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ABSTRACT

Briasfiyv displayed words are far more accurately
recognizged if the words displaved are familiar.
Although well establiished, this phenomenon has not
vet been adeguately explained. Word recognition
performance combines two components: the stimulus
component, compriesing information recedved from the
stimalus and transmitted into the response:; and the

supplementary component, comprising additional

information supplied by the subject. Techniques
currently available do not enable these two components
to be separated. It has therefore not been possihle
to determine how the effects of familiarity are
distribufed acvoss the two components, This thesis
describes techunigues which do provide such a

separation.

Employing these technigues it is clearly shown
that the effects of familiarity include changes in the
stimlus component. Investigations of the mechanism
aof these changes in the gtimulus cowmponent then show
that the input ds identified as a single particular

word within the yeception svstems. The improvement

in recogrition performance resulits Trom the snsuing
reduction in read-csut and sgtorage load. Thesa
findings constitute a confirmation of Woodworth's

whole-word theoryv.



CHAPTER 1

THE PROBLEM

Human action proceeds in highly efficient
co-ordination with many aspects of a rich and changing
environment, The information about the environment
which this achievement demamds must be extracted from
the input of some three million sensory fibres, Few
of the neariy infinite number of input properties
which could be extracted have any functional value,
and selection of these that are useful is essentilal
for efficient behaviour. This selection must be
largely genetically determined, but a system which
enabled new properties of the input to be extracted,
on the basis of individual experience, would have
great advantages over one that did not. Individual
adaptation is of course a general phenomenon, but
it has been widely assumed to result only from learning
new relations between old properties, rather than
from changing the properties used. This latter
possibility is also important with respect to the
nature of the processes extracting the properties
from the dinput, In a system developed by individual
experience, these processes would differ markedly

From those in a system determined by genetics alone,

Important though this issue is, the technical
difficulties are such that neither the nature nor the

extent of the dependence of input processing on

i
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individual experience have been at all clearly
determined., The basic difficulty is that the only
evidence available and relevant is behavioural,
whereas the issue is concerned with processes that
are central, Furthermoyre, neither phvsiclogical nor
psyvchological experiments with animals can provide
conclusive evidence of the importance of perceptual
learning in mean, Man makes use of environmental
properties which are particularly subtle, complex and
idiosyneratic; it may well be that perceptual
development through individual experience is far more
important in man than in other animals. Extensive
experimental contrel of the environment in which
hiuman s develop is not feasible, however, and the
amount of experimentally controlled experience will
often be negligible in comparison with the background
of everyday experience. Everyday experience is
itself difficult te treat as an experimental
variable, and so the experimenter is left with
experimental effects which are often small and

unreliable.

Even if experimental changes in performance are
produced we are faced with a fundsmental difficulty
of interpretation. Is the change in performance due
to the extraction of new properties from the input,
ar toe the occurrence of new responses to the old
properties? Consgider;, for example, the results
obtained by Leeper {19733), He reports that exposure
to incomplete figures, supplemented by a verbal
description of the associated complete figure, increases

the probability that a person will ‘see' the complete



figure in the incomplete one, 1Is this because the
person learns to put the input together in a new way,
or is it only because he learns a new verbal respuonse
to the input analveed as before? Similarly, Von
Senden {1960) reports that adults who have had
congenital cataracis removed are unable to recognize
simple shapes and objects. Is this because they have
net learned to extract the relevant visual properties,
or because they have not learmed to c¢all these

propercties *‘roand! or ‘square!'?

In spite of these difficulties of interpretation,
considerable advance has been made in discovering the
relation between prior experience and performance in
perceptual tasks. A wide variety of prior experiences
have been used, and their sffects have been studied
on many perceptual phenomena: e.g. the recognition of
words presented visually or acoustically, the
perception of form, the perceptual constancies, the
visual illusions, depth perception, and the appearance
of stabilized retinal images., Extensive reviews of
the findings of such research are given by Ammons
(1954) and by Wohlwill {1960)., The recent discussions
by Fantz (1965) and by Postman (19673) provide
particulariy close analyses of the methodelogical and

interpretive problems.,

Word recognition differs from the other phenomena
in a numbexr of inpeortant respects, and these differences
give word recognition a particular significance in the

study of perceptual learning:
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Words, being culturally determined, have
Just the kKind of regularity which can be
utilized only by post-embryonic

development.

Language is unigue to man, axnd may well
be due in part te a particular capacity

for post-embryonic percepiual development.

Since J. MecKeen Cattell's experiments in
18853, performance in word recognition
has been kunown to be highly dependent on
individual learning. With this
phenomenon at least, experimental effects

are large and reliable.

The interpretive issue is particularly
clear, and the inconclusiveness of
performance change in word recognition

as evidence of perceptual learning 1is

at the centre of much recent debate. The
difficulty ds generally believed to vesult
from the fact that some recognition
responses are more lLikely to occur than
others, gulte indspendenitly of information
from the stimulus. Tharefore 1t i3 relerred

to as the problem of response bias,

Presenting a set of ditems, and then moting
the accuracy of the subject!s reproduction,
is a procedure common to experiments on
word recognltion and to experiments on
verbal learning. When in addition prieor

training is given on the waord to he



recognized, the methodological continuity
between the word recopniticn situation
and traditional learning situations is

particularly clear,

In addition, the restricted viewing conditions used in
most studies of word recognition are of significance
in that individual experience may function primariliy
te make reactions to particular environmental
characteristics gquicker, easier, or more efficient.

If this is the case, and in word recognition at least
there is good evidence that it is, then the effects

of dindividual experience will be seen, not in the
perceptions attained, but in the rate of attaining
them, It is this point which gives importance to
procedures such as tachistoscopic presentation, but it is

one that 18 rarely noticed,

The research reported in this thesis is concerned
with the way in which prior experience of the displayed
word affects information processing in word recognition
tasks. Inn word recognition we have a task in which
success appears to depend on events of reception,
and which is known to be highly dependent on the prior
experience of the subject. But this does not justily
the conclusion that Iinput processing is developed by
experience because it 1is possible that the responses
change while the input properties toe which they are
given stay the same. The primary aim of the present
resgarchh i8 to investigate the processes underiyving
the effects of priocr experience in word recognition

by the use of techniques that overcome this basic



interpretive difficulty. In order to further clarify
the nature of the facts, theories, and difficulties
involved; the remainder of this chapter deals with

three topics:

1. The scope of the effect of priox

exporience on word recognition.

2 The nature of the explanations which

have been offered fer these phenomensa.

3. The nature of the problem of response
bias in word recognition situations,
and the sttempts that have been made

to overcome it.

The literature on each of these topics is very
extensive, and the following sections do not attempt
a comprehensive rewview, Instead they attempt to
illustrate the major empirical findings and to show

the various ways in which they have been interpreied.

1.1 The dependence of word recognition on priosr
gxperlence

In the study of word recognition four areas of
research have been predominant: these are the
investigation of reaction time, the span of
apprehension, reading efficiency, and recognition
threshoelds, In all four areas the pricry experiences
most relevant to performance are thoeose in which the
person met the words to be recognised, Many aspects
of these prior experiences have been studied for
their effect on word recognition: for example, their

frequency, their recency, the modality through which



the words were presented, their associatdion with
reinforcing events, and the emotional, motivational,
and other meanings they develop for the words.
Throughout this thesis the primary concern is with
those aspects of prior experience that develop word
identity. 7That is, with those aspects directly
concerned with the presentation of the word itself,
rather than those concerned with associated events,
such as might develop meaning for the word, The
effects due to these aspects of prior experience

are normally called the effects of word familiarity.
There are two main reasons for this emphasis, First,
word identity must e established before meaning
can be given teo the word, Second, large performance
changes have heen shown to result from the prior
experience of words, even if no meaning is given to

them {Solomon and Postman, 1952),

Reaction time and reading efficiency are not of
central concern to this thesis. They are therefore
discussed only to the extent necessary to show their
relation to the areas that are of more central
concern and to show how general are the effects of

familiarity.

1,1.1 Reaction time

Discrimination of wverbal material was among the
cerebral operations whose durations were estimated by
the reaction-time method initiated by Donders in
1868, The methods and results are well illustrated
by the experiments of J. McKeen Cattell (2886b)9



His form of the method was to present a word, seleciaed
from a specified set of words, aasd to require the
subject to make a reaction only if it was a particular
one. Cattell determined the ‘perception ftime? for
this particular word by first subtracting from the
average rTeaction time the simple reaction time, and
then dividing the result by two, The division by

two arase from the view that both perception and the
subseguent preparation of the motor impulse were

added to the simple reaction., arnd that these were of
about equal duration, By such methods, Cattell
determined his own ‘perception time' to be 116
milliseconds for single letters, 141 miliseconds

for short English words, and 150 millisenonds for
short German words, (Cattell, as an assistant to
Wundt, was probably well acquainted with the German
language.) The calculation of 'perception time'! may
not be valid, but the fact remains that discriminative
reaction time for a familiar word is little more Than
for a single letter, and for a familiar word in a
native language shorter than for a familiar word in

a Toreign language.

