A Thesis submitted to the Lakehead
Uniwversity Faculty of Arvbts in par-
tial fulfillment of the reguirvements
for bthe Masbter Degrees in Psychology

THE CaPACITY FOR VIBUAL PRODUCTION
AND

DRDISCRIMINATION OF RaANDOM ARRANMGEMENTS

Dve M Giinsburg (Supervisor?

Do 5. Goldstein (Second BEeadee)

Bubimi bted bys Giarth K. meﬂ1d<::>

o boley . 138E7

i



ProQuest Number: 10611313

Allrights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.
//_— \

ProQuest 10611313
Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



Abstract

Fumans are repovtedly poor randomlzers. {Ine rea

EARTR T E: foor this is th Lhey may have difficultiss in
discriminating v ancom v om oy Erclom stimualus
arvangemsnts, If this is so then bthere should be a

correlation between production and disorimination  of
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stimulus  arvangemsnts. Hinshurg and Soldsbteln 014
lave advanced & method of  measurement that allows
discrete gquantification of subject responses along &
continuum of arvangement Trom regularity  through rane

closmry e

b contagiocusness:  the olustsry continuum. The
present research bas incorvporated the oluster method  of
measurement in bwe randomization and btwe  discorimination
tasks. Farticipants were regquired to (1) arvangs a

panbery . of dots on oeach of a sguare and hexagonal field

thely subjective view of  vandomne

arrgd 2y discriminate Debtwesn stimuli of varying degress

o f randomness with  separate FEul Yy ing this

1 1ol Fimldes

disorimination oan
randomization.
fFEesulte indicate am dnability by  subjects T

produce random arvangements with a tendenoy for subjscobs

ton oery oon the side of regularibty in production. There

wWwas o oa significant corvelabtion bstwsen  the numbsy of

Yl Tl chol oss in the discriminabion task and the

mEaswre of cluster in the production tashk. EFoesullts are



Mracle

preocdud

Wwithin the context of previous inve

Faoy interpretation o f

ionddiscrimination velationship are

bigations.
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saroh has

A variebty of re sought bo investigate the

rancomi zation abilities o f Fumans. Euperimantal

i

las generally indicated thalt bhumans are

el ol e

wlty  though

vancdomi zers Chagenaar, ImPR. Thi s
striking in nature, i=®  not fully undersatoosd. Taai
interpretations have been offered for the failuwre to

rarndomi e frropaer Ly iy factors specific to the

vandomizating =i buat ion, s by

H
i
-4

v arndomne a sl ject holds,

SUCH &5 MEmOT Y,

ror-spes L fio

in tasks

i1
L
o
1
Jooed
Ferd
i
-
(=N

attention, and  bovedomn. Wagenaar (1272 has  lal

monespesd Tio factors  "functbional Limitations."

While the ipvestigetion of nonespeci fic factors is
imporbant and will be reviswed here, the present  stady

to rvandomne

is  omors conosyned with
Two  approaches  to randomness will  be  sxamined, ittt
production and itfs recognition. Then, the relationship

betweern the two and the light this might shed on the

i
i

Coreept thes suly ject has  of randomness will
const dered. This concept  may underlie the kinds  of

results  Touwne i both tasks. Finally, the difficult

will e dealt

st eEment of vandomng

topic of bthe

with .

A mumber of cpevyiments have been conducted whers

I

subjects were instructed to produce a random



mvents  from a finite sst  of Generally,

asub jects  have  shown an inability to randomize. Some

iryveses fumchional

tigators Mave abbribubed this tm

limitations, For ewample, Tune (13864 sugge that
reery-vandommsss 1o prodaction de due bto limitabions of
shord term memory. Cther theorists suggest limitations

hasead by} one’s  limited capacitbty oy generating

information, breoedom on the part of the subject  and

attention/distraction difficulties of CRaddel ey,

Taegdd. ALL of these sugoestions find some
munort Fronwe vy none Tinds conplete agresment aoross

the literature.

Fath (1966) conducted an exwpesriment in whioh

randomization was investigabted on three levels.
ool sted of paced Sandomization of  eibther  binary
e i mal 2y alphabebical characbers. Subjects  wers

prosyidaed with booklets in which to vecord re

L]

ware instructed fTo randomize wsing bthe wren model as an

gxampl . cing comslsted of tThe ssperimenter  writing
beszklet page numbers on oa blackboard svery five minubtes,

A ocue that

were instructed to Beep abreast  of.

Fesults  indicated that subjects were poor randomizers.

aect included a culturally  bound

preference Tor specific characters and a preference  for
gymbalae  found  in kRigher  Tregquency  in the Erglish
language (1.8, Eyb,R,men,r,i &and s, Further, it was
moted  that avoidance of repetition and preference  for

alternation oocwrred across all symbol selbs. Ao onegablve



vate of character genevabtion and

numbery of symbols in set was found.
The results of this investigation point o s number

it

of factors bha mediatbe

swperimnental resulbts.

Mras besn  shown by Bath (13986 that as  the number  of
altermatives in a8 set inoreases, & subijectfs ability o
vandomize deoreases.  Bimilar resulits have been reported
by Warven and Morin (1965, Baddeley (19663 and  MNewman
argd Colliey (19525, This finding suggests a Tunocbional
Timitation which may  inwvolvs memory, where  as  Load

increases, abllity Lo randomize decrsases  (Tune, 19643,

Aok ey @l emant sungested i Fatht?a DRI
investigation that is related o memoory load is pacing.
Baddeley (1968) regquired subjscts o call oub a segquence

cf 100 letters. were regquirvsd (paoedd at one

o Foly rabesg one letbter per 5, e & o ¢ seconds.

