHAPTER IV

- RESULTS AND DISCUSSICN

THe analysis was divided into two segments. The pri~

_mary analysis invalved,the‘following factors: movement

speed (m), density (d) size of the non—target’set (n),f}
replications (r) and subjects (s) .The secondary analysis

1nvolved the follow1ng factors ‘vaementEspeed (m), density

h(d), type of babkground item: (b) :and subjects,(s);

AnalX81s of the Data -
The data was entered and verified on IBM data cards.
The data was processed using a Fortran IV program for an h
way anaIYSisﬂof variahce ' A test on means followed. The‘
Ol level of 51gn1flcance was requlred for the rejectiocn of

all ad hoc and Bos hoc hypotheses Post hoc tosts'of hy -

.potheses were performed upon securing s1gn1f1cant Lnt&”ab"

tions. The .005 level of significance ( ) was reguired fecr

T

rejection of all hypofhesesg"The'test'oh'means qsed-was

Duncan's New Nuitiple Range Test.

ﬁ\.

Results of the Primary Analysis

A five way analysis of variance was performed on the.

- search times under the 12 experimental conditions. The re-

sults of the analysis arehfound:in'Table_iI; The complete -
analysis is repOrted in Appendix~D | The five hypotheses

foﬁhed concernlng the main effects were:

37



TABLE'II

PRIMARY&ANALYSIS
ANALYSIS OF VARIANCE OF SEARCH TIMES (SEC.) BASED
ON THE TIME REQUIRED TO LOCATE FOUR TARGETS

38

- Source of

MURZRURNZORURZ RO

Degrees of Mean r
Variation Freedom '~ Square Ratio
/o "
‘(movement) 2 70.30 19.31 *
(density) 1 780.46 123.88 *
X D 2 434l 9.71 *
(non-target set) 1 48.31 13.16 *
X N ' 2 39.71 11.78 %
X N 1 ‘0.02 ) 0.00
XD XN 2 8.61 ~2.0%
(replications) 3 59.27 14,05 *
X R ' 6 14.73 4,05 %
(subjects) 11 30.83 7.31 *
X R X S 66 - 3.64% .0.86
XR XS .33 6.30 1.49
X DXRXS 66 - 4.y47. 1.06
XR XS 33 3.67 u.87
X N.X R X S 86 3.37 0.8C .
XNXRXS 33 b.29 1.02
rror’ 66 422
Crltlcal F value for df 2,66 at_.Ol level = 4.96
1" " 1" l 33 1 1H n - '7 .48
"n. 1" oon 1" L1 B 3 6 6 1", 1" :" = L} . ll
" ) " n : " " 6 66 " I'I " = 3 .10
"’ o " 1] 1t ll 66 1 1" " = 92 . 5“:
* Significant at.- the .01 level
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‘Hy: There would be no effect caused by movement'speed

on search time. : ' ‘ /

° i

H2: “An increase in the den51ty of the dﬁsplay woutd_

cause'an increase in search time. f-

B

Hy: An increase in the size of the non-target set
would cause an 'increase in search times.
Hu: Search times would decrease over replications.

HS:' The “search times of the subjects would be signif- =

‘icantly different. '

4 The first hypothesis ccncerning moveﬁent speed was '.‘,f
stated in null form as the effect of movement spced WS ex~,
ploratory in nature ‘ A sumnary of the tests nf ula“ichance

cfithe first and second order interactions'are Found in

Table III.

Effect of Movement Speed

The effect of movement speed, the 1nterac+Jon of move—

ment speed and density, the 1nteract10ns of mcvement speaed
'and 31ze of ‘the non—target set, and the 1nteractton of move.

ment speed and repllcatlons were: all 81gn1f cant va L 01)

as reported in Table IT.

The movement speed by'density'intefection#wasi.
icant. The fesdlting F ratiO‘wes 9.71 (p .01).  The
results of a Duncan s New Multlple Range Test aptlled to
fthe dlfferences between the mean search tlmes isg reported
~in Table IV Under low density condltlons,_the effect of

movement speed on mean search time was not s1gn1ficantf
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TABLE III

RESULTS OF TESTS OF SIGNIFICANCE
-ON THE POST HOC HYPOTHESES

Hypotheses Result of F Test , Probabiiity' o
%na = 0 null rejected - Lol
po he

2mn =0 ' null rejected ‘ N .01
V?dn =0 null accepted o ‘ -
‘den =0 null accepted -
f o ' : .
’ . ! . (Y
12mr = 0. , ‘null gejected o .01
)2nr =0 -null akcepted . o -

