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INTRODUCTION

S basic interpretative prodlem revolves around the
extent to which measurements nmade on a group of subjects are
directly or univecally referabls to each indivicdusl in the
group, Very frequently statistical quantities such asz the
268N Sr variance are treatod solely as group measurexents and
the individual's performance is related to these gquantities
siaply according to some relative or deviational scale,

it ip conceivadls, for sxampls, that each individual
possaesses within himself a "moment” or point of wmesn intellect-
ual functioning, but we would not be prepared to ilentify such
a hypothstical quantity with the =mean intellectual performance
of his age group, Yet it iz essentially this kind of trans.
position in meaning that is often medo in the cass of verbal
associative~strangth, That is to say, that the frequency with
which a response occurs in the group is commonly taken as a
definition (as well as a measurement) of associative-strength
as applied to the individual asudject,

In the Rent-fosancff list of words, for exasple, the
ragponse, "chair*, to the stizulus, "table®, occurs about
267 times out of 1000 in the original standardization data,
This can bs axprsesed as 2 probadbility (0,267) and as such ig
intarpretad as a measure of asgociative-strength in the
individual sudbjoct, The following question immediately
arisesy If "chair® is the most probable, i,e, the strongest
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response associatively spsaking, then why is it not ~ziven
svery time? If a subject responds to "table® with "room* the
probability is 0,001, Yet one must conclude, it seems, that
at the mcment of response this word waa the strongest or at
leagt the most insistent reaction to the stimulus,

There are different wayes of handling this apparsat
dilemma, One might simply prefer to suspend judgment on the
siguificance of such probabilities in the {ndividual and just
deal operationslly with group frequencies, Such an approach
is experimentally sdmisgadle but one is left without any real
gemantic link between group and individual performancss, That
is, the concept of anscciativeestrength might have Aifferent
meanings vhen asserted concerning the group as compared to the
individual, To state that frecuency of response has a certain
quantitative value ie 3 far Qifferent kind of assertion than
to say that it is by definition a measure of "assocliative-
strength” or “habit.atrength® in the individual, These latter
concepts have definite connotations in the psychology of
association and learning,

Anotrer way of spproaching the apparent ilemma
presented atove would be to adopt an analywis similar to that
of some learning treorists, T™his would ssmume that habit.
strength or associative-strenqgth remains fairly constant dut
that {ts manifestation in hehavior fluctuates in a mathematical
nanner 28 a function of drive leval, incentive, and 8o on,

oume psychologlste have come to feel that such a list of
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intsrvening variables introduces a needless multiplication
of assumptions and postulates, .t any rate in the case of
pre=formed verbal associations these various intervening
variables cannot de sffectively measured,

The present thesis iz an attempt to cast some light
on this group-individual problem in verbal association, In
order to 4o so a certain presupposition has entered into the
experimental design, it is esaentially thiss if associative-
strength, defined &s responme probability in the group, is t»
be applied univocally to the individual’s voerbal associations,
then it must be demonstrates that such statistical properties
do in fact apply to an existing population of responses
within each individual, This means in turn that in each
individual sudject a population of verbal responses should
ba generated which i» equivalent in range to the group
population of responses, 8 & rssult, continuous-free and
continuous=controlled association will be employed in this
study because they sre the only types which will readily
permit the gensration of such individual response populations
under egquivalent conditions,

This stwy will be concerned basically, then, with
an attempt to compare the mathematical probabilitiea of a
group population of verbal responses with those fron egquivalent
indivicdual response populations, Interpretation of such dasta
will be made statistically and within the adiitional
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frasework of unrestricted versus restrictive catejorizatinsn
of response, as well as on tie baeie of formal as compared

to semantic probadbility,



CHAPTER L
EVOLUTION OF THE THASIS PROBLIY
Le Lome Nistorical Hotes on Association,

A history of the concept of assocliation can be traced
back ts Aristotle who first formulated the classical laws of
sinilarity, contrast, and contiguity, Yot much emphaeis
however was given to association as 2 dynsmic force in mental
life until the 17th and 18th centuries, uring this period
reneved interest was created by lobbes, Locke, and other
British amplrlciatnl. In exulation of physics and chemistry
they sought for principles of mind which would be both
analytic and explanatery,

Yot of the rritish Smpiricists beginning with Hobbas
attempted to recduce a3ll associative principles to that of
contigulity, If sueh a reduction had been successful, then
mental philosophy would have been in possessicn of 2 unifying
principle analogous to Yewton's law of attraction in physical
bodies, At 3 later time Uerhart also conceived of a force
betweon associated ideas which could be either attractive ox
repulsive, Thiz was analogous to electrical and magnetic
forces in,physics (which unlike gravitation are negative as
well az positive), ierbart is to ba noted aleo for his

1 ?&. !‘. ﬁmt. Miﬁﬂt, )

Bacon to uill, New Yorx, The roder Library, 1039,
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ploneering attampt to treat mental associstlon {n mathematical
terme, ilis egquations were rigorous enc._ n from a quaantitative
point of view but unfortunately could not be put into a form
that was experimentally testable, .. the logician would say,
the squations possessed formal truth (validity) but the
naterial truth or falsity remained indeterainaste,

The attempt on the part of the British Capiricists
to derxrive analytic and explanatory principles of ainc fro=m
the concept of association alone was found to be insufficient
to deal with the sheer complexity of man's mental life,
However it is of interest to note that the concept of association
in one form or another has continued to shape psychological
theory up to the present time,

Agound the turn of the century Preud and the psycho-
analysts haé slready employed free association not only
interpretativaly but also as an ampirical tool with which to
eVOKe ROheconscious mental content, Luring this came period
Hallingwarthz wrote a general psychtology centerad around
Sir <“4lliax daailton'’s principle of relintegration, ..e
defined the mental as redintegrative whereas for him the
physical was non-redintegrative, sSuch a concept is far more
coxprahensive than the contiguity principle of lobhes or the
conditioning principles of Pavliov which also appeared around

this time, -2 a matter of fact the laws of agsaciation end

2 F, L, Hollingwortt, Paychology Its 5a§§a At
Principles, New York, .., :ppleton and Company, ¢ =34 p,
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conditioning can be construed as operating within the overall
context of redinteqration, T continue with previous analogies,
Hellingworth's notion of redinteqration might be compared
figuratively to a field concept in physics,

¥odern learning theory baginninc with the sarly work
of Zbbinghaus on memory represents as experimental study of
association concelived of within the frarmework of initisl
acquisition, ‘s MoGeoch oxpresses it, “the paychology of
learning studies the characteristics of such agsociations
asong psychologicsl events and the conditions of whiceh their
acqguisition and retention are a tuactiun“a. ine might add
that recall is one index of learning as well as of retention,
and, association can in tuzrn be congidered as a2 form of recall,

The more recently developed field of psycholinguistics
is to a2 consideradbls sxtent & study of the asspciational
properties of language, However the data which are analyred
in psycholinguistics as compared to that of assoclative
learning experimente 2re quite different, In paycholinguistic
study language as a cultural phenomenon is already given,
It possssses & definable structure of woxrd coaxbinations,
pre-formed in experience, and it becomes the task of
psyehmlinguietics to study the properties of this structure
80 ag to relate them to determinable psychological laws, This

3 J. e MeGeoch, The seychol puman lesrniny,
Rew York, longasns, Srasn an. To,, 134G, pe <G,
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goal has not ags yet Leen re2lizeld to any significant aextent,
Some psychologists such as oaq0064 conceive of this integration
az occurring between linguistic structure and current learning
theorye It is the opinion of this writer however that in
addition to learning theory psychologists must aleso seek for
other, perhaps as yet unformalated, diceasions of language

as a reference point for such integration, Iecause of its
theoretical importance this statement will e given further
elakoration in the following section,

Se veneral ackuround of the Present Proklenm,

3cience aight be describeld as ths aystematic
formulation of huzsen oxperisnce, Initially husen experience
implies conscious experience, It is one of the tasks of any
science to begin with what is phenomenally given or observadle
in conscious expesrience, to classify, to establish relations,
and then to make inferences akout that which is not immediataly
given, -e are thus coafronted with 3 manifold of conscious
svents consisting of a variegtted procession of sanse
pezceptions, images, fealings, and thoughts, The physical,
kiological, and social sciances axbitrarily parcel out
Siffexrent mactors of thiz conscious manifold for study,