The randomization task was explained on the basis of fthe

reaveal ed Lrmore

wir model ., Anal ys wing segquential ree

cundancy vabe  of genevation inoye

relationship bebtwesn rabte and ability has bsen supportesd

by others, however, rate has been shown to both inorease

and decrease nonerandomness leaving the ef feo

factor  wunrvesolved (Warven and Forin, 1965 Baddelaey,
13te; Teraocka, 1983, Evarns, 1978,
As had  Rath (1986, Chapanis  C1983)  repovted a

tendency for  subjects  bto arrvangs alternabtives in a

ratural order  when producing & rvandom  seguencoe. Im

Chapanis’s  investigatiorn C1953), a ocomparison between




sub jeoclts with temophisticabted? ar wi b hout
tunsophisticatecd? training in mathematical arved
prorability theory was made. Analysis of subject’s sel
paced  vandomization  of bthe digits © to 9 indicated a
muh jeotive praferance oy particular rumber s,
Fepetitive pairvs and btriplebs wers generally avoldsd by
unsophisticated subjects. Segquences in which all digitse

di fTfeved were preferved. The sophisticabed group more

closely approximated randomness though  neither group

[
P

hig

produaced truly random SeQUenCESs. imilar Fesult

reflecting responss preferences and & natural  orvdering

have bsen reporbted (Teracoka 1963, Lincoln and Alexander,
1955, Gicand el Loy, 1900, However , this facotor is nob
active when altermnatives with no natural  ovdering  arve
werd as sbtimuli (Teracks, 1IR3,

Mopete of produchion within experviments has also been

=1 oas influencing functional limits (Wagenaar,

are wunavailable  ho

For esxample when previous respons

sy jeo they may have difficulty in auhieving

randomness because  of bthe limitabtions of shortd Lerm

memoyy  (Turne, THEY ., Ae o owell, production tas AY 8
oy ing. Bovedom has beern found to reduce randomization

abilities (deiss, aedr, More specifically, response

Wwith the amount of

sterotpy Lnore:

Clerd s, 19640,
Aricther procedure whicok may reflect functional dif-

Ficultis

s oone of bime shaving  (Wolitshky and  SBpence,

1a6eas, When subjects are rveguived to genervate random



56 While simultaneosusly engaging in a ssoondary

Tikely to  approximate  randomne

task, they are 1
Suoch  oa  procedurs would redoace atbention and  dnorvease
memory  load. Baddelay (19662 has shown  non-rvandomness
to dincreasze wibth secondary task demands.  BEvans (19753
FonEv ey, notes that sweh deterioration of randomization
abilities from bDaseline show  gradaal impyocvement  as
learning of & secondary bask ooours.

The results of  these studies point bBao Lhe
coor lusion bthalt humans are genevally unable to produce
rardom Sequentes. Instead what we Tind is & patbttern of
vesponse  with none-symmetrical and alternating patterns

Being prefervecd bto long runs of  homogensous VFesRonses

and/or statistically random patiterns CHagenasar, 12720,

Few aubthors have conducheo syvperinents involving
oabh production and discorimination though  bthis  would

maem  desirvable since 1b is possible that the same

processes wanderly both tasks (Eakhnemarn and  Tversbky,

19720,
ook CLIRET7), for example, investigated subjsct

in

HH

abrilities in recognition of different degrees of bhias
Brinmary strings. Iy this investigsation, sub jects  were
instructed to make comparisons of string list pairvs  and
vaeport  which of the pailr was more patberned. Fesults

indicated that subjects were able bto discriminate,



Mowevers wer s so cbhviowsly  pon-vandom that

results are nob seen as decisive  (Hagenaar, 197323, B

prroductdon

ire luded. Himiliarly, Baddeley

CLEté, ircdicated that  sul jecd alrl e L

discriminate random from non-vandom series, though no

G w

data warese o

I'm & morve thovrouwgh investigation  Wagenaar 15700

brad subjects Judge binary sequencs Black amd white

of slides

\
H
-
o
i
P
Seened

dots presented vis

ally via silides

ware  constructed so the probability of  repebition

“ iy "y Sy WS, B, W7 and L8, Subgsots ohose sy ound

« oy indicating  bthey wers  wunable  to selsecht  random
s@ruences (1. 8. varndom equals 5 in this experimentl.

Wagenaary interpreted this as indicating biss  against

Lavg runs.

aobed by Mitteneohker

B
for]

coited in Wagenaar, 1972y and Zwanrn (oited in WHagenasry,

197z,

Wisgersma (1982 conducted s comparative study  of

poochac b ion arcl discrimination o f vandomizabion.,

Dismorvimination involved sub je plecting one of seven
megquences of black and white dobts which appeared to be a

ohanoe

EICILLERMT O Frobability of vepetition WER G

identical  to that wsed by Wagenaar (183702, Foromchuao b d on

imvolved randomization of numbers (-8 and a tone

at i oms

5 ER CLRERTTON 68 Im  general, no signidficant corrve

et ween vandomization  and Judgemsnts WEY Fowand .

Wi

gersma (1982 concluded that the subjechtive oconcept

o f randomnese may be of little corvrelations did




st support this  noebion. That  ds, Wisgersma
predicted that 47 a subject used a subjective conocept of
vandomness as an intermnal model of vandomness then  he
woild oth produce and discriminate on the basis of this
merdel o Wisgersma (1982 concludss that this is not the

as khis results do not support this prediction. In

Loy, Wiegersma £198EE

thalt  the subjecblive
concept of randommess ds of lifttle use as &  theorebical
explamatiocn for the diverse results in this  field  of
rasaaroh.