Vo, s ' " .

dr ='0 null rejected .01
[E ﬁa & ‘..« : S
.1 { .
,j ? TABLE IV

DUNCAN'S NEW MULTIPLE RANGE TESTS APPLIED BETWEEN K=6
, MEANS FOR MOVEMENT SPEED =\ LLNUSITY. INTERACTION o
} . ) ;

i L - : ’ ‘ =
L4 A . . . )
_ ”y/ Low- = Low . Low Mivh ngh - High Shortest
C Den81ty Den51ty Den°1ty Density Density Density Sig. o
o Statlc Fast “Slow Fast Qtdtlc Slow Ranges- '
‘Means . 3.07 3.12 3.36 4,54 5.37  6.67
3.07 .05 29 1.47%  2.30%  3.60% .90
3.12 .0 » . s .24 l.42%  2.25%  3.55% gy
3:360 . 1.18%  2.01% - 3.31%  .gp
Culse T .83 1.30% .98
. '.)_ ) . “ ) v - . n .
£.37, ‘ R 1.30% - 1.00
- | | .
* significant at thé .005 level -y
i {
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Undef'high density Conditions, the slow movement speed pro-
duced Significantly slcwer mean search times tThan the sziatic
or fast movement speeds (p 003) |

‘The significant density by movement speed interaction
‘is graphically fepresented in Figure 4.

The movement speed by size of non-target intenaction
was significant. The resulting‘F ratio was 11. 78 (p .01).
" The results of a Duncan s New Multiple Range Test applied
to. the differences between the mean search times is repwrted
in Table V. Mean search times under non—similar target sets
- and slow movementgspeed were significantly‘slower (p .001)

The significant movement speed by size cf non- target
set.interaction is graphically represented in Figure 5.

The movement speed by replications interaction wa-

significant.~vThe resulting F ratio was'u.OS (p .01).

. The results of a Duncan s New Multiple Range Test applisd
to the difference between the mean. search’ timec 1S repcnted
'in Table VI. The significant movement speed by replicationt

interaction is graphically represented'in‘Figure 5.

Effect of Density f o

N : ’ ’ He

' A‘significan%?difference was “found betweern the tuwc

levels of density. The resulting F ratio was 1z3.88 (p  LO1).

Effect of Backgrouno

A Significant differenCe was found between the two levels
7
- of non-target sets. The resulting F ratio was 13.16 (p .01).

- B
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~ REPLICATIONS |

 FIGURE 6
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“‘cause an. increase in search tim: oo \ AT ' \

Effect of Replieation

.-A signifjcant difference .ras. found between tha four

" - ' .

‘replicetiens. The fesulting F ratio was 14.05 {p .C1).

. The results of the Duncan's New Multiple Range Tast applied -

“to the differences'between ‘the four-repetition means showed

the means of the flrst and second repllcqtlon were s:gn*f—
1cant1y larger than the means of the thlrd and fouxth

repllcatlons (p .005). See'Table.VII.

g
S0y

Effect 2£,Subjecfé
-The effect of subjects was'significant; The‘resulting>

F ratio was 7.31 (p .01). . No subjeef by .condition inter- -

~action was significant.

Results of the Secondary Analyble

A four way ana1y81s of varlance was performed on the .

'-search tlmep under 24 experlmentaT ﬂondltleng. Theé Yesulits

of the complete ana1y31s ara found in Table VIII.u The foor

hypotheses formed goncerning the main effects sere’
Hl:' There would be no effect caused by movament speed

. o
R

on search time. Co ’ K

. .. , . .. . . - ch . .' . —" .
HQ: ‘An increase in the der ‘*y of the digplay would
- C oo . e

. L \
Hg: The types of non- target symbo' used in a display

would cause dlfferences in search tlmes.