Although discriminative, or cholce, reaction bTime
remained for some vears a major tool in the study of
word recognition and octher perceptual processes
{Woodworth, 1938) it is little wused as a tool in
contemporary word recognition ressarch. The recent
revival of interest in discriminative reaction time
has been concerned with topics such as the relation

of reaction time to the number of bits of dnformation



per stimulus presentation (Adams, 1964), rather than
with the relation of reaction time to processes of

word recognition.

1.1.2 The span of apprehensicn

Experiments on the span of apprehension are all
characterized by the presentation of a visual display
for a brief duration, and the subsequent calcilation
of the accuracy of the subject's reproduction. The
resulting performance is variously known as the span
of apprehension, the span of attention, and the span
of perception., Many variations of the displayed
material, the manner of reproduction, and the type of
calculation have been used, Most have heen examined
for thelr dependence on prior experience, and the
dependence is tvpically large. The span for randomly
chosen letters is rarely above 7 letters; Zeitler and
Becher in independent experiments, [found that for
familiar words 25 or 20 letters could ke reproduced
after a single brief exposure., Thelir experiments,
and others showing similar results, are described by
Tinker (1929).

1 a sequence of words, syllables, or letters,
is presented acoustically, rather than visually, the

span calculated is known as the span of immediate

memory, This too is known to be highly dependant on
the familiarity of the presented material (Miller,
1956), At first sight it appears that this procedure
is not related to word recognition, Nevertheless,

both the span of apprehension and the span of immediate

memory are related to word recognition in essentially
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the same way., In both cases the task of reproducing
the word 'Bewesgungsemfindungent!, {for instance; may
be eithexr one of immediate memory or one of wad
recognition, Which it is will, in thies case, depend

on the perscn's familiarity with German,

1.1.73 Reading efficiency

The familiarity of the material being read will
clearly affect many aspects of reading efficiency.
Some of the earliest measursments are reported by

Cattell, He says;

I find it takes about *twice as long to
read {aloud, as fast as possible) words which
have no commexion as words which make
sentences, and letterg which have no connexion
as letters which make words. When the words
make sentences and the letters words, not only
do the processes of seeing and naming overlap,
but by one mental effort the subject can
recognise a whole group of words or letters,
and by one will-act choose the motions to be
made in nawming them, so that the rate at which
the words and letters are read is really only
limited by the maximum rapidity at which the
speech~organs can be moved....¥%hen a passage
is read zloud at a normal rate, abhout the same
time is taken for each word as when words
having noe connexion are read as fast as
possible, The rate at which a person reads
a foreign language is proportional to his
familiarity with the langusge., For example,
when reading as fast as possible the wiiter’s
rate was, English 138, French 167, German
250, Italian 327, Latin 434, and Greek 484
the figures giving the thousandths of a
second taken to read each word. Experiments
made on others strikingly confirm these
results, {Cattell, 1886a, p.64-65.)
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Morton (1964) shows that as the order of approximation
to English of the material increases, reading speed
increases, the eye~voice span increases, the mean
number of fixations and regressions decrease and the
number of errors decreases. The degree of
approximation to English, however, did not affect

the mean fixation time, Similar presults were

obtained by Sumby and Pollack (1954).

1.1.4 Word recognition threshold

In all the wvariety of recognition threshold
measures there are two common elements. These are
the systematic variation of a stimulus parameter
affecting accuracy of recognition, in accordance with
the ascending method of limits, and the definition of
the threshold as that value of the stimulus parameter
at which reproduction of a specified degree of
aceuracy occurs, In nearly all experiments the words
are presented either visually or acoustically.
Numerous parameters of the visual stimulus bave been
used; duration, brightness, distance, the amount of
blurring, the number of onion skin papers through
which the subject sees the word, and many others.

The parameters of the acoustic stimuli on which
research has concentrated are intensity, and the
relative amount of background noise. The aspects

of prior experience whose effects on the recognition
thresholds have been studied are also numerous,
including: the freguency of experimental presentation
of the word, the modality of presentation, the

relative freguency with which the word occurs in
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popular magazines, and the emotiomal, motivational,
or neutral meanings that have been associated with
the word. Most combinations of type of threshold
measure and type of prior experience have been studied.
Brown {1961) gives a thorough account of the results.
The experiment of Solomon and Postman (1952) has
served as a paradigm for many later experiments.

They showed that the visual duration threshold for
word recognition is a sharply negatively accelerated
decay fumnction of experimentally contreiled rehearsal
freqguency, This was proved to be a reliabie
phenomenon by the replication of King-Eilison and
Jenkins (1954)., Similar results were cbtained fox
the visual brightness threshold by Baker and Feldman
{1956) and for auditory masking thresholds by Postman
and Rosenzweig (1956},

The general outcome of this ressarch is that any
prior experience with initially unfamiliar words will
affect the recognition thresholds for those words,
no matter which of the methods for measuring fthe
recognition threshold is used, There are two reported
exceptions to this generalization. First, Postman
and Conger {(1954) report that freguency of exposure
when uncorrelated with response freguency does not
influence the visual daration thresholds. Sprague
(1959), however, reports that it does, The difference
is very probably due to the fact that in Postman and
Conger's experiment, the prior presentation of the
words was agparts of other words, whereas in Sprague's
experiment they were presented as words in their own

right., TIf so0, this increases the importance of word
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identity as an aspect mediating rehearsal effects.
SEecond, Postman and Hosenzweig {i956) find no effect
of acoustic presentation on the visval duration
threshold. However, Forrest (1657} and Weissman and
Crocketit (1957) do report such an effect. Whether
there are exceptions or not, the effect of prior
gxperience on recognition thresholds is clearly a

phenomenon of very great genevalitly,

Lol.5  Summaiy

Four different performance measures have been
considered: reaction time, span of apprehension,
reading speed, and recognition threshold, In all
four the subject's basic bask is to determine the
naturs of the word or words in the wisual display,
and in all four the performance depends on the speed
with which he does this. In all four, =also, it has
been found that performance is better if the words
are familiar to ths subject,. These common effecis
need not all be due fo the same causs. Indeed the
phenomena in the four areas are most often investigated
and explained independently. Nevertheless, it seems
unwise to reject the search for a common explanation, wntil

there are good grounds for deoing so.

l:2 Some proposed explanations

Explanations of the effect of prior expervience
on word recegnition are commonly divided into two
groups, In simple terms, the first group states that

the effect cceurs because, with familiar words, the
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subject sees more of the presented stimulnus; and

the second group states that it occurs because, with
familiar words, the subjectis guesses are more Likely
to be right. The issue hetween the twso groups is
widely debated, but it is described in a most informal
way. [t is wvariously stated, for example, as
perception versus respounse, sesing wversus saying, and
stimilus discriminability versus response hias,
Vnfortunately the use of terms of this kind confuses
two issues. First, there is the issue regarding the
amount of stimulus information that controls ward
recognition performance. That is, does a greater
amount of the stimulus control performance when the
word is familiar, or deoes the amount of stimulus
information used remain unchanged but become morTe
accurately supplemsnted by the subject? Second,
there is the issue regarding the wvisual perceptions
of which the subject is aware, 7That is, dis the
subject aware of different viswal perceptions when
the word is familiax, or are unchanged wvisual
perceptions reported by the subject in a different
way? Although very commonly confused, these issues
are clearly distinct, The second can only be
resoived when techniques are discovered that will
allow the investigation of a subject's awareness
other than through his verbal report, ¥No such
techniqués are available at present, and it is
therefore with the irst issue that this thesis is

primarily concerned.,



To avoid the ambiguity inberent in the¢ Gterms
commonly used, and to make it clear that only the
first issue is being referred to, explanations wilil
be divided according as to whether they offer

explanations in terms of input processing or in terms of

supplementation. FExplanations in terms of input

processing postulate that, as a result of changes in
the way the input is processed when words are familiar,
more information from the stimulus is transmitted into
the word recognition response., Explanations in terms
af supplementation postulate that performance changes
are due only to the increased accuracy of that
component of word recognition performance which is
determined by variables extraneous to the presented
stimalus,. In this thesis that part of word recognition
performance which is due to the stimulus will be

called the stimulus component, and the remainder,

which must therefore be supplied by the subject

himeself, will be called the supplementary component,

Thus, explanations in terms of input processing clainm
that familiarity affects the stimulus component, and
explanations in terms of supplementation claim that
it affects the supplementary component. An attempt
toe clarify further the msesanings of these terms will

be made in Chapter 3,

1.2,1 Explanations in terms of imput processing

The early workers took it for granted that the
phenomena were due to a change in jinput processing.
Cattell's explanation was in terms of the person

seeing the word as a whole. He said:
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We now come to consider the time it takes to
see a word, a process with which the brain is
constantly cccupied. Twenty-six words were
taken, and when the expected one was s¢en

the observer lifted his hand., The
perception-time so determined is the time
needed to distinguish the word from the other
twenty-five; the time is slightly longer when
it is necessary to distinguish words from
others very similar in form ; for example,
hand from band. Indeed we must remember that
perception is not a sharply defined process.
As I have shown, we see a letiter hefore we
see what letter it is; in like manmer a
further time passes before we see the letter
in all its details, that it is not perfectly
printed, for exampie...,It will be noticed
that the perception-time is only slightly
longer for a word than for a single letler;
we do not therefore perceive separately the
letters of which a word is composed, but the
word as a whole. (Cattell, 1886b, p.387.)