It shouwld be noted, however, that Wiegersma’s
investigabion (L1982 compared production in one modality
with discyimination in another. The discrimination tashk
involved visual stimali while the production task wssd
blye v al -audi tovy domain. Sy el atdon fresdween

production and discorimination might have been  obsowrad

By bhis modality odifiference. One of the purpo
present study was bto compare the performance of subjects

o production and discrimination tasks within the same

mEnss, namsly vislon.

Ay alternate and perhaps move fundamental  approach
bo the problem of failwes in randomization tasks  bas
been  forwvarded by  Fabhrneman  and  Twversky (19723, In

conbrast with the authors outlined so far, Fahneman and

Twveraly ] that failures i

HF S, 1R mig g eat

randomization vesult  nob from &  failwurse  to Apprly



implicit krowledge because of functional limitations but

hecausse of the wuss of  hewriastios. Moy g Pfically,

1972y suggest that  when making

Flakhneman  and  Tvers

Judgementa, =l jec vreplace the laws of  chance by

beuwristios, whid ok

sometimnes yvield reasonable  estimates

it

arnd  guite often doo oot CEahnemarn and  Twvershy, 1973,

(e such hewristic that Eahneman and Tversky (19722

called representativeness. Accovding to these

discuss i

i

author s, sub jects who Tollow this hewristic when making

gJudgemnents, evaluabe " a sample , by the degree bto which

it dis 01 wmimiliary in essential properviies to itz

parent  populationg amd (iir reflects the

Ffeabtures of the o eass iy whidoh it i generalta
& w3
CEabhneman and Tversky, 1a7a,  p. 4303, A subject will

thevrefore select or produce a given event 1§ it appears

mors  vepresentative of b7 s pavent distribubtion bhanm &

given alternative. The nobtion of  representativens

ar ke coantrast bo the notion of humans as inbtuwitive

ihn

statisticans and forms anobhery side i bthe randomization

pavadiom,. o o=such &

operative thern 1% may

digcrimination judagements

This noticon of arn internal model and it's effect on
a subject’s  pevformance ds viewsd from oa  di fferent
pevepective by Diener and Thompson (19853, As opposed to

the notion of & random representabive hewristic  Diensr



and Thompson (13 propose that, Tamub ject’s Judge A
segquence to be random only after eliminating all tenable
alternative hypothesess for the production of the servies

P

Riener and Thompson, 1985, p. 4332, That is, Tl deo

vandom by 21 iminating

BH

clesc i ole that & sequence i

alternative nodve andom hypotheses, rather than b1y

divectly recognizing the seriess as representative of  a

CDiener and T

arcdom
What Diensy and Thompson (D285 are suggesting is  guite
gdifferent from Kabhneman and Tversky (1972 and leads to

a very different selt of predictionsg for the relationship

between production and discriminatian.

WE  GEEE, it ods possible o view bobth  production

ard  rvecognition of vandomness in o relation o cognitive
structures, or what Eabneman and Tversky have refered to

as heuristics (197320, Cogrnitive structure was defined by

as " oa nonspecific but organized representation

af prioy ewsperiences® ey, [Fe  EETFI. It is sug

yoeated

i

that we carvy wibthin wus cogrnitive sthructuwres  that

=it parts of bthe oluster cornbinuum fses Figure 13,

When we are asked to judge whether & stimulus is random,

whructures or wihiemata. Bk

w2 comparea ib owibth bhe

what kind of schemata are these? Two mesi i lities have

peen introduced.  On the ones hand, they could be models

that vandomne iteel f, az  Fahneman  and

ugoested. But  there 1s  ancobher

it

Fave
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pomaibilifty, that was pubt Torth by Diener and  Thompson

It ie Lthat the schema Moy ancomness,

vabhey  bhan randomnes e Acooroding to this  view,

wWhern  asked  to Judge whethesry a stimalus  is 0 randon, A
mub ject  will not try bo omatok 4t to oan internal random
mplate. Instead, the abttempbed mabokl is bto regular or
clustered models. ITf the stimulus falls to match sither
of bthese, then it will be olassified as vrandom. Im obher
words it amounts o olassification by default.
Fach  of these models leads o db's own predicbion
i regard fo the relationship between production and

discrimination bhasks

€13 FEandom Model (Eahneman and Tyvershy, 197320,

This model assumes that the basio invoalves &

comparison With an internal model of

Ly wharn a subject 1s asked o make & judgemsnt as to

whether & segquence is random, e compares bthat seguence

to his internal rvandom model and decision on how

The more vealistic fthe internal

I
Lot
e}
i1 )
i
5
Lernd
e
i
'y
.
o
W
o
-
LR
r
:x
i
x:'
-
~

moctsl , the closer the subjects production wowld be  bo

physical  randomne and similiarily the morvre aocurats

hiis gdiecrimination  abiliby. Therefore this mcies ]

praedicts a negative correlation betws

o disorepancy from

vandompess in produaction and success dn discorimination.

023 Mormvandom Mo R ener and Thompson, 1985

il v

This moodsel sumes bhat the bhasic proocess

conpar i son with nonvandom scohemas. Two oa nesd to be

considereds
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CAar Dlustered Schemas TP ousing & olus

sy e s ema, e

Bowill decide on randomness by contrasting stimulid

sl e

with it Thie move swuccessful he ds in doing this,  the

q

furither away Trom bthe olus g of bthe continuuam his

productions will bres. Withirn this  oontext  we  would
predict & negative ocovrvelation betwesn & 0 subjectis
production score  arnd kis  succoess in discriminating
clustered sbtimulil from vandom stimali.