CH, ) The’search,tlmes of subjects would be'éignificantly"'

different.
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TABLE VII

DUNCAN'S NEW MULTIPLE RANGE TESTS- APPLIED BETWEPV
K=4 MEANS FOR REPLICATIONS o

,
. 7. : ) ‘- |
e Rep. & Rep. 3 Rep. 2 Rep. 1 Shortest Signif-
’ ‘ S : icant Ranges
— —— PRI
Means 3.62 . 3.99 4.85 .. .95 |
3.62 .37 . 1.23%  1.]33% 70
13.99° 6% . 96% . .73
4.85 .19 S .75

*«55ignificanf’at the .005j1evel

oL

S



: TABLE
SECONDARY

ANALYSIS OF VARIANLE OF
- ON - THE TIME REQUIRED

VIIT

ANALYSIS
SEARCH TIMES (SEC.) BASED
TO LOCATE FOUR TARGET:

% Signifidént at fhél

"?Oi level

. Source of ;{.Degrees of Mean Square F Ratio
3 VarlaLlon Freedom o :
Mi(movement) 2 Sl 25 . 80
D (den51ty) 1 10.66 . 21.40%
M X D~ C 2 - .55 : 1.83
B (type of background) 3 1.88 . 6.33%
M X B _ i 6 260 © .81
D X B ' 3 .70 2,18
MXDXB 6 .22 .68
S (subjects) 11 1.us 4L uQ
M X-S 22 .31 ©,4u
D XS 11 ° : U6 1.40
MXDXS S e 22 A .35 1.06
Xs e o33 - .32 .99
X B XS S 66 .31 T
X B XS 33 - . o .28 .85
rror - 66 s .33 - '
Crltlcal F Value for df. i ll”at the .01 level = 5,65
L o B " 4] ', 3 33 n n " 1" = 4,45
. |‘1  - B'F' n LINT ll /66 e on " "= ) gy
. i . »
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The flrst hypothesis concerning movement spged was o @

stated in null form as the direction of the effect 0f wove-
ment speed or search time was not known and was therafore.

exploratoryll nature.

-

3

Effect of Density = h'éu'3 : A"f‘

A significant difference was found betweenAthe two
levels of'dénsiti.h The.reSu;ting F ratio*was 21.u-(b L0130,

. K - . . : * N\

y

. . T4 L . o . .
Effect of Type 6f Noan,nget Items TR ’

A 81gn1f1cant dlfference was found between the fovf\ 2}
types of background 1tems | The resthlng-F ratlclwa" 5.A5

/

(p .Ol)g The results -of .the Duncan's'New Multlple Pﬁ~5
.Te t applled to the dlfferences between thc four noj~1aﬂg~ff
1tems showed the means for ‘each - tvpe cf non-tﬂv”et fﬂgvre'

were significantly different. SeevTable‘Ix,

Effect. of Subjects

The effect of sub]ects was sig mnificant.” T?e’fﬁ°ﬁlting’
F ratio was 4. HO (p .01). No sub]ect by cond:tlon inter-

action was'slgnlficant,

Discussion

The Qisnal search testTemployed in.the present'sﬁudy,
Tinvolved‘visual'search stgategyvas"well as‘individuai eye
movements. The dlsplays constructed dld not present any
~obv1ous organlzatlonal ‘cues to a551st the subjects to select
an optlmal search strategy. -In agd;tlonéithe_test,1ncludedt‘.

N ‘ » 3 : ~. .
a perceptual motor response -Tke response time was included
g‘ b N . i . . oL

4



TABLE IX

50

DUNCAN'S NEW MULTIPLE RANGE TESTS APBLIED BETWLLN K= 4

MEANS FOR FOUR TYPES OF NON- TARGET ITEMS

Means 3.25

3.67 - 4.48

*

4.81
3.25 .42%  1.23% - 1 .56~ 20
3.67 .81% .14 .21
4.48 33% 21
Significant at the .005 level
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in the'seap&hlyime;vbnt was balanced‘aéross all experimental
cbndifions.v e .

The searcﬁltimésé%ere derived from the total time ve-
'quireJYtO‘locate all fargets. Fitts and Posner (1960)>sug~

gested that performance may vary on two parameteré, speed.
and accuracy. 'Throughout‘the experiment, no commission

errors occurred. This suggested that the subjects selected
: , ) o v

a search strategy weighted toward accuracy-fafher than speed.