4 C., B, Osgood, Hatlod ongd Theory ia W
Peychelogy, Hew York, Oxford miversity vress, e BUU pa
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Both physics and biology -ieal with the sensory manifold
as a baginning peint for the abstract infarences which will
constitute their scientific concepts and principles, &s
mstq.tns has stressed, aven though tlie abstract inferences
of physics are mental constructs, they can de verified by
returning to the refersnce point of the sensory manifold
threugh tl.e avenue of predictive inference, In other words
both physics and biology find as accessible an objective
reference point outside the mind which is sufficiently
differentiated to provide independent verification for
hyyothetical inferences,

By comparison, however, psychelogy is faced with a
nmathodolegical prokblea which to this day has not heen
satisfactorily resolved, Most definitions refexr directly or
indirectly to paycholegy as a study of inner sxperience and
guter behaviox, Zmphasis has quite uncerstandally been given
to beshavior because this can be trested as an objectively
observable series of events which are relatively iacepesndent
of the nind and against which the psychologist can check his
inferences,

Spme however point out that behavior is not a
coharsnt system for purposes of determining cazuse and offect
relationships because much of the internal process intervening

$ A, Zinatein, Qut of z'-,* lLater 'mafa, haw York, The
Asdom LiXrary, A Division of rhilosophical Library, 1350,
247 Pe
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between stimilus and reaction is unconscious, 7Thus the
suggsstion is made that we turn to hral: phyelology lor our
objective referesnce point analocous to the sensory manifold
of the physicist and biologist,
¥ow when we consider psychology as the studiy of ianar
experience, or experiencing salf, or "mind”, or mental
processes, we rn into a more 4difficult problem, That is to
say, that we are not in possession of an objective reference
point independent of the mind vhich is comparable to the
relationship that neural events bear to behavior, “ome inner
conscious events can be correlatsd with nsursl physislogy dut
such relationships are axtremely maagre and manifestly
incomplete,
Fraud axpressed the problem guite clearly as follows:
sveary science is dased upon observations 2n.
expariences arrived at through the medium of our
psychical apparatus, ut since science has as
its subject that apparatus itself, the analogy ends
here, e make our obsarvatioans through the medium
of the same perceptual apparatus, precisely by the
halp of the dresks in the series of (conscious)
mental events, since we f£il) in the oniesions by
plausible 1nt-r¢nc-g and translate them into
coascious material,
“ithout an alequate refsrence system independent of
mental process itself we may turn to a purely descriptive
phenoaenalogy of conscious agvents, ox, as in the case of many

systeas and theories of personality we can hegin with 2 series
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of inductively derived postulates against which we attempt
to validate subsequent inferences, 5Sut even thoush we attailn
sone measure of formal consistency by such a procedure, we
have as yet achieved no real formulation of fundamental
psychic lawe,

Hence psychology interpreted as an experimental study
of the inner nature of experience itself is for the most part
undeveloped, The criticism that psychology has not beaen
successful in deriving an experimental science of mind is to
this extent prohakly justified, Thers is of courss no shortage
of empirical theories and systems which attempt to explain
“aind®, "experisnce®, or the "sxperiencing self" but these
are generally limited by adopting a reference point embedded
in inductively inferred postulates which #adsen terms
axiomatized deductive systems,’

Is there, then, an objective, coherant reference
systen which is independent of the 3ind and in reletion to
which the psychologist can test the material truth of his
hypothetical inferences, not about bahavior, Lut rither about
the process »f experiencing itsalfi It 4is possible that
language may at least in part fulfill such 2 reouiremnent,

In support of thig it can be pointel out that language is

unicuely human, It evidently reflects all facets of human

7 Ko B. Madsen, Theories of Motivation, Cleveland,
Howard Allen, 1961, 353 p,
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oxpc:icnc&, otherwise we could not even employ it to discuss
the problex of experience, But more significantly language
at least from a synctactical point of view iz an ol jective
system of signs and symbols with: ite® own coherence and laws
which are independent of the mind, Now if inner axperiance
is reflected sufficiently in language, then perhaps ws might
be adble to deduce and verify some of the underlying laws of
experience and "mind* by a deeper analysis of language,

'owever such an analysis would depend upon concepts
and cimensions which as yet have not been fully formulated
with respect to language, Linguistic analysies up to the
present has dealt with the structure of language, semantics,
and general semantics, ARecently the anthropologist and
psychiologist have alsc shown interest insofar as language
deatermines one's very conception of reality as well as his
thought proceasses, nd what has core to be known as pPeEyCchOw
linguistics deals with langumyge as a communicated system of
symbols with statistical properties, All of these trends are
converging more and mere, rerhaps out of such 2 convergence
will come nevw concepts and Jimensions rict enough to cast
light on the laws of innar experience itseolf,

Jhen the physicist “returns" to the sensory manifolé
to test out the hypothetical inferences which e has derived,
he employs the dimensions of apace and time and univocal
concepts such as mass, aomentunm, etc, as & means of snalysis

and description, Can wa derive -imsnsione and univocal
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concepts which can be applied to language conceived of ac a
reflection of inner experience? lHopefully this may come to be,
Let us return now to the point in our diacussion
which inftiated the rather lengthy consideration of science,
prycholegy, and language, One cen agree with Osgood that
peycholinguistics should be integrated with learning theory,
and, in additiom, with any other area of psychology that will
cast further light on the nature of experience and behavior,

One of the distinct appealz that the study of language
as & communicated product has for the psycholocist is that it
is relatively easy to quantify and deal with statistically,
Consequently, even though the various kxnown properties of
language have not as yat been effsctively intorgrated with
peychological thsory, the ease of quantification holds prosise
that fruitful ceneralizations will eventually emerge,

™Te present study ceals with word association which
has deen found quits useful in the mnalysis of linguistic
products and the quantification of meaninrg, Unlike erbart's
unsuccessful rational equations, mocdera researchers have found
many useful equations of a stochastic or statistical type that
ean be applied to linguistic and assoclational sequence, I1f
word association reflects mathematical propertices of a uniform
sort, then it is not unresssnable to suppose that s fundamental
lawfulness in linguistic behavior is deing provec, It is at
this juncture of course that the psychologist Lecomes interasted
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in what light such lawfulness might shed on mental and
behavieral processes,

Row the statistical properties of wverbal association
are derived basically from group data, AaAssociation or
assocliative-strength is usually expressed as the probakility
that a response will occur in a2 given stimulus situation,

For example in the original Kent-iosanoff list of words

287 parsons out of 1000 responded to "tadle* with “chair”,
Thus we can express the probadbility of such a response in a
similar group az Pr = 0,267, Repetition of the list with ”
similaxy populations has confirmes the prelictive accuracy of
such probodilities,

tiowever, if mathamatical properties are to e mesRing-
ful in interpreting associative sequencaes within the individusl
sub fert, then it should be demonstrated that greup mathematical
propezties do in fact apply to corresponding pepalations of
reaponses within the individual subject, Althouwgh the
exparimental evidence tonds in this direction, it is not
unequivecally estadblisghed, For unless we ¢an make univocal
assertions from ths group to the individual, our coaclusions
will be arkitrary, Now it is eactly this xind of assertion
that freguently is made concerning verbdal associative-styrength,
Sensider this formulation from Osgood on “associational
structure®:



EVOLUTIOR OF THE THESIS PROBLEM 11

{(ese) the stremgth of associations has been inferred
from group data (.,.), I8 there any basis for
expecting the same laws to appl to the availability
of associations !%§§§¥n:§s ;ndiv;éua&? Tl
and Marbe (1901) a c relation
between individcual resction timau tar free nssociations
and the frequency of oceurrence of these responses

in a population, This has come to be known 2s Marbe's
Law and has been substantiated by a number of &her
investigatore (..,), Dut 41f this be the case,
shouldn’t the most frequent response de the only
response to a given stimulusr “louldn't the response
having the stronsest association with the stimulua
always be made by evary individual: There are several
reasons for variabilitys the hadvit strengths of the
potential responses show coatinuous oscillation

(ef, :all, 1943)y the actusl stimulus is a compound
affair v g with the momentary contexty and there
renain individual differences in the nature of
mediation pracoga.n that have bheen estalblished fox
the same signs,