CEY Regular Schema: I wusing & regulayr schema, a subjsotl
wWwill decide on randomness by contrasting stimali with
ite The more suwccessful he is in doing this, the further
away  Trom  rvegular his  production will be.  We ocan

therefore predict & positive ocorreletion betwesn &

sl ject e production moore and bris R el -
disgoriminating regular stimuli from random stimuli.

Floay the cluster coryhd muaam ath least T birdds o f

5

discrimination are possiblsa:

crimination betwesn vrandom and regular. Within
this rangs, there could be a vandom standard  combined
with regular variables, oy visa versa.

2y ] . Within

Discrimination bebween random and olush

this range, there could bhe s random starndard  oombined

A OV B

with clustered variables, or v

Thus  the production-discrimination relation  oould
e studied in four ways. Tdeally omne would uss all four
procedures, but for practical veasons it dls desivable to

limit this esperiment bto orne of them. While the ohoiloe

is arbibrary, the random-oluster part of the oonbinuum
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wasn  ohosen since this dis an area about whickh 1ittle is

B .

Ferhaps the most Jdifficult problem in this area  of

men bhe oriberion nesss:

ary Tor calling =

ies randomn CTagenassy, 19720, Sufficient conditions

ko bhe evbtent thalt one brend im

o roney ancdomnes
& meries oan be shown Clagenaar, e I On the obther

Mand, oconditions Tor randomness regquire that no single

e oispyaved

trend be present. In essence, randomness
with relative ease whiles proving it is  difficult. &

randomness

ralated problem is that
this respect, wi fimd s JdifFfiowlty i guantlfying

in arndomness such that a seriss

increases and decres
may o may not be random, depesnding wpon oriterion used.

To date, o parsimonious method of analysils has been

avallable Tor the discreel guantification neces

this respect. Moet measwres avallable cannot  disprove

rosy osan they be wsed o guantil vy

ial regularibies

increasses/decraases In randomness Chagenanr, 19720,

Fielow (19773, through investigation of dispersion

of matuwral phenonenon fl.e. treesd, has suggested that
vandomness within a distribution  of el ements Wl
guanrti fied on & conbinuum. According to Pielow (12770
nabtural phignomenom AT distributed corntaglously,

alared. In this reolt, a set

1

appearing clumped or a0oveg
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of  elements can be guanti fied within space  and time,

thely distrvibution varying from regular through random

ek i ruaam i

cosmbagd o Puantification along this

caloulated i varianoe estimates. Variance of elaments

m

i o relation bto mean numbesr of elemsnts

ST

wrii k is the defining cheracteristic of distribu-

tions. Acoovding to Poisson, when ltems are distributed
randomly thely wvarianos is equal to fthelr mean.  Such an
arrvangemnesnt has come bto be called a Polsson distribubion

Cloewil s, im0y, Divergence above (Vi mean?d and below oW

tribubtion®s degres  of

meant  this point represents a

conbagilousness or regularity vespectively (sesse Figure

spatial analysis in speci fying

the randomnes cf @ stimulus has  been  forwarded by

87, These authors  advocate

Ginshurg and Golde

of the cluster U soore) which s egual

to the variance of a distribution divided by it s  meEan

chdiory oaf Mebthod). This will

within the corihent o f thie

randomizationddiscrimination experiment.

i ficabion Fraves o

o f ol

advantages. An oa mebthod of measuwrement, it oallows fthe

dismorest guantification of subject

prash methodological  difficultiss in  this raspect.a

Further, the oornbinuam of  guantification

preciss analysils with respect to incresses and

i sul jeact’ s responses  and thereby degrees o f



AE O OFLUNTS,
pyoposed
analysls
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mocdal ity

administyr
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This research seeks as one of 1t's  goals,
the C-soore  as an alternative o methods  such
auvtocorrelation, information and ne-grams. I is

that it will be a more exacting method of

in the randomization experiment.

e
m
-
=
e
HY]
o
vy
]
-
bl
g
:

second advantage of this syste
cart e applied to oany king of  bask  in any
Im the present conbtext, this facilitates the

atd o o f bbby procuction (RIS T TRE A and

discrimination  C(input? tasks within the same modality.

Im  this

smhuchy, The wse of visus arrvays  for  bobh

production and discrimination will be  employed. Thiie

appyroach

mirmimize

timitatbtions, For exampls, as

bres simulitanecsusly svallable to subje

eliminatbti
py oo
af visual

o sul jeo

mathod be

wWwill & f ford task ocomparision  as  well  as

factors which have bhesn HEIEN e fumnctional

visual evenhes will

therefore

ng  the ity of short fTerm memory. It ism

i ficatiaon and bthe use

that this system of ola
arvays will allow more detasiled wunderstanding
te? performance on tasks. Further, should the

fooamgd reliable, 16t will e wuseful as & btool in

future reseavohb.

Im mum, this study has the following purposes:

13 To measure indivicdual odi Fferences

of randomne

L5 )

discrimination of randomns

i the prodaction

SLLY 6 individuaal i ffervences in the

HER

aminge  the relationship between dndividoual
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i f ferene

in the ability Lo vl e ard

digoriminate vandom

tdy To determine the reliability of scores on prodact

across ol Fferent stimulus numbers and field shapes

L5 T determine  the reliability <o

e

discriminatiaon A

different stimalus  number s

field shapes.