H

The lack of gommission'érrors may; however, be a’pesult.of.
“error correction during.the'motor response in locating the
.téfgéts. It would appear that ey? mevement measurements
‘would be required to reéolve this'issue. : | -
The number of omission érrors<occurring during the ex-

periment was 21. This represented less. thar one per cent

Qf the total n%@ﬁég of targets (2,304). The'reiatively‘small

Al - :
number of omissidn errors was not sufficient tc allow #ep--
T L ‘ & ) '
arate analysis. Three targets were omitted under the low

p o Lo B K N - . ~———

density conditions and 18 targets'wefé omitted uhder'high

Sl . .. ‘ . . . )
;&en81ty,cond1tlons. The occurrence of omission errorsf wa:

not unexpected, as each condition was presented for a fixed

length o6f time, e.g. low density conditions for ten seconds -

anﬁﬂhigh,density COhditions'for fiffeen seconés. The low.
perC%htage érrof pétes suggest the tésf was well wifhin the
capaPilities of the group Béing tested}“ ” |
Fitts“ahd quher (19695Isﬁggest that the variablés‘im4
portant to the ﬁhdéést;nding'of'perfdrmancé,will have the
same'diréétional efféct"éérbss”all human ﬁerforﬁefs,

-
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"irrespective of magnitifde”, The subjects involved in the

present stﬁdy were a‘relatively homogeneous group in rela-

—

§)

;ion to educational achievement. ' The subjects' performances

‘were-significantiy.different’from each other. The lack of

significant subject by condition interaction demonstrated

‘that the effects of the independent variables under inves-

. . S C. .' .
tigation were not significantly different for the individual
subjects.

The sécondary analysis was performed to ascertain’ the

effects of the specific ndﬁetarget shapes used#n the inves-~

tigation. Geuld and Peeples (1970) reported a significant

increase in the duration of eye fixations and the probabil -

”ity'of fixating objects.withvanlihcrease in target non-

target similarity. The result of the means test applied tc

the four types of non-target items used in the present inves-

‘tigationvindicated each typé of item caused a significant

difference. in the search performance of the subjects. This

- result was interpreted as indicating th.t four degrees of

target non-target similarity,were selected,f

~ An impbrtant rgsultlof_the secondary analysis was ‘the

~failure of any of the type of ndnftaréef items by cendition

‘contention that the effect of férgef non-target similarity

interact'ion to reach significance. This result supports .the

-

did not have a significantly,cohfounding effect across the

 otﬁer levéls_cf.the independent variables; density and move-

ment speed in the primary analysis.



53
The‘sigﬁificant movement speed by density interaction
demonstrates the effect of density within the search'field

on search times Search times: undep high density cond1L40ns

were 31gn1flcantly 1arger thdan under low densltv fole}

1rrespect1ve of movement speed. MOGlll (1960).5 ated Lha+
, . D A .
high gensity conditlons act as a magnifier of‘perceptual

differences. Under‘the high density condition, the slow =

‘movement speed'produeed.search‘times which were significantly

slower 'than under statlc or fast movement speeds. Thcv’nm

troductlon of slow movement 1nto ther1sual dlSplaj (high :
den51ty) appeared to have the effect of‘lncreaSLng the com-
pie%ity‘of the display. It is possible.that fhis ihereaseqi
complex1ty could causg an 1ncrease‘1n the numbeﬂ of fixa-
tions, due to the in%reased‘uncertainty ip the'peripheral
retinal areas. It is aiso possible that . the dupatior of the
fixatidnsswould inerease,because'of the'greater difficalty

in the 1dent1f1catlon and/ow selection phases of the fixa-
tion. The measure of search tlme used in thi .5 sfudy dces
notvprevlde'the 1nformatlon requlped to getfrmine whieh oF
'ﬁhese‘occpried. ‘ ‘ ‘ » | | O .
Theveffect of the‘size ef ‘the non—target set was only
'significant wheh-viewed‘as an ihteraction with movement“
'sbeed._ This reSult'isbin disagreemenf withuthe results
reported by Gordon (1968)(1969). ‘The static mo&ementvspeed
condltlon is dlrectly comparable to the studies by Gordon.

The present study employed random placement of items w1th1n

the visual display as well.as.random item orientation.
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Tany benef1c1al eg&eots a smaller nonwi 38

, &y =ﬁ”f .
visual search performance. 'Gor o*‘s studies
R > ‘ o

)

LW1V
ganized matrices of items with constant 1tem orientation.

v

"The search times under slow maovement speed with a non-

'similaf target set were significantly 13'”@w than ali other
'moveﬁént speed and non-target set anditﬁ&nS‘ Tha addi-
: tional'cbmplexity of slow movement speed and size of noﬁ»
Ittarget Set appeared to have an additive effect Lr the
dlfflculty of the search task

/The intrqduction of slow movement iﬁ combiﬁatiCn with
thg_éffect of high denéity, or non-similar nen-targetr cetn,
reduces Significanfly the Qisual search pérfofmance.'