Kutch of what Osgood states here may be magarially true,
Puture resessch will probably be the final arbiter, However
his line of reasoning is gquite hypothetical and as it stands
is subject to comsiderable reservation, isscause it may help
to shazpen the focus of the present stuly, let us briefly
consider the principel notions from this statement by Osgood,
particularly becauss it represents a qond deal of current
thinking about verdbal associative~strength,

If wa accept group frequency Of rasponse s 3 medsurs
of amsociative-strength, this becomes in effect a quantitative
definition, A4S it stands this definition is neither true nor
fslse, The qui;t&nn vhich arises is vhether the definition
applies to verbal associations withia the individual subject,

8 Co Zo OBgond, Fathod anc “heo i
Peychology, Few York, Oxford University eress, 1901, -, 732,
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Low speed or latency of response as sxpressed in rardets Law
is inversely related to group freguency of response, That is,
the more frequent responses are in general associated with
shorter reaction times, Lowever thess two determinations

agre not independent of one another, Response latency is
generally correlated with frequency of response with the
result that we could in principle sselect either one as an
iadependant variadble, o we are really thrown back on group
frequency hoth as a definition and as & measure of assoclative-
strength,

The next question which Cggood congidered is in
effact: why does not “chalr® oceur in response to “table”
every tizo ia oach subject Af it is by definition the
strongest as weil as the most probable xesponse: fe then
lists some intervening variables which may insert themaelves
sonevihere batweedn stisulus and response including iiull's
concept of reaction poteatiasl (,%,), This is not the place
to attenpt an evaluation of Hull's slaborate system of
postulates and Antervening wvarialbles, For our purposse here
it should be sufficisnt to point out that Hall's concepts are
perhaps moaningful in experizental situations vhere associative
learning is being formed for the first time, In dealing with
pro=formed word associations such a system of constructs is
uot directly applicable and thus remains hypothetical, 3
similazr kind of reservation applies to the other intervening
variables which Cegood suygests,
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30 the question remains: dJdoes fLrequency of vertal
response (or associative-strength) in the group apply
univocally to the awvailable population of responses within
each individual? The present thesis represents an ateampt
to study this question unier the conditions tc he specified
in the following section,

C, Concepts, nefinitions, and Prame of 3eference,.

Four basic categorice of verdbal association are
clearly definalles (a) discrete-free, vherein a single
stimulus word is presented and the sudject gesponds wvith the
first word that comes into his mind (the KenteRosanoff list
is an exasple of this category)r (b) discrete-controlled,
wherein a single stimulus word is administexed and ths
subject 48 instructed te respond with & word in a particular
class relation (for example, the subject might be asked to
respond with ®he opposite of" or *a2 part of*, and so forth)y
(c) continuous-free, wharein the subject is instructad to
contings responding with any wvords at all thst say come into
his consciousness (this is somevhat the same technicue as
that which the psychoanalyst employs in what he terme "free
association)y and (d) gontinvous-controllesl, wherein the
subject is asked to continue giving as many words as he can
within a given class (for example, the subdject may bas
instructed to name as many cities, or carpenterts tools, or
birds as he can within a given time period),
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As indicatsd ssrijer, the gsteral purpose of the
prosant study is €O Jdetermine whether group-frequency
charactaristice of agsociation are applicable to the range
of poteatial responses within the isdividual subject, in
theory, to examine such & cusstion, it would be sufficient
to genarate & papulation of responses in esch sudject sad
thea destermine wvhathexr the statistical properties of this
individual population asre sizailar to those of the group,

dow in ordsr %o generats in the iadividual subject
populations of responses which potentially would be comparabhle
to the raage of group responses, this study will Jdeal with
continunous=-frae and continuous-controlled c¢atsgories of word
association, 7Ths reason for this is that discreto~free and
discrete-controlled association 4o not lend themsslves to the
genorstion of sufficient papulations of responses in the
individaal subject, Consider the Kent-fnsancff list of
discrete-free associations, In order to produce 2 population
of respoases in z sinales sudject which would be equivalent o
the eriginel group data, one would have to administer thwe list
to & single sudjert ons thousand times, nd in the Pprocess
extranecus learaing factors, reinforcemants, sarisl sffacts,
and 80 aon, aight enter to modify the tamk in a exitical ~anner,

In addition, the presant stucy will deal interprete
atively with formal probability of resporse 28 well as semantic
probakility of response, Those terms sre definadle as
followe: formal probability (oxr frequency) is the nusber of
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verdal responses which occur in a given perind of time
irrespective of the content of the responsesy and semantic
prodbability on the other hand refers to the probability {(or
frequency) of obtaining a particular word as a response, In
the rent-0sanoff list of responses, for example, the stimalus
“table" eslicited "round™ ten times out of a thousand, 7he
semantic probability of obtaining “round® is thereforas 0,01,
The formal probakility 4is also 0,01 but it applies to any and
all responses which occur axactly ten times cut of a thousand,

Foraal prodbability evidently possesses in one senss
2 greater gesneralizing value and at the present stage of
reseazch it is rather intriguing to contemplate the poasibility
that such generalizes mathematical cuantities may begin to
describe formal properties of mind insoliar ag they are
reflected in verbal-linguistic behavior,

Finally the ters “response” i3 to be defined as any
smitted word which followa upon the initial instructions to
associate freely, or, to associate continuously within a given
class of terms, This definition thus differs from the notion
of response in discrete~free association, for axample, whare
the subject replies to a specific verbal stimulus with a
single word,

e Pravicus “esearc! and Thesiec Uypothesis,

some of the earliest and most signilicant studies

concarning the mathematicel propertiss of language were
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carried out by zipfg. He analyzed fairly large samples of
Peiping Chinese, Plautine lLatin, and imerican newspaper
English, smong other things he found a common logarithmic
relation between frequancy of occurrsnce and rank order of
frequancy in these various samplen of written langusje, Thus
the lower the rank order ths greater the nuabder of different
vords found at that renk, -hen Zipf plotted this data on
double log coordinates he odtained a clearly linear relatione
ship, He expressed thess results in the following form:
a-e bz‘o = } whers b is the frequency with which a word occurs
in the sample, a is the number of words of the sanze frsquency,
and X is 2 constant,

Subsequently an analysis was made of 01ld “igh Sersan
which yielded a value of » » »'*°% o x, in adaitional study
of the Gothiec bible (as translated by Ulfilas im 310 -,7,)

resulted in 2 value of q-h3'°25 =

Ke All of these numerical
valuss are ramarkakly close to 2,0,

it is of interest that these guantitative properties
of written or orsl speech emergye from fairly large samples of
word populations and assums the characteristic of what might
be tarmed "meta-language® 1,6, A property of language distinct

from lexical and syntactical form,

9 . By ZApf, The :sychow"inlony of an-uage, loston,
Houghton ~if£€1lin, 1935, 713 p,
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The formal property in language was even more

strixingly demonstrated Ly akinnorlg

in his experizent with
the verkal eummator, an apparstus wl.ich emitted randown,
meaningleaa, phonetic sounda, /.t a given Cistance the sounds
resendled overhsard conversation, The subjscts then related
what they thought was being spoken, " hen tkinner plotted
his data against "ipf's the fit was just about as good, ..t
least it was clearly of the same mathematical form,

From these results sikinner concluded that _ipf's
mathematical law did not refer to a property of bshavior,
such as the conscious selection of an appropriate word, but
rather to the condition of associative-strength in which
latent speech exiots, Presumably he meant that, giveu a
gradient of strength in assoclation, words will e emitted
in the loag run accordiag to the obtained locarithmic forwm
and indepeandently of the extarnal situation to whick the
person is rosponding, From a quantitative point of view
this formal property is indeed a remarkable finding,

Skinner’s theoretical orientatior would almost certainly
prevent him fror allowing for mentalistic varialles such as
selectivity or set in the above findings, ‘rowever it should
be noted that the logarithmic function which was obtained
might conceivably reflect just such s formal nroperty of

10 =, ¥, 3kinner, “The Verkbal Sumpator and a rethod

for the study of Latent Speech”, Journsl of Fsychology
vol, 2, 1936, p. T1-197, ! ‘
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selactivity in mental operation, t least tris hypothesis
has not bteen fully explored as yet,