L

10N
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A botal of 40 subjects participated in  the

sty . Twenty tws were introduactory psyohology students
with the remaining sightsen taken from a peychology

statistics courss. ALl subjects were attending summer

sessions at Labkehead University. Farbticipabion was on &

voluntary basis with students from  the introductory

paychalogy versiving LY S credit Feay

participation. 07 the forty subjects, ten were male

while thirty were female. Msan age across the group

2.3 with mean ages 2908 and 292 vears for males and

females, A1l subjects participated in v

ary  taszk with data being collected on an  dndividual

P
D]
o
i

cbion using the square arid.

Apparatus. A thivity by thivby grid, containing nine

Fundred internal oeslls, served as bthe sbtimulus field

Cmee  Appendi= 13, Suby jects weve provided with & box

containing fifty  dobs  with  which to complebe the

srperimental bask. Dints werse 3716 of  arn dnch  in

diameter and punched out of black bristol board.

Vporm entering the experimental voom sub jec

and given the following instructions:
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Im front of youw lies a grid and a number of do
Your task die bto arvange the dobts randomly on the

grid. In doing this, mlace orly ome ooh oon the

grid at a btime. Yo may place no move than  one

"

ik Y SOUare MosdsEyvEy . WOl may vearrange bthe
4 ¥ ¥ 5 7 e

urtil  wyou have what yvou want o oas  oa  final

b

product. Femsmnber, try bto place the do

what  vou oonsider to be s ohanoe or random ar -

rarigement . Sy

el and instructions

At this point, guesstions wers
repeated wuntil subjects were belisved to have a thovough
understanding o f task requirsments. [ fur they

ranodom W

Variance calouwlations wers ocompubted for

completed gride in the Tfollowing manner: A grid

[l oaced

orEr Lay, comsisting of a ten-by-ften mabyizx
covesr the task grid Csee Appendix 2. The overlay had
one hundred internal cells, each enclosing nine of the
task grid cells. Freguenoy of dobt ooowrence within the
ovierlay arid  was vecoorded. Thess figures were  bthen

applied to a standard variance formula yielding a @ wvari-

ance score Tor sach subjeot. Subsequent varianoe
wev e  bhen trarns formedd bor cluster sooros {a Oy g

varianoe/ meand.
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Ghimwli. Ao botal of silstesn sbtimali, siaht random and
@ight conmbaglous, were constructed in the  following

a diamebter of 37186 of an

MRANreET 2 Jenk g e

inch, were punched out of black bristol bosrd and spread

i
b
HH
o
i

vy a8 sgquares field containing one bundrsd ocslls O
Appendix 3.

F Tk e celd corat i buted & mample  of Y R ar
B sl l corismt i bubed SHInR f Y + el

T ol Tomation.

ernclossd a bthree-by thres malbrix

Patterns  ware determined by the Podsson  distriboubion

Fomd :mezﬁﬂyﬁlby whare n = nunber of events fdots)  per
mample  of space, m = mean nunber of events per  sample

and « = 1/eM (g = 2.71831. Giwen one bundrysd semples of

0
1

DROSE, PO = Finy = freguency of n to the nearest

.t

whoale number . A probability table was constructsd  for
each  level of variance and adjusted so that Find = N,
whsre M o= SGrand Tobal. This was necessary as N owas &
whole number (1.8, whiole dotsld, Fror each of fthe eight

random patterns, the mesan numbsy of dobs per sample of

space was egual to the variance of dots acros samples,

oy Ll

thus ful filling the oritesrion for randomms
=3t contagious  patterns, variance of  dobts  across
samples  was  greater than the mean number of dobs  per
sample of space, This to the extent needed to product
required Dfs (olusters?.

Teo mnsure all displavs were approwimately egual  in

AV R, fondr peripheral cells were cooupied 01, 10,91, 100,
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SERE Appendl S, Onoe  peripheral ansigrnmaent W

completed, bthe remaining cells, along with corrvesponding

t

intermnal dot position, were determined by a random
rumber btable. Onece dobt position was debermined, ol s

ot B SR R O w

weEre  glusd  bo thelyr
E27.% am.  blank shegt of typing paper. Fhotooopies  of

these served as the experimental stimuli.

Upon completion of Task 1, subjects  were

informed they would be completing & discrimination  task
and were instructed in the following manner:
I will be presenting you with PaEL Y o f
atimili.In mackh oCase, I owant  you bto maks a

dlecd sl on. Yo must decide which of the oair i

thae most random avvangement of dots. If the one

cr the left vandom to o youw,  then mark  the

ALY oY tabe SaaEr T WYOOAY aMEWET % Feel

i oyou choose the right, then reocorod this, If

Bobh stimali Tenonds liks epgpaal Ly rarcom

arvangemsnts  then record your answer as  egual.

Ay guestions?
At bhis point, any qguestions were addressed ard
instructions  repeated until sabjects were belisved bo
have a thorvough understanding of tesk reguirements. Moy
furthser sxplanation of random was given.

Eight set of stimulus pairs fcontagious and vandom

. sheets of bDlack bhristol

stimalil), glued bto 35 by S50
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broard, were presented. Fositioning of  the random
pattern (left or right) (see Appendiz 42 in the palr was

determined  wsing Sellerman’s table (el lerman, TaEEy,

Stimulus pairvs were arvangsd in an ascending manner such

that conbtagiows stimulil appeared in order Ty oun
.75 bo highest (2.5) variances. Using & mebronomes,
palrs were presented to subljects for approximately  five
sEConds With  an  interstimulus interval o f @rjual

o answeyry sheets

duration. Subjects recorded responses

g

provided (Hes Appendix
Imformation regarding subject sew and age was  alszo

at this time. Fach subject’s score on bhe

discrimination task was computed by giving one point for

A corvect decision. Incorrect responsess

vaoorded as esgual were nob considered in calowlations.

the hexagonal arid.