Cattell gives a similar vlew in the statement guoted

in Section 1.1.3%. He seems not to have noticed the

possibility that the letters could be perceived

concurrently but separately. Nor does Woodworth,

whio endorsed Cattell's view and expanded on itl:

Ope curious fact noted by several investigators...
is that even when 0 can report but a few, he
believes he has seen all the letters distinctly
during the actual exposure. Unless they formed
a familiar word, he forgot them before reaching
them in his report. Nothing is more likely;
unless some word suggested itself at once,

brute memory would not hold all the disconnected
letters, But if O is not mistaken in this
impression, he gets for an instant perfectly
adequate cues of a correctly presented word.

If for an instant he sees the whole word c¢learliy,
4% he thinks he does, he has all the cues he
could desire..,.The most effective cue for



reading a long word comsists of a large
share of the letters in the word, seen with
fair distinctness for an instant.

This conclusion does not mean in the

least that the word is read by spelling it

out; evidence previously cited is enough

to exciude that supposition. What the

conclusion means is that an adeguate

simultapecus view of the entire word 1s

the cue for recalling the word., {Woodworth,

1938, p.7h2-743,)

Most of the early work on word recogniftion was
concerned with the determination of those aspects of
the word which served as cues for its recognition.
Frdmann and Dodpge (Tinker, 1929) agreed with Cattell
that familiarity caused a change in the cues used,
but proposed that it was not the whole of the word
which served as the cue for familiar words, but only
its general or external ocutline., Goldscheider and
Muller {Tinker, 1929) emphasised the importance of
particular letters, which they called f‘determining
letters', in forming this general outline. It was
assumed that whole word form of general outline cues
could neot be used with unfamiliar words, the subject
having then to reverl to the more laborisus
proce dure of identifving the word letter by letter,
Tinker accepts the view that familiarity changes
input processing., He suggests this may take the
form of » 'natural tendency to combine the different
elements of a wvisual jimpression into higher perceptual
units whenever grouping is possiblet, {TinkexP 1829,
§§227). These explanations were primarily concerned

with reaction time, the span of attention, and



18

reading, but were applied to some thresholds,e.g.
distance tlresholds, and could easily be extended
to most of the others. With respect to reading the
general view was that the subject read by letter,
word, or phrase, according to his purposes and his

familiarity with the material.

The idea that the phenomena might not involve
improved input proecessing, but be dus only to
improved eificiency of supplementation, either did
not occcur to most of these investigators or did not
strike them as a critical difficulty, The
explanations they offer are suggestive, but lack
crucial details., For instance, it is difficult
to determine what !'perceiving the word as a whole'
means. It might mean perceiving each of the letters
concurrently, although Cattell's statement seems to
imply that he means something else, What this is,
and what processes may achieve the perception of

words as wholes, neither he nor Woodworth suggest .

Few modern writers offer explanation emphasizing
input processes, and those that do give little detail.
Portnoy, Portnov, and Salzinger (1964) suggest it is
a matter of ‘hedightened stimulus discriminability?,
but give no more detail of what this entails.

Neisser (l954} reports an ingenious demonstration
which indicated that prior experdience may exert its
influence through a ‘perceptual process! or seeing,
rather than through ‘'verbal response! or saying; but

no further analysis of this distinction is offered.
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1.2.2 Explanatlons in terms of supplementation

Although ignored by many workers the importance
of supplementary processes was pointed out from the
time of the earliest experiments. Zeitler in 1900
and Winch in 1925, as described by Tinker {1929),
were claiming that onily part of the word served as
a cue to recognition, the rest being filled out by
association, The parts thought most likely to serve
as cues were the 'dominant letters?!, that is, the

ascenders, descenders, and capitals.,

Since about 1950 explanations in terms of
supplementation have been given a great deal of
attention, and are now widely accepted, These
explanations take many forms which differ amongst
themselves in dmposriant ways: firstly, in the natare
Of the supplementary procesgses that they pestulate;
and secondly, in the way stimulus and supplementfary
comporent s are presumed to combine to produce the

overall recognition performance,

Supplementation explanations are often said to
be of two types: those ¢laiming that stimulus and
supplementary components combine to form particular
recognitions, and those claiming that they do not.
Kempler and Wiener (1963) call the first type

part-cue response~characteristic theories, because

they claim that experimentally or motivationally
induced differences in recognition performance result
from differential response characteristics to the

seen part-cues, The second LHype of supplementation

explanation 1s one which denies part-cues and claims
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that the stimulus component is either all or nothing,
IT this claim were itrue supplementation would occur
only in the complete absence of any stimulus
component., Supplementation explanations of this

type can thus be described as no-cue resporse-

characteristic theories, or simply as nowcue theories,

Contrary to common belief the no-cue theories -
which are at best false and at worst absurd -~ have
no supporters. The explanations to be reviewed in
this section are therefore all part-cue theories.
As, however, it is the no-cue theories which are the
most commonly attacked, an attempt to show that they

have no supporters must first be made.

Two different forms of the no-cme theory have
been discussed in the literature. The first form is
that which deniles the stimulus any role in recogmnition
performance, Kempler and Wiener, for instance,
suggest that Goldstein may support this view, They

say

It is not clear from the various expositions
of the response explanationsz whether any or
how much wvariance in threshold behaviocur can
be attributed to stimulus input. Occasionally
the impression is even given that response
probabilities remain constant despite changes
in stimulus information. For example, Goldstein
(1962} states: '"The results indicate that the
subject does enter the perceptual situation
with clearly defined response habits which are
not under the contrnl of the perceptual
stimulus and which can influence the subjecti!s
recognition score! {p.27}. {(Kempler and
Wiener, 19673, p.350.)
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is clear that he does not claim recognition scores to

be independent of stimulus information:

The present study represents an attempt to
isolate two sources of varizme in perceptual
recognition scores: variance related to
highly overlearned response habits and
variance related to the presence of a visual
stimualus., The results indicated that 5 does
enter the perceptual situwation with clearly
defined response habits which are not under
the control of the perceptual stimulus and
which can influence 5's recognition score.
With regard to the perceptual defense effect
words classified as anxiety arousing have
less probability of being used as recognition
guesses and this negative response bias makes
a correct signal detection less likely when a

discriminative stimulus is presented.
(Goldstein, 1962, p.27.)

The second form of no-~cue theory admits that

there are both stimulus and supplementary components

of recugnition performance, but supposes that
poceur only on different trials., Although not
explicit on this matter, Brown and Rubenstein

seem to take this to be the most general form

they

(1961)
of

response bias theory, and they suggest, as do many

other writers, that Goldiamond and Hawkins support

such a theory. Goldiamond and Hawkins (1958)

demonstrated that a logarithmic relation between word

fregquency and pseudo-recognition thresholds could be

obtained without stimuvlus words and thus without a

stimulus component of recognition performance,

Lt

is clear, however, that they do not propose a no~cue

theory of any kind to account for performance when
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stimulus words are presented,. They make the assumption
that when words are perceptible then they are all
equally perceptible regardless of the frequency with
which they have been previously met, This implies
that partial stimulus control of word recognition
may occur. Goldiamond, in another article;, is more
explicit, He says:
The oxrganism enters the perception

situation with built-in response biases,

that is, he has been shaped by preceding

conditionings, Certain of these blases

are so regular as to enable us to recognize

him by them; presumably personality relates
to such biases, ...

The effect of the interaction of this
factor with partial identification of a
discriminated stimulus needs little
elaboration, A couple of letters discriminated
may provide the occasion for a response which
has been previously reinforced under similar
conditions, If this response has a higher
probability than others, and this bias will
lead to ¢guick congruence, 5 will display
sensitization effects, {Goldiamond, 1958,
p.397-398, )

This saccecount shows all the hasic characteristics of

a part-cue theory.