There are many other measures of linguiestic properties
which lead to forwal mathematical expression, ‘owever we are
ynadle to discuss 211 of them here,

in 2 study relating to discrete-free word association
sxinneril ranked responses on the Kent~Rosandf{f list accoréing
to frequency of occurrenco, e then combined ranks for 2ll
items, i,e, 2ll firat ranking responses were combined, 211
sacond ranking combined, anc so on, The aversge frequency
of occurrence was found to be a logarithmic function of rank
somavhat similar to  ipf's law, One of the values skinner

reported was the followings A o 51'29

= F where A i the
frequency with which a given sssociation occurs, © is the
rank, and X is a constant,

~+8 noted sarlier, these quantitative findings, in
language and association, point to systematic mathematical
properties, The frequently recurring logarithmic relationship
seems to meke 2 definite assertion adout agsociative seguences,
That is to say, that the rate of association at any point is
a function of the number of remaining assoccistionsg: or, the
zunber of Aifferent responses increases logarithmically ss

tta asseoclative-strength deerecases,

11 3, P, Sximner, “The Distridution of Hssoclated
royds*, Peychological Rscord, Vel, 1, 1537, p, 7176,
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bousefielc and s.dchicklz genarated a population of
responpes in individual subjects vwith the methnd of continuous-
controllied association and then analyzed the properties of
such responees, They employesd various classes of terms such
88 bixds, cities, animals, names of fellow stwlents, and so
o, ihe croup means of a cunulative nurber of responses were
plotted as a function of elapssd writing time, Their date
was fitted by the following log type curvey » = ¢(l - e"g)
where n is the cumulative anumber of responses, t is the
elapssd writing time, e the logaritimic hease and ¢ and » are
constants, In ancthor stuldy, Sousefield an< &aruxayla found
that responses given mors comumonly by the ¢roup were ales
those which occurred earlier ia the individual lists, They
concluded that oxdinelity of position is then another eriterion
of associative~strength, This latter result can be iaterpreted
as being eonsistent with Zipfte data and Skinnerts Adata,

The two studiss just refarred to Jid generate a fairly
extansive population of responses in the individual sudjects
prioxr to statistical analysis, ‘'owover it {s felt that a
crucial experiment ia this respect has not heen performad as

12 2, e Bousefield and C, ‘i, [, Sedgewiex, *'n
Annly-i- of ﬁcquomcan of Rsstricted manoclativu Responsen®,
o nf el pychalor 19, 1944, ¢, 147-1C8,

13 ., 4e Bousefiaeld and 4, D, Rmrclay, “The
rRelationship betwsen Order and Fresquency of Occurrence of
Restricted sssociative Responses”, %gggﬂ;&_g&ugggggiﬁgggg;
Peychalogy, Vel, 49, 1930, p, 643-6
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yot, Ly a cruelial experiment is meant one in which a papulation
of responses is generated in the in:@ividual sudject with the
rogquiresent that this population of responses is ecual at

least numerically to the group population of responses, if

the definition of associative-ptrengtk derived from growp
Tesponsas is to apply univocally to the iadividual, them it
sesas that at lesst numerically escual populations of responses
mist be sssumed hefore & judguent can be made,

Now we cannot simply assume that, given the opportumity,
aa individual subject will ¢ive the same word content as founmd
ia the group even with unlimited time, But of course this is
one of the questions that requires clarification,

Referring back to the sxperiments of Iipf and Skinner
it is of intersst to observe that they odtained similar
ssthematical curves with language dakta that varied considersbly
in content, 50 it is conceivalle that formal matheamstical
probabilities will oktain in continuwue~free and continuous~
controlled verbal association vhen ths semantic probabilities
do not, Again this remsains to d»e datermined, nut if such 2
difference 444 oktain, it wuld at least lend® some precision
to the interprestation of experimental Jata even thouch it
would greatly limit the current definition of vartal
associative-stzength,

in sddition the present study will conpare groupw
tndividusl verbal frequancies with unrestricted and
restricted task sets, The operstion of thaee variables
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MRy also add some clarificaztion to the general prodles of
iaterpretation,

Tha following general hypothesis is to be tested (n
the present thesis: thars are no significant Jdifferances in
statistical frequencies botwesn a populatisn of responsses
okbtained ia a group of sudbjects as compared to individunl
populations of responses obtaine: undor similar conditions,
The method to be enployed in an attempt to teet this
genaral hypothesis will be presented in Chaptar IJ,
*3xparinental sesign*,
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SUIPERICIRTAL L ROVISH
A, .eneral Procedure and ’ athn ",

a8 LnLlcatel in Mapter | the Jdesicr of expsrisnent
to be empleyeX in this stu.y is based oa the foll:. inc
preliminary considarations: e can meke the assunptions
that the freguency with which & verbal response occurs 4ia a
gxoup of subjects can be considexed as (a) a numerical
neAsure of habitestrength or assocliative~strength, and,
(b) this aezsure of assscistive-strengt!' appliae to eech
individual sulject in the group, ‘ovw if both those
assunptions are correct, tren by generating - gireasltle
population of verbal responses in oach of the subjects
comprising the group, siailar frequencies or rrosortions of
responss shtould be found in the individurl subd jects as arxe
obtained in the group as & whole, If such similarity is
obtained, then associative-strength can be not only defined
in texrms of probability hut it can also be univocally
applied to group as well as any in avidual subject,

in or.'or to senerata & sizeable ;ooulation of
rasponses in each individual sul ject continu sr- oo mnd
continuous—contralled asgociation will ke employe ',

Liscrete-freae 2n’ dlicretl:-controlled associstion, as
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pointed out earliter, ¢o not lend themselves readily to the
goneration of such individual responsze populations,

The comparison of group ané indivicual response
populations will be hased upon two criterxia, one of which is
2 logicaleempirical critericn, the otharx, a gtatistical
criterion, The logical-empirical requirement iz that
responses common to all subjects must be wiven, OCthearwise
the generalising wvalue of such & measurement or Jdefinition is
s0 restricted that its usefulnass is to be quastioned, 3o,
given common responses, ths sscon:d or statistical criterion
is to e invoked in order to determine whether or not the
oxtained group=common responses are significanily Jdifferent
in occurrence from indivicualecommon responses

In the continwus-Lfree (c-f) associstive task each
of ten sudjects is asked on the first trial to associate
freely until he records in writing one hunira. ressOnsas,
After cach successive two-nmimite time period the subject
places a slant merk (/) to indicate such intervals of time,
This task is repsatsd for nine successive trisle until a
total of one thousand rasponses is recorded for each of the
ten subjects, or, ten thousand responmses in all,

In the continuwuswcontrolled (cee) apcHr Lative task
each ¢f the same ten subjects is 2gked on the first trial o
writs down the namez of ar many four legged animals as he
can, PFollowving Bousefield and Sedgewickts method each
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subject continues to recor” these vertal responses for a
period of eighteen minutes, Freliminary trials confirm the
fact that moat suljectr apparently run out of namee within
such 2 tine period, 7This task is algo rapeated for nine
successive trials, The eighteen minute time period in each
trial is sukdivided into nine consecutive twowminute perieds
and recorded as such by ths subject with & slant mark(/).

The foraal .Jesign of the experiment can e snvisaged
then as & ten by ten array of data {(i,e, the responses of
tea subjects on tan trials), and, the prosentation of such
an array on twe different assocliative tasks (1,0, continuoub
£zee and continuousecontrolled assecistion), .. finally
such arrays or tables of responiae frequencies will contain as
etitrise only common responses, That is to say, verbal
responses which are given by all ten subl jects somavhers
within tha ten triala,

The array or tablas so deseribed can ba evaluated
atatigtically according to an analysis of veriance, twowway
classification, conceived of an a mixed model whorein the
sub jects are random and the successive Lrials arxe fixed,

ia Chapter I a distinction woas made betwesn senantic
an® forme)l prodakility (or freqguency), semantic probakility
rofars to A particular wrd and the frequency with which it
occurs, -€¢ can now furthexr specify its seaning Ly defining

it also as & common response,
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formal probability is the freguency with which words,
any words, common or not, are given in time, Interpretatively,
in the treatnmant of rosults, the intersst in formal
probablility centers on continuous-controllad aagociation,
The reasons for this are as follews: (1) in continuouse
controlled association all subjects will respond uniformly
for nine time intervals of two-minute duration each whereas
in continuwus-fres asscciation one cannot expact a uniform
nunber of time intervalsy and, (2) the formal rate of
continucus-controlled association will provide direct
comparisen with other research of the same type-~particularly
that of Bousefield and se’~~4-- =i the University of »agzyland,
Compagrakility of results on a foraal bseis canz be detarnmined,
for example, by an atteapt to fit the data of this thesis to
the function, n = ¢ (1 - ¢"®t), obtained By them in several
comparable continuousecontinlled tasks,