WEing

o f

Apparatbus. A osmbtimulus fisld cong
used Tses Appendix 6. This field was based on & field
1

of  thirty-seven contiguous hexagons, sach  contalning

and ome central

mever possible locations felx verbtices

praimhy s@e Appendis Tl Subjects were provided with a
bow containing seventy-fouwr dots with which to complete

the superimental  bLashk. Dots used were  identical g

those used i T

Uporn completion of Task 2, sul jects were
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informed  they  would be completing  another preodoction

task and were instructed in the following manmers
In front of you lies a nunmbsr of dots and a sheest
of  paper on o which there s & number of  points.
Your task is to arvange the dots randomly on the
paper wsing the points as dobt locabions. In doing
this, wyou may place only one dot on the paper at
a bime. Yol may place only one dobt per point,
Fonssway, vl may vearvangs the dots until wyou
have what you want as a fimal prodact. Femembar
try  to place the dots dnto what you consider  to
be & ochancs or random arrangsment. Ay CuEse
tione? Begin.

and dmstructions

At this point, guestions were addressed
repeated until subjects were believed to have a thorough
understanding of  the task reguirements. Mo furthsy

gxplanation of random was glven.

Variance calcoculations weve complebed as in

Im the pre context, A wagnal o gyid cever 1ay

consisting of  thirty-seven hexagons  was  used

Appendl w8,

by hewagon, comprising ong sample of

space, enclosed seven possible dot locations.

gh 4 Discrimination wusing the hexagonal grids.

Stimuli. A botal of twenty-four stimuli, twelve random

and twelve contagious were consbtructed. Here, stimali

wvers  based on the hexagonal field format (see  Appendix
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T Desloaid vegarding coorsty ki on, mosartb Lrig,

positioning and presentation of

e In the present context, seventy-Tow dots were used,

ruched  and

for varianoe  oon

with  probability

ad justed on this basis. Again area was contralled  fo

with six peripheral Mewagons bredng o g 4 el

Cl,a, 16, 22,34, 87 see Appendix 7).

Twelve contagious stimali, ascending in steps  of
g with  wvariances ranging  from 2.5 to 8, WET 6
comstruotbed. Fandom stimull werse constructed from three

13

=
Tt

stributions bthus yvielding three rvandom patterns. Frosy

chupl i of mach random pattern weres producsed gliving

the twelve necessary o complete the pailrvs of @t imul i
Lo be presented. Fair members from the vandom patberns
were  selscted onoa altevrnating basis  with duplicate

patbtern stimualil being vobtabted 180 degress in orientation

prior bo o mounting.

)

ey s, Uporm completion of Task 3 subjects were

informed bthey would be completing a final disorimination

i
T
T

bamk and were instructed as in Task 2. Stimulus palrs

WERY 62 Ay e

snbed  im an  ascending  mannery such that

cornbagiows stimull asppesred in order from

T highest L] VAaYlanoe. Sub jech e ERAT Ry o

discrimimation was caloulated as in Tas
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RESL

i

18

For  each  stimalous  generated by a subjecth, A
production score  was  obbtained as  follows. For the
souars gyid, the numbers of dots in sackh of  thse 100
cells were babulated, and the variance caloulated. Bab R

variance was then divided by the mean(0.3) o yvield the

clusteyr soore (U3, These O scoores (proguction

are given in Table 1. In the present conbexh, the

Timits of attainable O scoves rvange from 0.5 to 8.0,

Mowswey , the greater majority fall bebwesen O

reelation  to the chance sxpectation of 1,

gignificant tendency for scores bto fall below this valus

Tabhls 1. £ - avacfuction wsing the

ol CCEELD

v, o

SR Pk ol - Fro saoquassrmoy Dumulative

i
Farrie [ar oy g e s e (% %
LA ) 6 oy esLiEnny LA

"g" o L & } [, .«.E'\,_i Ry ,;:!. ,::3

Fraduachion

sres for bhe e grid  CCOHEXS, I
shown in Table & fsee Appendix 9 for examples of thessl.

Imspection of Table 2 indicabes that the majority  of
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soores an bhis task (9L

bebtween O and 1 with
this again highly significant {xam SEask, of=1l, pd L0035,
Im the hew grid, the limite of attainable U-soores range
from O bo @.84. Meassurss  of  cenbtral  tendency for

production tasks ar e 0 veEn if Talrl e

le 2. - socove for production wusing the hex Tie
.

8o e Freguenoy

ANeE -' &3

Trmd gy ] e e o s s o i 2 £

Table 2. Measwes of central tendency for productions
discrimination tashks

NN CHEX DEa

2SO R BB

oy P

s Ee

7 oy

W TR . 675 8. 02h

g r ,L 1'{ rsa setes wison Shaes sarse e serne avese eces Smes WN e ,;:1 g:j

Digovimination scores  for the sguars (DEOUY  and
hexagonal COHEXY  grids sare given in Tables 4 and 0,
vespactivel v, Maximum obtainable scores are 8 for DEAL

argd 12 DHEX, with no subject reaching this on the latter
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task, Measures of central tendesnoy  for digscriminabtion

oy

are given in Table 32, Individusl results o all

tasks are presented in Appendix 10,

Table 4. Discvimination cores Tor discriminabtion
wsing sguarg grid (DEBLD

= Freoqusnoy Cumialat v
It Froregueroy 43

[ =3
bl d

& 10

“:,"' 4 EII;
£ &l

3 10 100, O30

Tiobal- - Pzl

Table D, Discrimination =
: e gric o

Freguenoy

oo "
(RIS B
o
L%

Lid

ot
FE) T ora
£ L L3R

Jeek
Tt
L

bWhern  collapsed across btasks correlation beltwesn

siani ficant or

overall production and discorimination was
s LD, This rvelationship indicates an

oy imination prer fovmance S ool e

Py
[N
1y
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arvangements by cane Y 6 Vel ar . Individual
corvvelatlons among tazks  are  giwven in Tablea £ra
igni ficant