The effect of'élow ﬁovement,wou1d~apucér to mdge the

selection phase of the fixation more difficult, and hcncJ/

~

. ) . v '{,_ . . »
of, longer duraticn. JTn additien, the :time te Qi 11@@ to

. A S B )
reject a nonftarget would be greater_because of Lbﬁ 1rn-

t

«creased unceftéinty created by the ldrger non-targe

7]

The effect of the fast movement speed conditicnswwaSF
not significantly different from that of the static condi- ...

tions. The fast movement speeds appeared to accentuat:

differénces betwéen,the disﬁlay.items. Willidms {1?6‘&; 
using colour as a search dimension, hypothesized that fbe
colour created a peréeptual‘structuré within fhe‘displéy
‘whicH the subject searchéq._ The fast moveméht épeedé méyv‘

have créated such'a'pePCeptual structure. .

If thls was true, the search tlmes‘under fa t movement

s
o
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speeds should be significantly_faster than the search times
under the static conditions. The fast movement speed also
‘ woulﬁ,breate a more difficult.fecogniiien task. Thus, fhe
increaeeﬁin performance gaihed.py the‘pefceptual stricturing
of the display (therefore fewer fixafions) mey be reducad
by the lenger recegnition time (therefore_fixégzgeg of longer
duration). It would require thefmeasurement of eye fixa-
tionsbto resolve this issue.

Neisser and Lazar (1%£u) reported a 51gn1f1cant de-.
crease in search time oveg 23 practlce se581ons.- Neisser
(1963) also reported‘the.51gn1flcant effect of practiee\over
31 praetiée sessions. ‘Gerdon‘(l968) found a similér‘rapid‘
decrease in search time;gver ten trials: The greatest‘de-
crease in search time eccurred»during&yheyézrly tridls in
all studies.' In ail‘three studies, the display'items were
placed inla highly predietableApatterh; e;gj oW 5y row ’
‘ematrices.' Tﬁus,.familierity'with the mechahics ef the
rsearch task, the organlzatlopal constraints of\tne display, .
and the display 1temu results in rade 1m0rovement in Search‘f
:performance. >

”:lThe present investigation attemﬁted to baience fhe
‘repllcatlon (practlce) effect across the 12 e}; erimental
iCOHdlthﬂS. In addltlon, two orders of pre enfeiﬂon were
“used to further attempt to;balanee the.replication effect.
The effect of practice was.significant in agﬁeement wifh

the®previously reported studies. The general trend was as

predicted, with the search lees of the flrst trial belng
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sighifieantly longer than the search times of the last
a . .
trial.
.

,The movement speed by replication interactien wes‘also
IR ’ .
significant. . The effect of replications across the static’
and fast movement speeds was notisigﬂificant% ‘However,
mean seerch times.for slow movement speeds showed'signifi—
cant.decreases across the first, second, and third repllca—
'tlons. The 51gn1f1cant practlce effect for the slow movement
'Speed suggests that search through these types of fields
constltutes a s1gn?&cant1y more difficult search tasX initi-
ally. . It would appear that a study41nvolv1ng more tep?lca-
tions.would be required to determlne if search pertormanee'
under the slow movement‘condltlon would in t1me,~bggequ1V«
alent to search under the fast and static movemrﬂt condlttons.
The trend of the effect of repllcatlsns (practlce) wes
in accord with the current llterature. The present study
epbesented onevpraCtice'session‘es comﬁared‘to the nox-e
I merous:practice se531ons 1nvestlbated in tbc Curdon‘(“9¢”
"2isser (1963), and Neisser and Lazap (1964) studles,_and
as such makes the comparisonsvdiffieult;
| The search task deseribed by Enoch (lQGC)-invclved tﬁo
phases, an brientation phase snd a~specifié search ghaSD‘

Enoch hypothe51zed that general 1nformatlon concernlng the;t
dlsplay was selected durlng the orlen atlon phase The
spe01f1c search phase con51sted of a: pattern of 1nd1v1dua1

‘eye movements 1nf1ueneed by perlpheral factors. Theaeye

movements consist of fixations and saccadic¢ movements.
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W1111ams (1966) suggested that two activities, identifi-

cation of the foveally imaged objeot and acquisition of the

i

next fixation p01nt from the perlpheral information. take

place during a fixation. Total search time would, therefore,

- 3 _
.depend on the number of fixations and the duration of the~

fixations that occur.