{(Primarily, the experiment of Goldiamond and
Hawkins should be seen as demonstrating a weakness
in the traditional methods of threshold msasurement.
Initdial presentation must be below threshold, If
the steps by which the presentation energy is ralsed
are small, pseudo~recognition thresholds will result;
whereas 1f they are large, threshold measures wilil

be crude. The existence of an acceptable size of step
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will depend upon specific conditions, particularly
upon the subject's knowledge of which words are to be
presented, and on the degree to which these are
restricted by the part-cues available at short

durations, )

A11 explanations in terms of supplementation are
therefore part-cue theories. Those described here
have been chosen either because they are widely
influential, or because they demonstrate key features
clearly. No attempt is made to give a comprehensive

review of all supplementation explanations.

The statement by Howes (1954} of one well known
explanation is sufficiently detailed and clear to

deserve full guotation:

The interpretation to be considered here
can be characterized as a response-ecmission
theory, We may think of the momentary
prrobability of a word (defined as the strength
of S's tendency to emit that word in preference
to any other) as a guantity that fluctuates
widely from moment to moment in accordance with
changes in innumerable environmental and
organismic conditions that affect the emissions
of words. Over a time period of considerable
length the average of these momentary
probabilities will be a relatively stable
statistic, which we shall call the base
probability of the word,

Vizual exposure of a word to 8 for a
brief length of time £t is assumed to
represent an envirommental event tending
to cause emission of the exposed word. The
momentary probability of a word following
its exposure may therefore be analyred into
two components: a component due to the
ordinary impulses to emission of the word,



whose average value 1s the base probability;
and a component due to the additional
impulse of the word's wvisual exposure.
Conseguently, the average probability of a
word following each of a number of exposures
of given duration must be greater than the
corresponding average base probability of
the word. A given level of probability
following exposure can result either from

a relatively large component due to base
probablility plus a small additional component
due to exposure or from a relatively small
component due to base probability plus a
large additional component due to exposure.
It follows that the duration threshold of a
word, which is defined as the duration of
exposure for which 30% of S's reports
following exposure are correct, will be
lower for a word with high base probabllity
than for a word with low base probability.
(Howes 1954, p.104,)

There are grave weaknesses in the notion of base
probability suggested by Howes. As the base
probability is estimated over all situations, it
already includes emission probability in situations
where words are viewed brieflv. The two probabilities
are therefore not independent. Another difficulty is
that base probabilities are extremely small; as
estimated by the Thorndike~Lorge word count most

words have a base probability of less than 0001,

On the formulation of Howes, therefore, accurate word
recognition would be so largely controlled by the
component dependent on wvisual exposure that variations
in threshold due to varying word freguency would be
extremely small. They are in fact very large.
Finally, the gravest weakness is that the base

probability is a false estimate of prior frequency
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of emission when applied to any particular situation
ar limited class of situations., such as threshold
measurement sxperiments, Changes in emission
prohabilities across different situations are large
and discontinucus. In experiments like thoss of
Solomen and Postman (1952) and Goldiamond and
Hawkins (1958)3 for example, no English words are

emitted at all.

The conception of word recognition as determined
by diverse factors, dwmplies that these factors may
often be in competition, and there are explanations
of the effects of prior experisnce on recoegnition
which emphasize this aspect, One of the first was
the hyvpotheses~theory of Bruner and Postman {allport,
1955}§ They talk of the strength of perceptuai-~
hypotheses instead of the strengths of tendencies to
emit & word, Hypothesis strength is said to be
depeudent on the freguency of past confirmation, the
nuwber of alternative hypotheses available,
motivational support, and cognitive suppsvt. IF
the strength of a perceptual hypothesis is increased,
Jless information dis required te confirm it, and more
information is reguired to infirm it. Which of =
mumber of competing hypothesés is confirmed will
depend upon their relative strengths and upon the

stimulus information available,

Sclomon and Postman taske a similar line. They

state the position clsarly:
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Given a population of associations, the
oine which has been exercissd most frequently
will have the greatest probability of being
slicited relative to other, like associations,
How will this fac¢t influence S5's responses
in a tvachistoscopic situation? When a
stimulus pattern is presented at short
durations or at low illumination intensities,
only fragments of the total word stimulus are
teffective!. Such a stimulus fragment may
be considered to represent a point on the
generalization dimension of stimulus patierns
capable of eliciting the correct verbal
response, 4 given stimulus fragment may, of
course, be located on several generalization
dimensions, each involving a different wuord,
Which verbal responss will be given depends
onn the relative strengths of association
which have hWeen established, through
generalization, between the particular
stimuius fragment and the different response
words. If the visually presented stimulus
word has had a greater freguency of prior
usage than any of the competing response
words, a correct response is highly probable. |

Words of lower prior sxercise frequency
will be interfered with by words of higher
exercise frequency. This interference will
manifest itselfl in the tendency of 5's
'guesses' to be high frequency words, If
the actual stimulus word is a low frequency
word, effective stimulus fragments will
elicit erroneous 'guesses'! until the amount
of effective stimulation becomes great enocugh
on successive exposures to reduce the number
of competing word responses. One may descrihe
the increase in effective stimulation as
limiting the range of competing '"hypotheses!
{1, 10) or one may speak of a restriction of
stimulus generalization. In this connection
it is interesting to point te the parallel
petween overt intrusions in retroaction and
proaction experiments and wrong pre-recognition
responsas in the tachistosceopic situation., In
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both cases, a strong competing response

temporarily replaces the correct response.

{Solomon and Postwan, 1952, p.597.)
This reasoning has been developed by Havens and Foote
(1963). They report that the thresholds for short
English words are determined by the number of English
wards having a similar structure, and a high frequency,
but noet by the freguency of the word itself, They
conclude that it is only competition which determines
thresholds, and that the low thresholds for high
frequency words is to be explained on the basis of
their having low freguency competitors. High
frequency words, thev suggest, will have low frequency
competitors as Tthey themselves already ocoupy the
high frequency slot for words of that configuration.
The weakness in this argument is that word
configurations are not found randowmly distributed
throughout the frequency range; on the contrary,
configuration is highly related to freqguency. High
frequency words, for instance, btend to be short words.
A high freguency word is thus more likely to have a
high fredquency than a low freguency competitor. If
thiis argument 1s correct, then a wordis own freguency
must be important din determining its jinteraction with
competitors, otherwise high freguency words would
have the highest thresheolds, as it is they which face

the strongest competition,

Lastly, a few weaknesses common to all

supplementation explanations wilil be mentioned:
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They are limited to span of apprehension
and to threshold phenomena. They have

been formulated to expladin the increased
accuracy with which a subject reproduces
familiaxr words, Reaction-time and

reading speed depend upon the ralts at

which the person recognizes words without
making errors, Ascuracy is not a variable.
As supplementation explanations say nothing
about the rate at which supplementation
coours, and as they usually imply the
ocourrence of errors, they are not relevant
to measures of either reaction time or

reading speed,

Explanations in terms of the response-
characteristiscs to part-cues should state
what the part-cuss are, but thev rarely
do. This has the result of making them
hard to test, a8 will be ssen mors clearly

in the next chapter,

Recognition is often seen as response
aemisslorn, or as tendenclies to response
emisslion, where the response oclosely
corresponds to the stimulus (e.g. Howes,
1954), On the face of it, this iz a
surprisingly perverse assumption. IT
it were coryect, Tecognition of the
gound of a jet engine, or of & painting
would be hardly possible. In any case,

regaghnition seems to be nogessary for the



person to know which response to tend

o emit - In view of such difficulties,
adoption of this assumption would be
expected to result only fram very strong
evidence im its support. No such evidence
seems to exidst, It is worth noting that
there 1s no necessity for supplementation
sxplanations to be in response terms, and
a few are not; hypothesis theory for

example,

4. Working with the span of attention,
Goldscheider and Muller, as reported by
Tinker (192¢}, discovered that for straight
and curved lines in unrelated arrangements,
about four strskes ocould be described and
reproduced. But letters are made out of
such strokes, and a long word could
certainly uet be reconsiructed from just
four of them, (It may be that more strokes
are recognized if thev form letters, but
to claim that this is s¢ is to admit the
effect of prior experience on the stimulus
c@mp@n@nﬁg} Conseguently, the sxtent %o
which accuracy is inecreased by prior
experience, appesrs far too largs to be

due to supplementation.