Trspection of Table & reveals the following

]
o

relationshipss:

CHOL with

Cy = L6321, p < 01, OB with DSEU - o=

3R, B LEED . CEET with DHEY (o= ,39R3E, p o= L0130,

CHEXY with DOOL O o= JHEZ, p < L0535,  DSOU with DHEX (v =

LHLIEE, o Ll

The first and last of these corvelations give estimales

field types.

o f reliability for tasks ACY OES
Significant correlation for CEEL with both DERUL ang DHEX
anc  CHEX with DRRU indicates that as subjects deviate

@i ther below o  above random  on produckion thvery

b

oy iminate  bebtlter  and  worss, respectlively. Tiis

i
e
i 1

ralationship, howsver, doss not completely generalize in

the casme of CHEXY armd DHEX.

3 . i represents
serbes signd ficanoce

2 foa Corvelation between task
iogni ficance  greater  than 087 =3 reprye
greater than or egual o 010

CHEX e ers) -

B Ged wd it
=, OEE

i
s

-
-
]

.

11

H

2

Lt e 3
L3 i sk
78

WL

e

(53

s

DEGL
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Risouss]

These sxperiments have found, (1) arm inability by

o produce random arvangements using either the

square or hexagonal field, L2y & tendency bto vy oom the

side of rvegularity in  prodaction,

sojad v

corvelation bebtween production and discorimination £ a

strong rveliability relaticonship bebtwesn produaction on

the sguare and hexsagonal fields and,
reliability relationship bebtween discrimination aon thes

asguare and hewxagonal field.

Im & oritical review of the literature, WHagenaar,
1972y concluded, that generally subjects have shown an

inability to randomize. The present  fimdings ars

consistent with |Wagenaasr®s (197325 conalusions ard
demonstvyate this with two levels of available dobts using
L matrices.

Thowgh Tuwme C1964F argues  that  prodaction o f
randomness 1s limited by short term memory,  the present
study cannot support this., Froduction, in this case did
rot reguive ﬁhmvh‘t&rm memoyy as all  responses were
soual ly availlable at all times, a variable whioch has not

bheern  woverlocked as in previowus researoch. Similarly,

brorecdom  would not seem to be & funckion in the present
case as neither task repetition nor ftime on task were of

great  duration, variables which have been viewed as
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increasing bovecdom (Wedss, 19642,

It has been suggested that subjects cannot  produace

114

Yy gl the laws of

varcom SBEuienCe beoause

arral ] e

chance by heuristios, whiioh sometimes yvield re

estimates and gquite oftern oo nob” Cabneman and

Tvershky, 1972, pr. 4300 Further, bhis wuse of
individual heuristics results in preferences for certain
patterne of responses, where responses are  laocally
representative  of their parent distribution/heuristic
tEahneman and Tversky, 1972, Subjects in the present
atudy have shown a prefesrence to arvange dobts  in &
prefervred pattern, that of a regular natwre. I Eahnemnan
and  Tvershky®s (1972 notion is corvect bthen regular
patterns (low C-soores) reflect local rvepresentations of
the  sub jects? random hewrisbic, Friy mwample, smihy jec
number one has produced a co-scove of 540 on the sguare
production grid (sss Appendi=x 103, Her e, the producesd
moore of LS540 ds & veflsobtion of the internal model the
sul ject haolds and thus is & loocal representation.

Im looking to past investigations, it oie possible Lo
divectly compare bthis pattern bype.  For sexampls, Balkan
C1R60 vyeports that subjects exhibit consistent patterns
of responses in thelr randomization production tashk. Try
measuring  bthis, Eakan C1E0 Frasm guantified these

patterns via runs. Genarated patiterns in Bakanfs (19600

investigation bhave deviated from randomne R L g
Loy many runs in & series as opposed bo chanoce (1.s.

chance = 151 runs, = runs = 1761, Im the present
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maperiment we may convert subject data to represent runs
whereby the number of runs is given by the number of

cells which are ocoupied,  as speci fised by Ginsburg and

1}

Gioloetein, (1987, Within this context we find that the

e An riambiey of runs for bhe

guara field is 43,9 while

oy

the figuwre Tor the hexagonal field is 33.35. The number

af runse by chance, a3 gliven by the Pols distribubion,

for the sguare  and  bexasgonal field ds 39 and 32
respectively.  Thus we ses, the current subjects, Likoe
Bakan®s (13960 have deviated from randomness by having
Loo many runs in theily genervated displavs. Felated to

the olustsry oontinuum, wE may say that Bakan's L1600

subjects erved o the side of regularity in their

productions.
n the other, the subjects of BEvan's (1978

Eyper Lment erved  on bthe olustersed side  in their

SET LSS

to genevate vandom

HA

progductions. They wers
using the numbesrs 1 to 10, It ds possible bo caloulate
approximate values of O from bthe data reported by Evans
19782, When this is done, the mean is around 1.4, which
shows olustered responses. From these comparisons,  we
dax ot see the concurrence needed o esstablish a

universally operating heuristic.