E, 3pscifie Hypotheses to »e Tested,

4th respect to continwus-{ree assoclation;
I {a) Thers are cont!-yous-free responses given which
are commen both to individuals and to trials,
I (d) There is no significant difference in the
relative froquancy of continucus-fres common responses in
the overall group as compared to those of each subject

throughout ten trials,
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.. (€) There is no significant QAifferonce in the
relative frequency vit: which continuous-Iree cormon responses

are given by all subiects on each of ten trials,

Ath respect o continuousecontrolle® assoclationy

il (&) There are continuwous-controlled responses
given which are coxmon both to individualg and to trials,

11 (b) There &s no significant difference in the
relative frequency of continucus-controllaed common responsss
in the over2zll group as compared to thoze of each sul ject
throughout ten trials,

I} (¢} There iz no significaat difference in the
relative frequency with which continuous-controlled comaon
responses are given by all subjscts or each of ten trials,

Ce Subjeects and Instructinns,

Tie subjects for this experiment ar« ten college
seniors with a mean chromelogical age of 23,0 years and a
range of 22,0 to 24,0 yeare, «~ll ten subjects have achieved
scholastic grace averages of 2 (85.,0) or adove, In terme of
academic concentration and scrool affiliation vy are to
be subdivide’ as follows: five concentratores i isychology
from cannon Collegs, irie, Fennsylvanizs one concentrator inm
English from annon Colleger one concentratsr in Electrical

cogineering Ixom Cannon Colleger one -oncentratoxr in
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rolitical science fror “eorgetown miversity, washington,
De Cor &nd two major seminariang from st, Honaventure
iniversity, Allegheny, New York,

The 1: st setione for continuus-free asgsociation

are as follows

then I say "start* I want you tc commence
writing dowa arny words whatever that may cone into
your mind, Let your mind wander completely and
record each word that comes no matter how foolish
or sembarrassing or pointless it may seem to you
at the tise, D6 not think of school subjects or
any such categories, Just let your nind wander,
Every so often I will say "mark® and then I want
you to drav a slant mark like this (demonstreates)
immediately after the word you are writing at that
tine, Continue writing down words at random until
all of the scuares on the sheet are filled, (3ach
sub ject is supplised with an 84 by 11“ sheet of
papear on which are marked out one hundred separate
squares,) &sre there any qguestions?

T™he instructions for continwus-controlled
association are as followe:

This time when 1 say "start” I want you to
write down the namnes of as many fourw-legged
animals as you can, that is, animals that walk on
four legs, Ivery so often @ will call out *"mark~,
“hen I do s0o, I want you to draw a slant mark after
the word you have just completed, or, wvhich you
are writing at the time, Continue writinsy the
namses of four~legged animals until I tell you to
stop, Axe there any questions?
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EXPRRIMBIITAL YALNULTS WOTHTIR INTLAFRVCATION
i, Preliminary Nhservations,

All in all fifteen suljecte were contacted and
participated in the sxperimant to some extent, Ten 2ubjscts
began initially but thrse of theas dropped sut after the
seconl trial, One subject in the early stages sinply couls
not give himself to free association, :nZ another of the
original sul jects tecame upset emntionally over the process
of frae assnciation an’ requested diecontinuance, 3i& these
Live sul jects Iiropped out otherg were recruita? in order te
malatain the total of ten,

The task in continuous~free association was
administered first because it uwss felt that this type of
aspaciation was =more “ifficult to comwmunicate, I'n twd
instances it was gquite clear that the sudjects Ji7 not
freely asmociate the first time they tried it, sSo the
initial trial was  i{sregardes in each of thase instances,

it 2ight be pointed out also that the five psy-
chology concentrators who acted as subjects had had previous
acquatntance with free association and consequently
experisnced little or no difficulty.
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T™he experimantal sessions varied somewhat as to time
of day ia order to accomodate the achedulas of the students,
However for each subject the same hour of the day was
employed throughout the sxperimental sessions, ©One group of
four subjects met regularly, 3But this was the largest single
group, The resaining sudjects were scheduled individually or
ia groups of two, The same rooT was uses for all sul jects
and precautions were taken to reduce outside noise to &
minimum, In addition the sudbjects were 8o seatad in the room
that they were not in each otherts view nor in the view of
the experimenter,

The experimental sessions continued overall for a
period of adout six weeks, The continuous-controlled sessions
were commenced irmediately following completion of the
continuous-£frea associstion trials, In both sessions at
least one full day elapsed betwesan each trial,

The two-minute time intervals in both sessions were
called out by the experimenter, the writer of this thesis,
7or this purpose a standard stop-watch was used, it first
the question existed as to whethar such 3 method was
sufficiently accurate or not, Fowever once experimenting
was begun it became evident that greater precision was not
reguizred becsuse the recording of associations by the
various subjects was at no time s0 rapid that a second or
two would have asde any AdAifference, 1If a subject had just
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comnenced & word or was in the middle of a word vhen *mark*
was called, he had been previously instructed to draw a slant
after that word,

In the following presentation and interpretation of
expgrimental results the continuous-free association data
will be treated first and following this a discussion of the

contimwus-controlled data,

3. Interpretation of Continuous-Fres  ssocliative

oata Trom a Semantic Foint of view,

The continuous-free asgsociative task resulted in ten
thousan? responses, The words fror sach subject were
transcriked from the original data sheets, alphabetized in a
second transcription, and finally analyzed for sermantic
similarities, 2Analyeing of this cdata for the first three
sud jacts suggested that common responses were highly
Anfrecuent and seemed to occur in a random nanner, hat is
indeed guite surprising is that in continuous«free association
no responses common to all ten subjects were found, This wae
determined first by listing the nine common responses found
for subjects a, b, ané¢ ¢, Then the responses of subkjects
4 ¢ee J ware scanned, None of thess nine reaponses were
comaon to all subjects,

Congegusatly the logicalesmpirical criterion of

response comsonality is not met, .8 2 result hypothessas 1 (a),
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and by implication, I (b) 2 I {¢) are not confirmed, It
is concluded then trat under the conditiong present in this
expariment group fregquencies of comon response in continucus-
fres sasociation cannot be applied univocally to each
individual subject comprising the roun,

An approximate, empirical ~roradbility, ¢, for common
continuwus-free responsas occurring can be coxpute’ from

A=)

S €5 ¥ (1)

i=)
whare ¢, rapresents the number of common continuwous-free
resconses on any trial and ny resresents the overall
continuwus-free respongses on any trial, These values for

sur jects a, , and ¢ are given in Table I, Substituting in

P = HE%} s 3,003

“n three times out of a tkousand do subjects &, b, and ¢

squation @ ylelds

zive commor responses in the seme task over ten trials,
A gquestion arises, however, &3 €to how representative
suk: jects a, b, and ¢ are when we make reference to all ten

sub jects, Some licht can be eagt ~n thig question by



TXPRRIMRNTAL REAULTS ¥ THEIR IIPLRbRUTATION 32

l‘lblﬁ I.‘

Sumber of esponses per Triasl (ngl and Common Responses
per Trial (c;) in Continuwous-iree  ssociation for
subjects a, b, and ¢ for each of Ten irials,

Trial By cy
] 00 4
2 00 0
2 300 2
4 on 0
§ 3co 1
6 klsly o
7 300 0
8 300 0
2 300 2