It can be seen that input processing and
supplementaiion explanations are very different,
If it is the case (as claimed later in this thesis)

that some a&ffects of prior experisznce are mediated
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by the stimulus cowponent, and some by the
supplementary component, then any attempt to

explain overall performance changes in terms of
either input processing or supplemeuntation is bhound
to arrive at a false account. Separation of the
stimialus and supplementary components of performancs
is thus essential 1T our understanding of the effects

of prior expsrience on word vecognition is to advance,

1.3 The separation of stimolus and supplementary
companents

This section will give an accoount of the attempts
that have heen made to determine how the effects of
prior experisnce are distributed between the stimulus
and supplementary componsnis, TIn view of ths
importance of the problem it is not surprising that
many'axteﬁpts at rescoiution have been made, However,
no generally accepted seolution has yet been offered,
as is attested by Tfrequent statements te that effect
{e.g. Gibson, 1963: Postman, 1963 ), and by the fact

that new attempts are continually appearing.

It is generally bhelieved that separation of
stimuias and supplewmentary components will result
from resclution of the problem of zresponse bias.
That is, from centrel for the different a prierdi
probabilities associrted with different recognition
respouses. It is therefore the problem of response
bias that most workers have tried to solve. However,
it will become spparent that the problem is essentially

not one of response bias but one of stimuius bias,



Experiments designed to test response bias
explanations by showing that either correct or
false recognitions depend upon the stimulus presented
test only no-cue theories, They thsrefore test the
weakest kind of supplementation explanation, which
noe one appears to hold. In any case, demonsiration
of the obvious fact that there is stimulus control
of recognition in no way solves the issue as fo

whether stimulus control varies with prior experience.

The remaiming attempts to decide between input
processing and supplementation explanations fall
into five groups: those presenting stimuli in such
a Tashion that the ?artmcues available to the subject
are known; those using phenomenal reports; those
testing hyvpotheses derived from explanations in
terms of either response biases or other forms of
supplementation; those measuring response biases
and thresholds concurrently; and finally, those using
indicator responses other than reproduction of the

words being recognized.

1.3.1 Part-cue control

The rationale of this approach is given in the
following argument. Reproduction has two components,
the stimulus and the supplementary, which are not
separable under marginal conditions of presentation.,
1t is therefore impossible to know how changes in
reproduction aceuracy are divided between them. I
presentation is not marginal, however, separation

will be possible as the stimulus component will be



known. Thus, when partial cues are presented above
threshold, the way in which the subject supplements
them can be studied. An approach of this kind is
suggested by Kempler and Wiener {(1963), The
experiment of Goldiamond and Hawkins (i958), already
mentioned, can bé seen as an early form of this
approach, If no stimulus is presented, there is no
stimalus component, and any change in performance

mist be due to a change in the supplementary component.

The first difficultvy with this procedure is that
response characteristics in the total absence of cues
will not be the same as those in the presence of
part-cuss, and part-cues are normally avallable in
tachistoscopic situations {Bricker and Chapanis,
1954). Spence {1963), therefore, sought to
demonstrate that the response biases to part-cues
were also such as could account for the effect of
prior experience on thresholds, Her experiment shows
the major characteristics of this approach. English
words of four letfers were presented to subjecis
agcording to normal threshold measurement procedures,
Three letters of each word were heavily typed, s8¢
that they would serve as part-cues. To make the
fourth letter effectively absent, it was either typed
lightly, so that it was barely visible under normal
viewing conditions, or replaced by a smudge. The
words were chosen so that the fourth letter could he
filled in with either of two, and only two, letters:
aone forming a high frequency word and the other a low
frequency word, The results showed that guesses of

the fourth lettey were much more likely to make high
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familiarity than low familiarity completions., Other
experiments in a similar veln are those of Kempler
and Wiener (1964}, Goldstein (1962), and Smock and
Kanfer (1961},

These experiments make a useful contribution,
for they show the variables on which the supplementation
of part-cues depends, They leave 1ittié doubt that
in cases where a person can only use part-cues,
performance will depend on response biases. Such
cases undoubtedly arise, and so the dependence of
word recognition on prior experience is at least in
part a matter of supplementation, But this is no
resolution of the problem, for the issue is whether
performance change under marginal conditions is due
to changes in input processing, in supplementation,
or in both. 1In essence, these experiments show
that performance change is a matter of response
bhias in cases where it could not possibly be a
matter of perception, but leave untouched the guestion
of whether it is perception in ﬁases where it could
be., In other words, it is impossible to show that a
persan fails to ses a letter when it is present by

showlng that he can guess it when it is not.

One other aspeoct of Spence's experiment must be
mentioned. It is that 'threshelds’ were measured by
treating the fourth letter as present. This procedurs
faces the obstacle that it is not possible to tell
to what extent the thresholds were pseudo-thresholds.
Spence does not say whether the lightly typed letters
were at all visible under conditions of brief

presentation. Even if they were, interpretation of
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the threshoelds would be difficult, for with only two
possible completions, accurate responses can easily
osccur independently of information from the input.
{This is the weakness of traditional threshold
measures noted in Section 1.2.2,) The combination

of clear part-cues with uwunclear parts was probably
used to avold the subhject veporting three letters

and a gap. ﬁﬂfﬂrtﬁnafely, it complicates
interpretation of the results, Any variation in
recognition of the unclear parts, as a function of
the available part-cues, 18 Jjust another demonstration
of the dependence of recognition on context; it still
suf fers from the familiar ambigulity, That is, 1if

the fourth letters +in Spence's experiment were at

all visible under tachistoscopic presentation, it
cannot be known whether they were recognilzed hetter
in highly familiar words hecause of better input

processing, or because of better supplementation.

1l:3.2 Phenomenal reports

The most natural and straightforward way to state
the issue is by using the words !'seeing! and fsaying',
and this is how it is commonly put. Some workers
suggest that, if this is the issue, it might be
resolved by simply asking the subject to report only
what he sees. This technique for response bias
control is used by Haber (1965) and by Morton {(1964),
Haber concludes that word fregquency effects are
mediated by response processes (aithough the stimuluas

controls more basic perceptual processes). Morton



concludes that context and frequency affects are

mediated by perceptual changes.

Assessment of the role of phenomenal reports
will centre on two main aspects; the relation of
percepitual awareness to input processing and
supplementation, amd the relation of report to
awareness, Perceptual awareness is commonly
identified with the information the person in fact
received from the stimulus, s¢ that if a person
Tseesa! more of a familiar stimalus, then input
processing must be more efficient. This is the view
Haber seems to favour. Morton, on the other hand,
heolds the view that awareness is of the combined
result of input processing and supplementation., In
this, he agrees with the hypothesis theory of Bruner
and Postman, Lt is reasonably clear that awareness
is not a faithful representation of the information
received from the stimulus, Firstly, the subject
claims awareness of elements not in the stimalus, as
indicated by the errors of subjects wheo c¢laim not to
be guessing. Secondly, e¢xperiments carried out in
asscciation with the research reported in this thesis
indicate that the reproduced letters said by the
subject to be guessed and not seen, are in some

conditions more accurate than is possible by chance.

As an attempt to separate stimulus and
supplementary components, therefore, the introspective
method proceeds by asking the subject to make the
separation himself, but fails because with marginal

presentations he does not know which is which.,
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Furthermore, even if the subject could make the
separation this would not solve the problem, for the
only way to determine whether he could would he to
compare his separation with the stimulus and
supplementary components, If this was possible the

preoblem would already be =solved.

As an attempt to determine whether perceptual
awareness changes with prior experience independently
of the Input versus supplementation issue, this
approach faces the old but real problem of the
relation of awareness and rveport. This problem is
particularly jimportant where the perceptual awareness
being considered exists only briefly., An expeéeriment
of Glanville and Dallenbach (1929) is of importance
here, They report that the span of apprehension is
not the number of items to which & perscon is aware of
attending, but the number he does not forget., Their
evidence for this is that items are reported as all
appearing egually clear during presentation, although
only a small proportion of them can be accurately
reported, This wide field of distinct wvision is well
document ed, and consegquently it dees not appear
possible to accept the view that what is reported is
what is 'seen', The report certainly does have some
relation to portions of the stream of consciousness,
but present techniques allow no ¢lear decision as to

what these portions and relations are.
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1.3.3 7Theoretical development and test

In this approach, theories are developed on the
basis 0f either an input processing or supplementation
interpretation, and thelr consequences tested, For
instance, Zajonc and Nieuwenhuyse (196h), assumed
that the fregquency effect was due to response bias,
and noted that the S-R drive theory developed by
Spence (1936) states that an increase in drive raises
the probability of responses governed by strong
habits, amd lowers the probability of responses
governed by weak habits, On this basis an increase
in drive should heighten the effect of frequency on
recognition thresholds., The results obtained by
Zajone and Nieuwenhusye showed no significant
frequency-drive interaction, so they concluded that
respomse bias plays a negligible role in threshold
effects. A minor objection to such a conclusion is
that, statistically, little weight can be placed on
a failure to find an effect, particularly in instances
where the theory being tested makes no prediciion
about the sigze of the effect, A more important
objection is that, as innumerable theories invelving
the notion of supplementation could be developed,
Ctests of particular ones do not necessarily test the
others. The value of any particular test depends on
the degree to which the prediction concerned is
ceommon to supplementation explanations in general.
For instance, prediction of an interaction between
drive and the freguency effect, may be common to syme
supplementation explanations, but it certainly is

not common to all. The premise, bkasic to all
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supplementation explanations, is the statement that
the prior experience changes only the supplementary
component, 1t is this statement, or those it implies,
which must be tested; not the theories which may be
built around it.