Brumswik’s

protion of  soological  walidiby

suggested that experimental stimuli bae Moy &
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representative of the ecological relationships in the

natural envivonmnent. Im twrn, Gibsorn 1960 sugoests

consl der and incorporate the laws o f
information  in the organiem’s natwral envivonment  inta
@wperinental shimali. This trend was carvied & step

further by Ginsburg & Goldstein 19872, whio showsd  bhow

Lo positions on bthe oluster

atimali colo bhe

coorytdomaam .
The present study bhas used the measuwre suggested by

Gimsburg % Goddsbtesin (13873, the Ce-soors

of  ordered 1i dnm ordery  to dinvestigats the

ability of subjects o discriminate stimalil Jdiffering in
avganization, owas found that subjects were able  to
discriminate between vandom and clustered patiterns,  and
individual differences in fthis ability were measured.

have made

Thowagh 4t ds wunclesry on what basis subjects

2

thaeiy Jjudgements, Diensr and Thompson (192850 Frave
auggestad that, "mubjects decide that & 9 sequence 18
vardom by eliminating nonrvandom bhypothesis, rather bthan

=ntative  of

by divectly recognizing the series as repres

" It ds possible thalt some of  fthe

a  random  prooe
nonrandom hypobtheses subjects have eliminated here  may
involve cluster.

ook CL9670),  presented results on o a discrimination
task. Subrjects dn Cookfs CU9ET7Y stuady  were presented
pairve  of  abtring listes of binary digits and asked bto,

patterned

Yelemo dode whelher Ehe first was more or le

than the second! C0mok, 1967, 0. (RSN LR N Though Cookfs
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indicated that string lists which were

coompd led by vandom number tables were jJudoged to bhe le
g s

patterned  than others e abrle o guanti fy  the
¥

di Tfevences  Dbetwesan distinguishably different strings.

Im attempting this guantification, Cook (1987

able to

viptive technigues. Ore way bto guan-—

a mabthod related

tify Cooks (L9987 stimall is by
o Cesoorss and runs, that of the range of run sizes.

Irm the case of Cooks (19673 stimuli, a stringts range

L

ism given by the max<imuam mumber of digits in & vun minus
artg C(i.e.: sbtving 1fPs range =8, sbtring 2's range = &,
@gtol, Onoce calowlated, we may rvank order the strings
with  rvespect to the number of times subjects  preferrved
e string list to sanother and perform & correlation

between a string’s rank and its range.

Ferformance  of & rank order corvelation on  these

data reves a significant corvrelation which direchly
- o
predicts Cook?as  (19E7) results Oy o= -7, AR O B

Further WE o e Pavs @ means of specl fyving shimulus
? o

arvganization.

The Eelationship Beiween Production and

Im considering this relationship let us look to the
models which may be tested with the data at hand:
1Y Random Model dRahneman and Tverslky, 197320

whiile

We  assums that bthe bhasic process a subject uses

producing and discriminating i one in which he compares
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an internal model of randomme Thi

this model by the oloser

wil o bes randomness and the

o physical

his discriminaticon ability. This

meEgative correlation bebtwesen desorepanc

AR

1R g 3
jeot s
hT e
moscle]

v from

and suoosss i bthe discorimination tasbk. I

5 praochastion will

BOOTEES

rmed to vrepresent distance  from

cdata byans Tormed i this manney

Iwvedo-soorve minus 1237, coverall

£

chtainad  (p. o= Though

g

signd Ficant, cdivection

mok

argd Tversky (1972 model

Micleal g Clustered Selema

BEE)

subject?s decide that a

liminating alternative nonvandom

by the

ii

divectly recogrnizing

ive  of &  vandom  process 7 (0 en
e AEE, 1EEEY, In this instance we are

the possible a

Thernative hypotheses

rmamely, clustered

f a subject  decides t

with  clustered aschama  then the

e ds in doing this, the Turither awa

gnd of the continuam bis  productions

predict a wER v rel

regatd

1
L.

SLD O EES 1 bhe discrimination

8}

have

prediats

o

LD erer

SeECpuiernl e

WEY ] B
L2y
alrl e
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s ema
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When ocollasped acrvross btasks, the ocorvelation bebween

cverall production and discrimination is significant and

supports the prediction (r=

Alihough  the data of the present study do provide

evidence which supports the Diensr and Thompson £l

fos

interpretation of nonvandom models, it is
aest further studies that would be more  exhaustive.

Consider the whole oluster cornbinuam, from stimuli with

ceacoyes of O bo o stimall with a magimum valus Ll

items  used. It is possible o messuwre di fferenos

i1
i
o
i
-
piAg
™
e
o
i
na
o
-

thresholds with three kinds of star random, as

was  dome  in the prezent study, Ty regular, o o2

clustered. I'f bthe o

ential comparisons  that subjects
make arse with models that represent theiy  concept  of
randomnesss,  as olaimed by Eahneman and Tversky (19720,
thaen we would supect random standards o yvield the
Towesst ol ffervence thresholds., If, won the obher hand,
vandom standards give differencs thresholds greater than
those  bthat arve regular or clustersd, this would  lend
convergent support to the Diener and  Thompson 1HED
interpretation of nonvandom model s,
Measurement
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methodological problemn randomness i muoch move ol Fficult

Lo prove bhan disprove.
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APPENDIX 8 : Hexagonal overlay
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APPENDIX 9 : Continued (CHEX = .973)
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APPENDIX 9 : Continued (CHEX = .410)
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APPENDIX O : Continued (CHEX = .162)
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