12 300 o
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conparing the common responses »f sudjects a, L, and ¢ in
the continususecontrolled associstion (see .ection ¢, first
paragraph), Ia the latter data we can employ & similar
expression for the enrirical provadbility of obtaininc a
commonr rasponse,

i1=10

>, <

¥e = 1=l

1T=10 (11)
[ ]
2"1
i=]
vhere c' and n' represent corresponding values for the

continuwous-controlle? responses, 7For subjocts a, b, and ¢
there remilts

872,9
Pe(a,b,c) * r{':;r'r:ﬁ " 0,434

and for all ten subjects,

) w : a »
e(Byae)) e3eat = 0.4

In order to compare the sample of responses from
subjects 8, b, and ¢ with the comnmon responses for all ten
subjects the following procedure was exployeds the
"hypothetical trus® proportion of the group as a whole is

known 4,e, s 0,464, Therefore because 0,464 is

Pct‘occj’
the criterion in this case one can estimate the "true*

standard error (35,) of the sample by employing this “true"
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proportion as follows,

k
sxp » PC(“O..J) (l = PC(‘OCOJ))—,

4(a,b,c) J

sn_ = [10:464) (0.530)]
P 19176 J

saP = 0,012
The original d4ifference betwaen sample and “true® proportions
10 (0,464 - 0,454 = 0,010), This differsnce is less than 82,
and we may attridute gsuch a differeace to chance, Hence it
can be concluded that a pyoportion hbased on ths responses of
subjects a, b, and ¢ is roughly represontative of all ten
sud jects in continusus-controlled association, 1There is no
compelling reason to assume that these sane three subjects
are not approximately representative of all ten subjects in
continuous~-£res associstion, It should he stressed howvever
that the above szp is highly approximate,

It is of interest to make a further tentative
snalysis of tha common, continucus-~{ree associative
responses, $ indicated mbove for subjects a, b, and ¢ an
approximata prokbadility for a common response is given by
» --3553 = 0,003, The mean number of COMAON YeIpONSS, PAX
sukject, per trial is 0,20, 7The sum of the probakilitias,

Py for X common words per subject per trial can be sstimated

from the Polisson function,
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ﬁ F, '2 o~ m¥ (1v)

Kul ¥ u)

wisre

Y]

]
22:;"&"«(1*1%4%;+§;+."+%;)
=l

s is the Lapierian logaritimic hases = is the mean fregueacy
of commen responses psr subject par trial, .hen m = 0,30,
o™ = 0,74062, substituting in equation I/ there results

M

o« o

> Ty % (0,740 ¢ 0,222 + 0,033 + 0,003 + 444)

K=Q
The terms on the right hand side give the respective
probabilities of obtaining (0, 1, 2, 3 ...) COmAON Fesponsss
per subject, per trial, Evidently with these three sudjects
it would be & highly infrequent occurrence in the loag run
to obtain any common responses in continucua-free association
sspecially vhan wve consider the probability of obtalning

zern common responsas (0,74) per subject, per trial,

e intarpretation of Continucus-Controlled

agsocliative Tata Trom a Semantic roint of View,

Thers waere appreximately 6,302 responses resultinc
from the continunus-controlled associative task, These
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responses were first transcribed from the original Jdata
sheets, alphabetized in a second transcription, and then
analyzed for semantic similarities, As the responses of
each subject were analyred sequentially it became avident
that words common to all subjects were given, ~1l in all,
2,968 such common responses occurred, This latter figure
represents the nuwber of tires that thirty-four 4different
(common) words occurred in toto, These words are listed in
Takle I along with the average number of trials in which
they appeared, 1t can be seen that these are all very
faniliar words although somevhat surprisingly other familiar
words were not given by all subfects even though the
opportunity prosentad iftself over ten successive trials,

5 Table II shows that, on the average, common
responses are given in the majority of trials, Purther
analysis ¢iscloses that over fifty percent of coxmon
TESPONSes ars given on g£ix or more trisls, The common
reoponses constituts adout forty-six perceat of all
continwus-controlled responses,

Table 111 lists the number of common responses for
each subject over ten trials, These are coded, common
responses which were arrived at by subtracting 20 from each
entry in the tadle, 1If hypothoses II (b) and IY (c) are
valid, then we ghould find n- significant Cifferences

batween the response fraquencies of rows and coluwns in
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Tabulation of Common "=C Responses with Msan Trial ?rnquoacyl
for tan Subjects on ten Trials (“rand Mean = £,70),

B e e e e e e et st i st

Mean Trial vean Trisl

Response Prequency Response Freguency
ant-cater 8,9 horse 9.2
ant.lopo T.4 lion Bl
bazy V.2 aink 8,1
ruffale 9,4 mo0ee TeB
cat 10,0 wrase 8,1
chipaunk TeS mile 6.8
cow 2.9 panther 2.3
dog 9.6 rakrbit 8,4
donkey T4 rat 7.6
elephant 9,8 rhinoceros 8.0
elx 3,0 sheep 7.2
fox B.4 skunk 8,0
giraffe 2.2 squirrel 5,2
coat 2.5 tiger 8.2
graundhog 7.5 wolf 9.2
hippopotazus 0e3 zebra 10,0

P ST ——
N
1 ¥ean Trial “reuency = ft where ft i® nunker
S |
¥y
of trials in which 2 comnon word appears and M. is number

of individudls qiving such responses, i



Toded Frecuency nf Common Respon-oaz for Ten Subjects on Ten Trials

wul jects Triale

1 2 3 4 8 € 7 8 3 10

13 11 14 14 14 14 13 13 14 8
b 1 1 7 10 8 10 19 12 12 12
c Y 2 7 ? 6 6 s £ 9 10
a 4 8 S 9 12 11 12 11 1 11
e 8 3 14 13 13 14 13 10 8 13
£ 13 11 14 14 p R 14 13 11 14 2
¢ ? 5 & 9 12 12 12 10 11 ?
b 8 6 & 7 12 10 11 11 7 11
i 7 11 11 11 12 1 12 19 11 11
3 5 2 3 5 € 4 7 7 & 7

2 For instance, the eatry, 13, means that sulject 2 sn his first
trial cives (33 - 20) or 13 of the 34 comeon words being studied,

frequency is an obtained frequency minus 27,
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Table i1l, zecause the save subjects were used for the
succeassive trials, the condition of independence for inalysis
of variance is approached by studying the rasults at the
level of esach subject individually, 1If group frequencies of
CommROn respanses aApply toc each and evary individual, then the
sstimated of overall variance from rows and columns should be
the same within chance error,

Table III ia considered 2s a tw-way classification,
sixed moel where the subjects ars considered randonm and the
successive trials fixed, The maximum coded score in & cell
is 14 or (34 - 20),

The sume of squares was amalyszed according to the
general sodel:

R C n 2
L] - 1 1 _x_ ’2 - - <'1!“a’!w!‘ ('i .{ )2
2 i 2. :: (xl'C1 ® Pees o Tae - “aen
rm) csl {wl =]
c
- E : - - 2
+ BR ()..c. - ’(QQQ)
c=l
R 7
+n E S (;’: - E - E +> ‘}-\: )2
Ic, Koo oCo sow
rw] o=}

R < n
S S e = el ()

re] ow)l =}
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where r and R refer to rowsy ¢ and € to columna, % 18 2 meAn
valuer E... is the overall mean) Er. i3 » row mean and
x.c‘ is a3 colunn mean,

in the instance where there is one sntry per cell,
1,8, vhere n » )}, ecuation IV reduces to the following

special case:s

R o 7 v
= 42 = = (2 < 7 42
2D X e Gy a7 e E )
ra] c=) rm) c=)
R c
.2 Z(x % -% +% )2 (V)
; e | o€ e

r=)l c=]
where the first texrm on the right is the hetween~rows sums of
squaresy the sacond terz is the between~columns suns of
squaresy ans the third term ies the residual or interaction
sums of squares, Iguation V is the model which is to be
followad in the present analysis of data,
From Table IIX the following values are cderived,
R
fow totals, sauared and sumned; ::E;Tﬁ' - 96,291
rwl
o
Colwwn totels, squared and :ummaﬂz::E;T?c a 92,811

cel
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R <
Total cell eatry, squared and ¢Mc ) 2 2 'rf,c = 10,233
r=] cw}

The aum of squares (5:) tn computatisnal form are as follows:

R

~ 1 o ¥ . 96,29 900,601

e L2 - 1 - 200 - s0ge0
r=}

= {9629.,11) -~ (2006,01)
= 623,09
Segrees of freedom = (I - 1) = 2

sg s Yariance estimate = §3§&22 = 69,23
for rowe

B

s 1S JF.ameu seso

33 ecol 8: 3 T.c , = 10 156
em}

(9281,10) = (=nre M)
= 275,09
ceajrees of freedom = (C « 1) = §

sé = Variance estixate = 75905 = 30,88
for columns
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R
o dntexsctions 2 E l 2”&3 2 2

r=l c=] r=} cs)