McGill (1960),>Green‘and Anderson-(1956), and Smith .

‘(19&2)(1963) feported increased search time as {he.display

*density increased. The preeentvqfudy was in egreement Vith
the results of these studies;: The effect was 31gn1flcant
‘across the three movement speeds under 1nvest1gatlon

Miller (1969) cOmmented on_ the tunrel vision effect 1udueed
by complex dlsplays. ThlS effect resulted- in e “educ"d
efélclency in selectlng 1nformatlon from *He perlpheral vet-

2 : .

‘ina and thereb *4%hortened 1nterf1xatlon dlstances. 'mhe
shorter 1nterf1xatnon dlstancesr,ln turn, result 1n mowe'

"t
flxatlons belng required tq prov1de tHe neceqsary eoveragL

a ‘("

i

-
of‘*he display for adeQUa;e Search performance At i
& T , o
hpossn.ble that a greater number of flxathn occurred urder’

“the high density condition of the preSeng study, which ac-

v

R L LT
counted for the. significantly greater search times.

]



CHAPTER V
8 |
SUMMARY AND CONCLUSTONS

Summary
‘The purpose of thisfstudy'was to investigatévthe effect

) of movement in the‘cue dlmen ion. on visual search pérfo@m—

ance.'“Thé-deéignvwas a treatment by subjeqt:factorial, com-

pleté block, mixed mddel Qith‘repeated meaSuPes.“The sub-

jectS'wére_LQ students enrolled in thegIntroductory~Physica1,

Educatioh‘Goufse at the Uﬁiversity.of A]befta, %hose‘mean

age was 21

yaplables were selected; movement <,

Three indefén

. ) ‘ . |
- speed, -density, and Slze of the non- tdrgct set. The thred
vlevels of movement opeed SC]eCtLd were Qtdtlc, slow, ,and

fast. ngﬂﬁﬁvels of density and two levelb of non—tarcor_

g @

,sef werg“ﬁséﬁ// The lbvelb of the Threc'lndepcndent vdrlablec

‘were combLﬁgd uuxform 12 Q porlmental oondltlonq. Each sub~
ject recelved four TPldl’ under cach of the 12 0yp@r1mentdl
. . ; e .
conditiens. ‘ v

.
f

'-The .conditions Were'cdnétpuoted on film and'presented

to the Subject using a rear v1ew pr03@ctlon technlque. -Each

condltlon contalned four .aryet 1 em«

0 m

randomly located amorng

-the'non—target items. Thc tlme to lOPdtG each of the four
. targets Was recorded ﬁ31np Tha.uLTA dpparatuc and elpht
“electric. chronoscopes. o

Performance was evaluatédvfrom t¥jo aspects; speed of -

search, and accuracy. Commluulonidn@ OM1SS10N errors were

.58

P
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' recorded during the experiment.

| The primary analysis involved three major hypotheses.
The first hypothesis stated'that increasing the movement
speed'in the cue dimension wonld'have no effect on search
time. The second hypothe81s stated that the effect on in-
_crea81ng the den51ty ratlo of the dlsplay items from one to
four to one to twenty- four would result in an 1ncrease 1n
search time. The thlrd hypothes1s statedlthat'the effect
of increasing the non-target set from one to four would
result in an increase in search time. The hypotheses con-

v

cerning repllcatlon affa subject effects were formed for

dlagnost1C'purposes.

" The SecOndary analysis invoived three major hypothesesas'

The first stated that there’ would be no effect on search
time caused by movement speed. The second hypothes1s
stated that an increase in den81ty would cause an. 1ncr°ase.
in search tlme, The thlrd hypothes1s stated that the type
of non—target‘symbol used would-not affect search time.

" The effecf of sloﬁhmovement speed within the yisual
display caused significantly'longer search times.underb
- conditions of high den51ty and under the condltlon of high
'den51ty non- 51mllar background , The effect of fast movee
_ ment speed was not 51gn1f1cantly dlfferent ‘from the statlc
condltlon. The effect of increasing the den51ty ratlo
caused‘a,significant increase in'search times in.both
analyses. | | .