1.3.4 Measures of response characteristics

If wvariations in thresholds are due to the
different probabhilities associated with the different
indicator responses, then simultaneous measures of
thresholds and of response probability should show
them to co-vary, e.g. response proebability should
depend on freguency in the same way as thresholds,
This technique has been used most in studies of
perceptual defence (Mathewa and Wertheimer, 195&;
Minard, 1965}, Neisser's attempt to determine
whether set affects 'perceptual process' or !verbal
response' is a form of this technique (Neisser, 1954).
He showed subjects a list of 10 English words and told
them these would be included in the words to be
displayed briefly in the tachistoscope. Thresholds
for the set words were found to be lower than thaose
for control words. Thresholds for homgphones of
the set words were not different from those of the control
words. Neldsser concludes that as homophones are
reproduced by identical responses, the effect of set
could not have been mediated by changes in response
frequency. In the experiments of Mathews and
Wertheimer, and of Minard, the bias for or against
responding with emotional words was estimated by the

frequency with which emotional words were given as
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erroneous responses, to blanks or to other words.
Both experiments produced results indicating that

the bias against responding in error with emotional
words was not large encugh to account for the
difference in the recognition of emotional and neutral

words,

The basic weakness of this appreach is that it
ontly tests the no-cue theory, which is clearly
invalid as a general explanation anyway. A part-cue
theory, can easily explain the results of these
experiments, In Neisser's experiment, for instance,
one pair of homophones was 'COLONELY and 'KERNEL!.
The set established by the instructions could increase
the probability of correctly completing the part-cue
TC0Lww—wmt without affecting the manner in which the
part-cue 'KERw-a'! i3 completed. The effect of set
in Neisser's experiment could therefore be explained
as mediated sclely by the supplementary component
without this expianation predicting any changes in
the thresholds for homophones. On the other hand,
the effect could equally well be sxplained as mediated
solely by the stimulus component, and so the ambigulty

remains.

In view of these considerations it can be seen
that the response-characteristics which must be
measured are those to the part-cues the subject uses.
But to determine what part-cues are used is the very
problem with which we began. This difficulty is
increased by the fact that experiments using the

above approach are typically based on some notion of



response probability in the abstract, and display
blanks or haphazardly chosen words to measure it.

Tf the stimuli used to measure response bias were
similar to those for which thresholds were measured,
the part-cues used in both instances would be more
likely to be similar., Even then, however, results

would be suggestive rather than conclusive.

L.3.5 Forced=choice technigques

This is the solution in which perhaps most hope
has been placed. It is developed from the study of
psychophysical methods made by Blackwell (1953),

The proposal made is that as different indicator

responses have different probabilities of emission,
gquite apart from recognition, the problem might be
resolved by using the same indicator responses for
all acts of recognition., The most common procedure

is for the subject to indicate in which of four

4o

quadrants a selected stimulus is located, Experiments

using techniques of this kind to control response
bias are those of Goldstein and Ratleff (1961),
Portnoy, Portnoy, and Salzinger (1964), and Taylor,
Rosenfeldt, and Schulwz (1961). The basic inadequacy
of the method, however, is clearly seen by Taylor,
et al.; their discussion is sufficiently clear and
pertinant to warrant gquotation:

The forced-choice technique would appear
to overcome Goldiamondts methodological
criticisms of the method of limits. In the
present investigation evidence was obtained
that indicated that word frequency is related

to verbal report even when response bias is
controelled,



The survival of the empirical relationship
between perfermance and prior frequency of
usage with still anrother source of extraneous
variance reduced or eliminated may give added
confidence to the perceptual interpretation.
But even in the farced-cheoice slfuation 5 is
still perceiving partial cues and guessing as
to the spatial location of the designated
stimulus, Thus the guestion remains
unanswered as to whether perception is
influenced by frequency of prior usage or
whether fewer partial cues are needed to
identify wore familiar materials,

Whatever the psychophysical method,

partial perception would seem to be inevitable

it complex patterns are to be emploved, The

search for a ‘pure'! measure of perception

would thus appear to be a futile one. The

latter conclusion is hardly novel, (Taylor,

Rosenfeldt ami Schulz, 1961, p.494-495,)

From this discussion it can be seen why attempts
to decide between input processing and supplementation
explanations have not succeeded. The problem is not
primarily one of zresponse probabkilities at all. If a
person's prior experience changes the efficiency with
which he can replace lost or absent information, then
this changed efficiency can affect recognition
performance no matter what the particular indicator
response may be, The difficulty is due., not to the
presence of responsge biases, but to the presence. of
conditional dependencies between the letters of the

words presented. Thatﬁis, to the presence of what

could be called stimulus biases. A person's prior

experience can only affect his ability to replace
tost information if there are biases in the selection
of stimulus words. If the stimuli are selected in

an unbiased fashion, supplementary and stimulus
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components can be separated, independently of whethsr
there are response biases or not. Exeactly how this
can be done will be shown in Chapter 3., First, an
experiment is reported which tests some predictions
of the supplementation explanations reviewed in

Section 1.2,
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CHAPTER 2

EXPERIMENT 1: RECOGNITION THRESHOLDS, REJECTION
THRESHOLDS , AND USAGE FREQUENCY

When a distinction is excessively difficult to
make empirically, the suspicion must arise that it is
an empirically meaningless one generated solely by the
vagaries of language., The distinction between
perceptual and response processes in word recognition
may warrant this suspicion, particularly while stated
in such terms. Later chapters attempt to show that so
unproductive an end to the affair can be avoided. An
indication of how this may be done is provided by the

results of the investigation reported in this chapter.

Input processing and supplementation explanations
differ most in their predictions regarding the
accurrence of the learned word as an incorrect response,
but research has concentrated on the occurrence of
the learned word as a correct response. Both
explanations predict that the subject is more likely
to give a correct response when familiar words are
presented. Where their predictions differ is with
respect to what will happen when other words are
presented, Explanations in terms of supplementation
predict that, in addition to being given more often
correctly, the familiar words will be given more often
incorrectly, when the words presented are similar to
the familiar words. They also predict that although

learning makes ﬁhe‘recognition of the familiar words
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easier, it will make the recognition of similar words
harder, These implications can be clearly seen in the
explanation of Solomon and Postman gquoted in section
1.2,2, 1In contrast, explanations in terms of input

processing carry neither of these implications,

The above considerations indicate the need for a
direct investigation of the effects of prior learning
on recognition when the words presented are not the
learned words but are similar to them., This chapter
reports such an investigation, Bubjects rehearsed
Turkish words, to various frequencies. Rehearsal
freguencies were then related to the recognition
response given to similar words as well as to the

learned words themselves., Rejection thresholds were

measured in addition %o the usual recognition
thresholds. The rejection +threshold is defined as
the longest exposure duration at which the word is

given as an incorrect response to the presentation of

another word, Three predictions were tested:

1. The recognition thresholds for unrehearsed
words increase with the rehearsal freguency
of their competitors. [(Competitors are words
of similar structure to those presented,)
This prediction is made explicitly by Havens
and Foote (19673}, but appears to be an
implication of all currently held

supplementation explenations.

2, The probability that a word will occur as an
incorrect response to similar words increases

with its rehearsal freguency. This is cleaxrly



an implication of all currently held

supplementation explapations,

3. Rejection thresholds, for words occuring as
incorrect responses, increase with the
rehearsal frequencies of those words. Although
rejection thresholds have not been previously
measured, they are clearly relevanz to
theorias in which sase of confirmation and
reaistance to dnfirmation are oclaimed to
depend on a common properity. In the
formulation of Bruner {1951}, which is
supported by Allport {(1955) and also by Blake
and Vanderplaas {1950-1951), this common
vroperty 18 thypotheses streogth'. JIn the
formalation of Solomoen and Postman §1952}§ a8
developed by Havens and Poote (19673}, the
common property is the 'compstitive strength
of responses’. Both formulations imply that
rejection thresholds mirror vecognition
threshoids. It this is the case rejection
threshbolds will bs a sharply negatively

accalerated increaszing funeticon of rehearsal

freguensy.