ﬂﬂv}

= 10,233 « 2€29,8%0 - 9281,17 = 9006,01
= 128,81
agrees of freedom = (R «» 1) (€ « 1) = P}

5? » Variance estiwate,= 23%;@& = 4,06
iateraction

R
2
24 totals 2 Ex:c - % =10,233 - %ﬂ

‘ym] cw}
n (10,233) - (3006,0))
= 122€.99

~aGrees of freedom = (F - 1) = 3¢

Table IV sunmarizes the foregoing calculations an’
liste the Variance estizates to bhe entersd 1i-t- t*z ¥ ratios,
For 2 mixed axlsl (n = 1) the arror term for row offects ie

2 -
src. ThHus r = ur/irc. The arrcr term for column effacts is
also 3§c. Thus f L] sclkzc. in the above data these

F ratios are

,2
- E3,23
r* T e e
42
€ w 30,35 4 7.3
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Taxle 1/, =

Analysis of variance for .ata of Table 1.1,

source of sums of

~agreses of variance
variation sguares Freedom Zstimate
Rows (subjects) 623,09 2 33 = 69,23
~olumns (trials) 275,09 <] 5§ = 30,5%
interaction 328,81 3] ':rf_c - 4,06
Total 1226,9% 9
T~ e s e e o e et e
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These oltained values are significant at the 1.
level., In other words from ¥, we know that as one proceeds
fros oae trial to the next the nurber of common responses
given by the ten subjects varies more than one would expect
on the basis of chance fluctuation, 2 similar judgment c¢an
be made on the bamis of Feo 1,8, the varistion in common
responses given by the various subjects is greater than
chance axpectation,

Thess xesults can de applied to an evaluation of
the three hypotheses: II (a), i1 (b), and II (c).

Hypothesis 1I (2) is confirmed, There are
continuous=controlled responses comuon to all sul jects,

riypothesis I1 (b) is not confirmec iy this data,

The nusder of common {c«¢) responnes iffers significantly
aaong the ten sul jects since ?r iz significant, . ith the
data obtained there is reason to question th~ sgenaral
assunption that group frenvuencies (cw=c) of response
(associative-strength) can be cirectly applied un a univocal
manner to the individual subjsct,

nypothesis 1I (<) i3 not conflirmed, 7T we considerx
each trial as representing a group of responses these 3lso
vary significaatly 2z shown by 7. being significant, .o
that a group tabulation of cowmmon responso: obtained on one
oecasion as compared to another OCCasion may represent a

significant Cifference, Hence with continuous-controlled
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associative material as employed in this study there is even
question adout employing one group sampling of responses as
typical of the group in the loag run,

Sowever the fact that cowrmon responses are oiven in
continuous~-controlled association does indicate a semantic
link “etween group and {ndividual, .o ttat the aufgale for
continuous-controlled association doee mobilive similar
agsociations in each subject, 7This fact aloneg wuld not be
very impressive but, as we have alrealy ssen that overall
these covmon responses are gquite {ragquent (46% »f the total),
In addition, the time rate of emiesion of comman responges
for 2ll subjects on all trials conformae to a mathematical
function similaz to that for the overall or total number of
continuous—-controlle. responses, This latter interpretation

will be discussed in Section T,

Le Interpretation of ~ontiauous-Contrnlled
Asgociative iata sccording to Their Mathematical
istribution as a Cogrollary to the Hejection of

#ypotheses 1. (b} and i1 (c),

The common continuous-controlled resronses were made
by all asuljects on sach trial over nine two-minute time
periods, From thess data it is posaible t2 plot 2 curve of
responses which reflects the rate at which such responses

are given by all subjecte on all trials, -8 each twoeminute
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tixze period elapees the number of responses decreasss in a
curvilinear sanner, Bousefield and Sedgewick constructed
such a curve of responses for all the continuous-controlled
responses (not common responses), As indicated sarlier they
found that such a curve was fit by the function,

n=ec (1 e,

It wvas decided to compare the overall continuouge
controlled responses with the common continuous~controlle.
responses in order to Adetarumine vhether the care type of
zathenatical distridution odtaine, Fowever refore going on
to this prodlem some clarification of Bousefield and
sedgavwick ‘e method should Ye made,

These authors asked college students over successive
two-minute time intervals ts name fellow students, aniamals
of two or more syllables, cities, carpenterts toole, and so
on, <“umlative frecuencies of responses giver rra generally
£it by the function, n = ¢ (1 - o™ ™) where n ie the
canulative number of responsas, t is elapsed tire, and ¢ is
the Naperian logarithmic base, The constant, c, gives the
asymptote or limiting number of responses with unlimited
time, and m ias the rate of change of the curve to that
asymptotic point, Thusp the value, ¢, ir inferentialy it is
never actually obtained, Zousefield and sedgewick conclude
that the rate of continuous-controlled assoclative responses
is proportional to the nusber available or rematning at any
time,
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They pressat a rather lengthy derivation of the
aguatieons whereby ¢ and m may be oltained, Thelir method i»
essentially one of selected pointes which are separated
sufficiently so that one value, ng, is at least twice the
valus of the other, fiae The ssymptotic valus for c is
obtained by substituting in the follovwing qqultion.

oy
2

=
< mz..’

The constant, m, is obtained from
n
2 2
ot T
aox, taxing logs,
1

These solutions are approximate and like any method
of selected points in curve fitting are most accurate only
if all the points fall on or very near the theoretical curve
vhich is computsd from ny and n,,

As one might expect the continuous-controlled Jata
obhtained in the present thesis is such trhat most 2f the
plotted pointe éo not fall exactly on & curve, Various
substitutions in the above equations from Rousefield and
Sedgevick Yielded constants that sven by inspection 4did not
adegquately represent the data, The Jifficulty is two=fold;
(1) the continuwus-contyolled rasponses in this thesiz begin
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with relatively high frecusncies and (2) they decreass quits
Tapidly, As a rosult in order to employ an ny which s at
least twice agy, the first value of 24,55 responses must be
used, And apparently this necessity introduces istortion,
Bousefisld and Sedgewick encountesred a somwwhat similar
problem in some of their <ata and resolved it by adjusting
the Lnitaai. obtained valus, It ssemn, however, that this
becones 2 little too appyoximate,

In order to determine a valus for ¢ amd n in the
continuwous~controlled data from this thesis, it veas finelly
decided to employ & 4ifferant approach, The function,
a=c (1 -e%), ts obtained by integrating the following
differential oguation,

dnsncen)dt (v}
wvhere the symPols represent values given earlier, It is to
be noted that d n represents & change in the cumulative
awmber of responses given, an approximate solution of
equation V was made dy initizlly assuming an arbitrary value
for c, Then in solving for n the criterion bhecowes

c=ns+ () ($2)
i m e (i) &8

¢ n
where m» 18 a constant, unknown valuepr n, z ¢ are giveny and
¢ 4is successively approximated,
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For the averall, cumilative, continuouswcontrolled
responsss in the data obtained the squares of the residuels
wora lsast for ¢ = 66 and » = 00,1852, The values for d n
are plotted graphically in Mg, 1, The Cata are reasonably
£it by theoretical values from the cifferential enuation,

30 as an approxization we can express an integrated form of
equation Vas n = 66 (1 - e‘°~1552t). This ig representel
in curve (a), Pig, 2, The ~uantity, &6,0, accurate to
within 1.0 response, indicates the average limit for naming
four-legged animals with unlirited time and 00,1532 is a
measure of the rapidity with which this lirit or agysptote
is approached,

In analyzing the distridution sf common continuMige
controlled responses a comparison can now ke made with the
overall distribution of continupus-~controlled responses,
These data ars susnprarired in Table 7, The cumulative
response coluans indicate that the cowmon responges repragent
a reduction of approximately ( 1 - %gf%% } or fifty-tives
percent,

The cumulative distritution of common continuduse
controlled responses was analyred in & manner similar to the
above analysis of the total continusus-controlled frequencies
per time intexval, foth curves on visual inspection seemed
to be similar, s» the differential ecuation, d n = 3 (¢ « n) ¢ ¢,
was again employed, The same method of arbitrary substitution
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Overall Continuous-Controlled Responses along with Common
Responses, per Time Interval,

——————
g e

Overall Common Overall Comaon
Responses Responses Cumulative cumulative
per Time ver Time Respansen Rospongses
interval Intervsl