The effect of increasing the size of the non—target
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A '

set caused an 1ncrease in search tlme only under—condltlons

rd

of slow movement speed T N

» Ve
o,

The effect of the four typesﬁof~non—target'items caused
.a significant difference in search times. No interactions
under the secondary analvsis'were,significantf

. o v I

Conclu31ons

On the hb51s of the results obtalned and w1th1n the
Cy

llmltatlons of the de81gn “and the tecnﬁrques of data col-

lectlon, the’ follow1ng conclusions were drawn from the prl-
mary ana1y81s; ! _ o T

1.  The effect of movement speed in the cue dlmen51on

1n a v1sua1 search task}causes an increase 1n visual search»

A -

tlmes under condltlons of slow movement speed and hléh

. s

display den81ty,‘and under condltlons_of slow movement

2

R S

speed and non- 51m11ar background ok

-

2. The effect of densIty causes an increase in search
tipeS'across three movement,speeds and two sizes of non-. -
. C o
" . . « . - \

target sets. = T . '\ N

- . L

3. ,Increa51ng the size of the non- target set “has its
greatest effect when v1ewed as an 1nteractlon/a£fected by

1ncreases in 1tem den81ty and slow 1item. soeeds.

ks !
) -

As a result of thls 1nvest1gatlon, a further study 1nto>

the effects of motion out31de the -cue dlmen31on on v1sua1'

l

fsearch-performance, is 1nd1cated. Slnce this study would

1nvolve translatory motlon (1tem dlsplacement) 1t would .

-

.-appear that eye movement recordlngs would be requ1red to

measure search perfonmance.

P . jl
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FILM CONSTRUCTION

The display items (geometric forms) were.constructed on &
-,white;cardboardl The items were glued to the ends of four
lrnch'nails. *Two masonite boards were mounted two inches
._apart to a table. A randombseries of holes were drilled ’a'
'thzough the boards and small metal sleeves were 'unted in
each hole. A black cloth was fastened to the outside. face
‘of one of the masonite. boards. The-nalls with the target
:1tems wé}e placed through the- holes in the board

. Small pulleys (Mechano) were secured to the ends of
eachlof the nalls.v The pulleys were threaded w1th plastlc
beltlng (alpha w1re ca51ng) and attached to the drlve shaft<:*\
of a small two speed motor. ;The-motor,was started and the '
dlsplay 1tems wege rotated. The direction of the rotation.

;was controlled by the placement of ‘the plastlc beltlng. "An’

attempt was made to make the dlrectlon of rotatlon as random

e

as poss1ble.fsf__"i'- s

1

The camera ‘was mounted on a stand dlrectly in front of
3the dlsplay bOard.. Each of thgélow den51ty condltlons were.

'then photographed for/éen seconds.' Between the fllmlng of
~each condrtlon the dlsplay 1tems were re- arranged to~ pre—'
vent a’constant pattern.from occurrlng on all segments.

For statlc dlsplays,vthe 1tem orlentatlon was altered as well
.‘as the 1tem posltlons betweenlthe fllmlng of each segment.

o The hlgh den51ty condltlons 1nvolved 100 dlgplay 1tems.

To fllm these segments 'one quarter of - the d@splay board was

- o
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loaded with 25 display items. A three quarter blackout
template was mounted in'froﬁt ofdthe'camera.and the segment

s a

was filmed. The film was then rewound to the 1n1t1al start-
ing position and the dlsplay 1tems randomly replaced ,/The
bladkout template was reversed and the’ segment was fllmed.
This procedure was repeated untll all four quadrants on the
film were exposed. The segments were 15 seconds in dura-

. , y _ ‘ L v
tion. : .o : . ) A

Y
Prior to filming each segment;\a"codefchartvwas filmed
to.assist,in identification of the'experimental conditions.A
The- fllm was processed and ‘the segments cut and arranged in

the;presentatlon order. Leader fllm (equlvalenfhof 30 sec-

t the“start

,ondS) was spliced between each g;lm,segment and

and end of the film.”;Double‘perforatedvfilm was.usedfto
. - . . ‘ ‘ V ) ‘
allow-the film to be shown in two orders e.g. start to end,

and end to start... = . .. - - -"},
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1.. On-Off Switch

2. Relay Control ‘
30 Relay'Countef ”/_
4.  Re1ay Reset ‘
5. Resat Switch

6. Marking Pen MicroswitcH

FIGURE 7 SETA -~ RELAY COMPONENT

-

—
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1. Contact Point
2. Contact Ring

3. Standard Rlectric Chronoscope

. FIGURE 8 SFTA - T_‘IM.ING COMPONENT
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, INSTRUCTIONS TO SUBJECTS

The study von areApaxticipéting'in'is éoﬂcérned Qith
visual seérch performance,“ Infmany activities thWhicﬁ you
participate, yo@ are required to select idformétion,from'yoﬁrl
ehvironment in order to ‘make the proper résponse.. fhis Stddy
‘is a;temptiﬁg to inyespigate agme of the fadtdré-whichbaffecf-

your selection.