None of these predictions appear to have been directly
tested by the wuse of experimentally controlled

rehearsal frequency,

The experiment was designed te allow ilonvestlgsation

of two further aspects:

1. The effect of rehearsal frequsncey on the

recognition thresholds for the rehearsed words
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themselves, This was expscted to replicate
the effect found by SBolomon and Postman, and
to provide a basis agsainst which to compare

rejection thresholds.

2. The mumber of presentations intervening
between rejection of the learned competitor
and correct recognition. Theories in terms
of competition predict that, as corrsct
recoegnition depends upon overcoming
competition, it will occur at the same time
as the strongest competing response is rejected
{see, for example, the guctation from Solomen

and Postman, given in Section 1.2.2.).

Z.1 Method

The sxperigent consisted of two phasess; the
rehearsal phase, in which the subject rehearsed words
to selected frequencies; and the measurement phase, 1in
which thresholds were measured. In the rehearsal
phase, Turkish words of seven letters were presented
in a tachistoscope: each word remained on the screen
Tor four seconds, with an intsrval of eight ssconds
between words., During each dnterval the subject spel:
the preceeding word letter by letter, and then
pronounced it as though it were a word in English., I
this series, words recurred at varying frequencies,
such that two words oceurred at each_hf‘gha five
frequencies: 1, 2, 5, 10, 23, These will be called
the rehearssd words., Fourteen other words ocourred

orice each and were not used again. The 100
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presentations so required were givern a random ordean,

with a new randomization for each subject.

After a break of about ten minutes, thresholds
were measured for three groups of words: fhe ten
rehliearsed words; ten matched words not previously seen
by the subject {these were comstructed by changing
two letters of each rehearsed word); and ten control
words not previously seen by the sobject, and having
no particular similarity to the rehearsed or matched
words., The order in which the thresholds for these
30 words were measured was randomizZed except that
exactly half of the rehearssd words secourred before
their corrssponding matched word. A new randowmization

was made for each subject,

At the commencement of the measurement phasse the
subjects were informed that scme of the words they
weare Lo see were words they had previousltly rehearsed,
and that some of them would be words they had never
geen before. Threshold measurswent began with a
display duraticn of 40 milliseconds. This duratiocn
was increased by ten milliseconds steps to 200
milliseconds, and thereafter by steps of 20 and 3
milliseconds. The subject was encoursgsd Lo repart
as much as possible of the word after asach
presentation, and all recognition respeonsges wers fLapsa-
recorded. The seguence was ended after the subject
had given three correct responses in succsssion.

Two recognition threshold measures were recorded: the
duration at which the first correct response ocourred,
and the duration at which the first of thres successive

correct responses occurred. On the cccasions when
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matohed words were presented, the experimenter also
recorded the ocecurrence and nature of any overt
intrusions fyrom the rebsarsed competitor, Overt
intrusions were defined as vecognition responsss
containing either of those letters in the rebearsed
word that had bsen chagged to make the matched word.
Wher they oceurrved, rejection thresholds for the

overt intrusions were recorded,

Ze1.1 The words used.

Over the whole experiment 40 words were used.
O0f thesey, 20 were the Turkish words of sezven letters
nsed by Solomon and Postman {1952). The remaining 20
were obtained by constructing one matehed word for
gach of the initial 20. The construction was
performed by randowmly selecting two of the three middlis
letters and replacing them by other leiters chosen
from the alpbabet randomly, except for the restriction
that the word remain proncunceable. This procedure was
based on the reguiremsnt that the matched words should,
at short durations, provide the sams part-gues as ars
uaed in recognition of the learned words thamselves,
As it ds s long established fact that letters ar the
ends of briefly displayed words are recognised bstrer
than those in fhe middle (Woodworth, 1938), it appears
that the regquirement can be meft by leaving the ouiside
iletrers the sawe and changing those in the middle.
The words wers typed in capicals onto cards by an IBM
gleciric typewriter, Noneg of the subliscis bhad met
any of the werds prior to the experdment, ALl the

words used are shown in Appendix 1.



Z2.1.2 Design

The main tasks of the design were to allow sach
subjeact to be tested wunder each treatment combination,
and to separate the sxperimental effects of freguency
and competition from differences due to the words
themselves, FPrequency and word effects werse sepavated
by a 3 x 5, subjects x frequency, latin square design,
Each word therefore occurred exactly once at every
frequency. This design was repeated four times to
allow separation of compstition and word sffectis.

Foar groups of subjects were required., FEach word
occurred for one group of subjects as a core word, for
another as a matched word, for another as a control
ward, and for the last, not at all. Exactly how this
was done is shown in Table 1 {Table and Figure numbers

begin at 1 within each chapter).

TABLE 1 THE DISTRIBUTION OF WORD SETS
AGROSE THE PFOUR GROUPS OF SUBRTECTS

s s g

GROUP
A B G D
-
REHEARSED 1 1t 2 21
MATCHED it 1 27 =z
SONTROL 2 at i i?

The words in each set are listed in Appendix 1.



2.1.3 Zubjiscts

The design reguired 20 subjscts, These were the
first 20 undsrgraduates attending first vear pavchology
iectures who volunteered to act as pald subjecis.

Their ages ranged from 17 to 2% yearsy; 12 were Temals,

eight were male. Each subject was ftested iopdividually.

2.1.4 Apparatus

A 3 -~ Chapnel tachistoscope supplied by Takeir and
Caompany Lid, was used. The opticsal arrangement was
rthat to be described in more detaill in Section h.1.

The timer used elecirically driven cams operatiog
wicro-gwiteches., The reliability of the cam votation
gave display durations to within an error of about five
milliseconds. Contact bounce on the micro-switohes
affectively lnoresased this error o a value of

approximately ten milliseconds.,

Pre-stimiins and post-stimuius fields were of
sgual brightness, and sligbhtly brighter than rhe
stimzlus field. They showed a blank white card with
a lLightly drawn fixation point located over the centre

of the word.

2.2 Results

Recognivioen thresholds measured by the duration
at which the first of three successive correct
dodgements occcurrved, differed very Titile from thoese
measured by the duration a2t which the first correct

Judgement ccouwrved., Once a correct judgement Was given,



the subjsct only rarely reverted to an incorrect
Judgement, Tt 48, therefore; only necessary to
consgider thresholds measured at the [fHrst correct
Judgement, No significant differsnces were assoclated
with the order in which thresholds were measured

(that is, with whether the rehearsed word occorred
before or after its matched word). These thresholds

were therstfore combined in all later analyses.

2.2.,1 RBecognition Thresholds

All the thresshold measurves obrained are given 1in
Tables 1, Z, and 3 of Appendix 1. Thess show tle
thresholds for the rehsarsed, matched and conirol words
raspeotively., Recogaition thresholds aversged over
all 20 subjects, for the rehearsed, matched and control
woards are given in Tables 2 and 3. Threshelds for
the control words are given in both tables as having
a rehbearsal frequency of zero. This 1s alsoe how they
are glven in Figure 1, whers the results are sbown

graphically,

TABLE 2 RECOGN.ITION THRESHOLDS FOR REHEARSED
AND CONTROL WORDS RELATED 10 THEIR
REHEARSAL, FREQUENCY

REHEARSAL FREQUENCY

O 1 2 B 148 25

THRESHOLD
IN 314 270 178 LhéE Lhh 128

MILLISECS,
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TABLE 3 BECOGNITION THHRESHOLDS FOR UNREHEARSED
WORDS AS RELATED TO THE REHEARSAT
FREQUENCY OF THEIR COMPETITORS

REHEARSAIL FREQUENCY

0 1 2 5 10 @b
THRESHOLD
IN 314 298 271 311 2hy 243
MILLISECS

The effect of rehearsal freguency on thresholds
for the core words is large, and closely replicates
that found by Solomon and Postman (1932). As such it
is simply another demonstration of the size and
reliability of the phenomenon to be explained., An
analysis of wariance performed on the thresholds for
the core words showed both the freguency and subject
effects to be highly significant., The interaction
ferm was insignificant. As a reswult of the latin-
square design, this term includes variance dae to
subjects x freguency dnteraction, and variance due to
word differences. The implication is, therefore, that
both variances are small. It can be sesn that the
relation betwean thresholds and rehearsal frequency
i8 not a logarithmic function, as is sometimes claimed,

but is more sharply negatively accelerated.