24,58 14,29 24,88 14,29
13,91 6,08 38,46 20,37
9.06 3,77 47,52 24,14
6,10 2,47 53,62 26,61
3.5 1,29 §7.13 27.90
2,53 0,72 59,66 18,62
1.81 0,52 61,47 29,14
1,40 0437 62,87 29,51
1,08 0,17 632,92 2%,€8

B e e e e e e e e e e A e e
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for ¢ and then successive approximations to determine the
value of m wap employed, Tha sguares of the residuals were
least for m = Q0,192 and ¢ = 37,0, 1Inapection of “ig, 3
indicates a reasonadbly good fit, So the ewpirical equation,
n=c¢c (l - e'”t), becomes n = 30,0 () - a—0.192¢, #im, 2
is a comparative plot of this equation in curve (Z) along
with the earlier, overasll, cec curve (A) wvhere

n o= 66,0 (1 - e~0e155¢%)

CTurve (3) indicates that the experimental croup
virtually achieved the theoretical limit of common responses
(30,0), The exponential value, = = 0,192, indicates that
this limit wars approsched relatively rore rapidly than in
curve (&) where m = 0,153 and whers the theoretical limit
is 6¢£,0 responses,

50 2 conclusion which can be formulated here is that
the cumulative rate of emission of common continuouse
controlled responses can he expressed by the same
mathematical function as fits the cumulative emission of
the totsl continuous-controlled responses, This is 2 rather
thoughteprovoking result in the sense that it tells us that
wvhatever produces common regponees in all subjects alac does
80 at a mathamatical rate similar to that which produces the
total of continucus-controlled responsas, The onhe very
general, dynamic variable present in continuwous-controlled

agsociation is the smet or aufgade which restricts assoclations
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to one specific categery (in the present ingtance, foure
legge animals), And within this sufgabe the rate of
continucus—-controlled assnciations is at each point
proportional to the number of associations availatle or

remaining,



SUMMARY AND COMQLISICHE

The analysis of experimental resulte from continuous=
fxee and continuous-controlled associative taske casts some
doubt on the feasitility of emploving group frequencies of
verbal response as 3 definition or neasursment of response
strength in the individual subject, It must be borne in mind,
however, that tre summary of results to follow does not deal
with discrete«free 2n. discrete-~controlled types of word
assoclation,

The general hypothesisg of no significant differences
in frequenciss between z qroup population of responses 22
compared to individual response populations was not confirmes
in Yoth continusus-frea and continuous=controlles associative
data,

The criterion of significance was hased on two
conditions: (1) commonality of response and (2) statistical
freguency, 8 a further condition the criterion of
statistical frequency applied only to common responses,
iience, 1if the commonality criterion war not met, the
statistical criceria ware per se not upheld,

In the continuous~frae associative Jdata cooonelity
of responss Jid aot occur, Thus bot» of the above criteria,
(1) and (2), were not supported, adove and beyond this lack

of significance a further analysis of responses from subjects
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a, b, and ¢ wes undertaken in order to specify the dearee to
which commonality occurred aven in 2 snall group of subjects,
A roleson function showed that in e long run resgonsen
common to oven three such sudjects was highly unlikely,

In susmary, then, with respect to continucus—{rae
association: No common responses occurred, Therefore the
hypotheses of no significant Aifferances in frequency of
response between sudjscts and groups {(trials) wasz not
confirmed,

In the continudouscontrolled associative date
comnonality of response 4id occur, Thirty-faur comwmon
responses accurre” in approximately forty-six per cent of
all continuocus-controlled regsponses, - nalysis of Varlance
disclose? however that the statistical frequency of common
rasponges i< very siemificantly fro+ one sulject to another
e well as from sne araur (trisl) to »a-t er,

In genaral, then, the practice of ‘efiiniag or
neasuring associative-strength in an in?ividual subject by
tabulating ~roup frecuencies »f response is to he -~uoctioned,
3uch question applics to both continuous-free and continuous-
controlled type of cata as employed in this study, - ‘owever,
in the continuwous-controllesd (ata common responses were
given, %o, apart frn— statistical frequancy of occurrence,

a semantic link retwesn group 2nd individual associative

processes does exist and is seemingly related to the Aaufgabe
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or sget which the subject imposes on his associative
processes,

Despite the lack of statistical significance, and,
bectuse common continuwus-controlled responses 3o represent
& genexal semantic link between group and individaal
associative sequences, further analysis was asde, It was
found that throughout nine successive two-minute time periods
the rate of emission in common responses followed the same
mathavatical function as did the overall continuous-
controlled associations for all sulrjects on ten trials,

Thus the seaantic link between group and individual with
respect to cosmmoh responsss does rsflect a pattern or
regularity in this respect,

“any implications for further research suggest
thenselves 28 8 result of the present findingm

The hypothesas of the present thesis should if
posegidble be tested in relation t» discrete-free and dlacrete-
coatrolled associations, These types of association present
aistinct methodological problems, however, For example, how
do you generats 1000 responses of the Kent-Rosansff type in
a single subject without (a) smpending years collecting data
aad (b) avoiding raeinforcement aeffects, serisl effecta, and
#0 on, which might constantly modify the taskl There is the
suestion whether randomized presentations of stimuli could

overcome these ol jections,
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A design sorevhat similar to the present study i 't
wvell be applied to continurusmecontrolled cdata wherein varying
restrictions of sufcabe or set are a2ttenpted, In this
connection it should be remarked that the cresent thesip 20
wvell as the related stulies of ousefield and jedgewick
enployed conerste continuouse—cnatrelled cateqories such as
citiews, birxis, carpenter's tools, names of fellow students,
and so0 on, Some insight into higher mental processes might
result in estabklishing whether conmonality occurs in more
aratract types of rufgadbe or vet,

Finally, one wonders what kxind of veriations in
commonality i’ sht accur in groups other than callege and

university students,
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Verbal response frequency in » group of subjscts ie
oftsen employed as both a definition and medsuremsnt of
verbal associative-strength, - fundamental theoreticsl
gquestion centers aroun’ the axtent to which such group
frequencies or prokadilities are directly spplicable to the
range of responses within indivicdual subjects comprieing
the group,

In the forx of a specific hypothesis the above
theoretical questinn may be statel as follows: Under given
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fresuency with which verbal responses are elicited in a
group of subjects as compared to the frequency with which
they are elicited in each and every individual comprising
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verral res-onses was genarated in each of ten subjects on
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1 Joha J, Flaming, Coctorsl thesis presented to the
school of Peychology of the niversity of Ottawa, Ontaris,
nuguet, 1964, x-t4 »,
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be compared with squal fregquencies in groups (trials) of
sud jects,

in oxrder to generzte & sufficient population of
responses in sech subject continuousefres and continususe
controlled association wese employed, Comparison of group
and indivicdual responses was based upon two related griteria,
if group and individual response populations reflected
similar frequancies in word association thens (1) thearas
must be responses cozmon to all subjects, and in addition
{2) thexe zust be po significant daifference in the frequency
of common responses bstween group and individual response
populations, Jommon responsas wers dstermined by arithmetic
tabulation, Statistical significance wvas tested by an
tnalysis of Variance design vherein Variance estimates
could be made from rowe {sudjects) as well as colusns
{groups or trials),

Ath respect o continuous-free association ao
common responses occurred, & it was concluded that in this
type of cata group frequencies of responses can nst be
directly applied to individual response populations,

44th respect to continuwousecontrolle. sasaciation
common regponses JAi6 sccur, Lowever the frevuency with which
they accurrel in aach subject varied significantly, The same
statistically significant rmsult apvlied to the variation

in groups (triale) of responses,
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is A gemersl conclusion from the data, then, in
continuous-frae and continudus-controlled types of verbal
association there i3 rcal guestion as tn whether group
frequencies of respons2 can be directl;y ¢.—liz’ to
indivi ‘ual response papulations, Uro: the fagicn of the
pregent gstucy hovever there was Cevmnstrated a gemantic
iink between group and isndividual responsesz in the cape of
continuouz-controlled sssocintion, A restrictive aulgabe
to name frur-lured animals did result in approximately
forty-six per cent common responses wvhose ratz of sxiession
coaformed L> 2 mathematical function which has been found
in othar studies to be characteristic of this type of word

aspociation,
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