‘Thé”djsplQYS'that 3 Pearch through will be pre-

sénteden the. screen dir ip,ﬁrontéof,you.  Between each
trial, thereVWiil-be a_jo'sécond pavse dd;ing'which Eime your
scores Qili beé recorded. During ﬁhis,ti%e; yéﬁ will“turn
the reel to'you:vfight, which will move theiplasticfsﬁeétingl
It isgoniy_necesséry to ﬁove thefshéefjnq'uﬁtil the pEH{marks'
ére no 1on§er'visibie Lo ydu. Try moving the sheetiﬁg}*

invfrontféf‘ibu‘igvthe;pen“yéq will ﬁsé fp‘mérk‘tﬂe’tar—f
gets you- have locatéd. Tf# marking,with tﬁe'pen. féu Hgtice:
" that there is;a‘small :licking.nojsbﬂwhen'you"depfeéé txebben.
' This enables me to record ydur'pérformancé time . |

- The object of yéur.seq:ch‘ié to }oéafe foﬁr targéts
which‘will»bé geoﬁetriclsqpéxeé‘i There will bé other geq:
me%rib éhapes.ih the dispiay, bdt.§our>£ask 15 simply Eo'
locate aﬁd mark,each of‘ghe ?quéies, : ' 3 | .
~Here ES‘a practice sheet. Attempt tco locate and mark_

the targets asiquickly_aﬁd accﬁ%ately as poésible.'

The time for the entire test is approximately 35
o LA b o ’ :
4
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' ’ ¥ ' - - P '. - .
““minutes. We will-break for a ‘few mihutes half way through
the test. Do y%uupﬁvc‘any‘questipns?

ST Rémember, work as guickly and acaqurately as possible.
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COMPLETE ANALYSIS
rasn o

.

THE

TABLL X
)QJMAPY Asz

OF

“”PIANLL
TIME. ELQUTRED IO MQCATE

TOTQ

T2

t)f

Y I

SEARCH TIMES (SEC.)

FOUR TARGETS

76

Source of

Mean

Deprees: of )
Variation Freedom Square -Ratio
. ) B2 ‘ : : % i
M (movement) 7 ¥ L 76.30 19.31%
D (density) - L 780 .46 L23.88% "
M XD o 7 4301 “9.71%.
N (nén-target set ) L b, 31 13.16%:
M X*N - 2 39:71 S 11.78%
D X N’ ! 0.02 0.00
M XD XN - ; 8.61 L 2.0
ﬂfJ‘H‘?;eplica%ion) 3 ) 53.27 14.,05%
‘ M X R : E “E L4 .73 4,0
D X R 3 2B .25 517
‘M XDXR : 6 1040 - 2.33
N.X R - 3 oL S 1.17
M X N-X R 6. l.ﬁ%' 0.49
., DX N'X R 3 L1020 2.38,
. M XDZXHNAR b ) 6.28° 1.43 .
-\ﬁQ(sub ects) . L, A 30083 7.31%
© M'X S ‘ ~' o 4.03 1.11°
D XS .. N 2300 1.27
MXDZ¥s - N 365 0.86
N'X S 11 B0 ey
D MXMNXo oo A | Y. 0B .1.729
- DX N XS R J-220 v 168 -
M X'D'X N ¥ &S S 3.62 .88
N R°X s- . .3 , hLTE 1,02
M X R X S : fhoo - L YOBE
CDXTR X B I . GOSN O Lowy. »
[ MXD X | r X. -;3 > ’ F} O’ '~>, , qu,; ';,/- i > 1. OF" . \9(
N,X R X S, " ‘ 32, . - 367 L mer T
MXNXR XS 6@<f ET - 000 . -
DX g X R X g K Y CoulEg 1.0 ¢
.. Erro : DEL L 22 : '
’ 2 =Y \/".ég,_:{ = ’/‘\ ’
“¥F Significant at thd™. 01 leve] r 7
f\. ; v

-

[
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