The predicted increase in thresholds for the
matched words, as compared with the control words,
plainly did noet occur, Instead, thresholds wers

lowered by the rehearsal of a competitor. The
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significance of this effect was tested by an analysis
of variance comparing control word thresholds with
matcehed word thresholds combined over all frequencies
from 1 to 25, A log transformation of the

threshold scores was needed fo reduce helterogensity
of variance. The results of this analysis are given

in Table 4,

TABLE k. ANALYSTS OF VARTANCE OF CONTROL AND
MATCHED WORD RECOGNITION THRESHOLDS

Source of Sum of Degrees of Mean

Variation Squares Fresdom sSquare P P
Subjects 180,414 19 G, 4094 235 %;Ol
Competitor

Rehearsal I, 829 1 h,829  11.9 <§,91

Subjects x

Rehearsal 16,085 19 &G4 2,2 {.01
Error 145,399 360 4ok
Total 347,561 399

The cowmpetitor rehearsal effect is clearly significant,
The estimate of error variancs, provided by this
analysis, was used in € - tests comparing the control
word thresholds with wmatchedeword thresholds at esach
of the rehearsal frequencies sepavately., These tests
gave values of t having the following probabilities:
<9Q§ at frequencies } and 2, >¢3 at frequency 5, =and
<.0l at frequencies 10 and 25, This suggests that the

positive transfer from competitor rehearsal may be



reduced ab intermediate rehearsal frequencies,. The
significant interaction term suggests the possibilivy
that threshoelds for the matched words may have been
raisecd abkove those of the coptrol words by compstitor

rebearsal for at least some subjects,

ZeZea Dvert Intrusions and Reiection Thresholds

The number of pceasions on which the whole of the
rehearsed word was gilven as & response to its
matched word, were rare. Overt dntrusions wars
therefore taken to have occcurred when the subiect
incorrectly named at least one of the three middle
letters of the displayed word as one of the letters
ocourring in its rehearsed competditor and not in
ittself, Rejection thresholds were measursd fovr
dintrusions so detined. All the rejection thresholds
ohtained are given dn Table 4, Appendix 1., In this
table a blank indicates that no overt intrusion
occeupraed. The associsted thresholds Yor corrvect
vecognition [ellowing rejesction are alsoe given in rhis
table. The total nuwpbers of intrusions summed over
all subjecits are given in Table 5. As there are two
worsds at each freguency, Por sach of 20 sublscrs, the
maximun number of intrasions possible is 40, Table 5
also gives the rejeciion thresholds on intrugion
averaged over all subiects, and these results ars

presented graphically in Pigare 2.
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TABLE 5: TOTAL NUMBER OF OVERT INTRUSTONS AND MEAN
REJECTION THRESHCOLDS

REHEARSAL FREQUENCY OF INTRUDING WORD
1 2 5 10 25
NUMBER OF
OVERT
INTRUSTONS 17 21 22 20 24
(Max = 40)
MEAN REJECTION
THRESHOLD IN 172 195 202 138 180
MILLISECS

A ¢hi-~sguare test of the differences in the nuwmber of
overt intrusions at each fregquency shows that the
differences do not approach significance {}f #

= 1.5, degrees of freedom = 4, P».8), This is not the
result expected on the view that ao increase in
rehearsal frequency leads To an dncrease dn guessing
frequency. (The agvert intrusiocn rate was close to
50 per cent, and of these less than 20 per cent were

of the whole word)

It is difficult to tvest efficiently the significapce
of the differences in wean rejection thresholids. This
is because rejection thresholds can be measured oniy
when overt intrusions occur, and they often did not.
Bignificance tests are not necessary, however, as the
prediction that rejection thresholds increase with
rehearsal frequency is clearly not supported. Any
significant differences that there are will include

the decrease in rejection thresholds with the increase



in rehearsal frequency from 5 to 10, Frowm a
comparison of the results given in Tables 2 and 5 it
can be seen that a rehearsed response is rejected as
incorrect at duratiors that are just as short as those
at which it dis first given correctiy. This would be
difficalt to explain if correct recognition of
rehearsed words at these short durations occcurred only
ag a guess., The difficulty is further increased by
the fact that once a subject has given a correct

response; he rarely reverts toc an incerrecit one,

2.2:.3 The depsndence of reccgnition on dntrusion and
rejection

The recognition thresholds for the matchesd words
werae divided according to whether overt intrusion
ococurred or not. For these {two sets of thresholds
means #t each competitor rehegarsal freguency were
calculated and are given in Table &, znd shown in

Figure 2,

TABLE 6 BECOGNITION THRESHOLDS, IN MILLISECONDS,
OF THE MATCHED WORDS, WITH AND WITHOUT
INTRUSION

COMPETITOR REHEARSAL FREQUEN(Y

1 2 5 10 25
WITH
INTRUSTON 340 267 314 225 280
WITHOUT
INTRUSION 266 284 308 264 187
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As indicated by t - tests, the differences in
threshold are not significant at any frequency, tor

over all frequencies combined.

The interval between vejection and resoognition,
averaged over all subjects and all frequencies, was
107 milliseconds, or about five presentations. There
was no indication that the size of this interval
varied with rehearsal frequency. This finding weakens
theeries of recognition in terms of competition as
they dmply that there should be no interval betweesn

rejection and recognition.

2.2.4  Swomarv of Results

The recognition thresholds for nonsense words
were found to decrease with rehearsal in the uasual
manner. The recogniticn thresholds for unrehearsed
nonsense words ware affected by the rehearsal of
similar words, bul the thresholds were decreased, not
increased. There was some evidence that this positive
transfer was less with lntermediste rehearsal
Tregquencies, The probability of 8 rehesarssd word
ooourring as an incorrect response to a similar werd did
not increase with rehearsal fregquency, and neivher did
rejection threshelids. The ocourrence of an overh
intrusien did not affect the threshold of subseguent
recognition, Hetwesn rejection and recognition there
was a relatively large interval of about 100 millissconds,

or Tive presentations,

2.% Biscussion

This discussion is concerned with three things:
the doubt these results throw on current explanstions

of the elfect of prior experience on recognition: ths



failure of the ezperiment to decide hetween
supplementation and input explanations in gensraly
and the evidence, in the results, of discriminative

prrocesses,

The predictions devived from explanaiions ol the
type proposed by Solomon and Postman {1932}, were not
supperted. These anthors might argue that the first
prediction {that rehearsal of a competvitor rvaises the
recognition thresholds) is intended to apply only when
the displayed word has itself been rehearsed. Such a
restriction could be cleimed on the grounds that
competition only affects supplementation, and that
unrehearsed words have no supplementation to be
interfered with by competition., This modified view,
hewever, predicts that competitor rehearsal will not
affect recognition thresbolds for unrehearsed words.
In fact, the th&eshoi&s for matched words were
dowered by ocompetitor Tehearsal. Such a result cannotd
be accounted for b? arny of the currently held
supplementation theories, [oubt is also thrown oo
these theories by the fallure of overt intrusions and
rejection thresholds to increase with rehearsal

fragquency,

Although experiment 1L shows weaknesges in current
explanations, it 18 inconclusive, It does pot
differentiate between input processing and
supplementation explanations in general because 1t 18
81ill possible to sxplain the results of experiment 1,
while claiming that rehearsal does not alter the part-

cuss the subjsect uses., This can be doue by pointing



gut that the middle letters may be among the part-oues
extracted from the display, and not in the section the
subject supplies himself, Although middle letters may
net normally be amongst parf-scues ar short durations,
they could have been in experiment 1 if subjects
realized that middle letters were being chaneged. (Ope
subject did indeed report such a realization.) The
predictions were all tested on the basis of the
assumption that the supplewentary component includes
the middle letters. If this assumption is false then
ths results do not provide a general disconfirmation of
supplementation explanations. Thuas the pressnt
sxperiment fails to sclve what is commonly known as
the problem of response bias, because it is based on =z
priori assumptions regarvding which letters serve as

part-cue,

Many aspects of the present results suggest the
occurrence of discriminative processes. In other
words, they suggest that subjects wers art times
processing the input in rerms ol ths gquestion 'ls it
X?', rather than in terms of the guestion, ‘Whar is
it?t'. Three main aspects will be mentiaened. Firstly,
five presentations intervened, on averags, bheiween
rejection of a rehearsed competitor and correct
recognition of the matched word., This indicates that
the subjects were able to determine that the dispiayved
word was not the rehearsed word far sooner than they
could determine whar word it was. Sscondly, nearly all
the overt intrusions were of one of the two changed

letters only. I+t is probably safe to assume fthat in



most of these cases the subject knew what the other
letter of the rehearsed word was, If this is so, it
i8 possible that he did not give it becanse he knew it
was the wrong letter, sven though he was often unable
to say which was the right letter. Lastly, the
thresholds for the maiched words were affected by
rehearsal. of the competing rebearsed words, but they
were independent of overt intrusions from fhs rehsarsed
words. The implication of this is that the rehearssd
word may affect reccgnition on trials where 1t does
not occur itgelf as a recognition vresponse. This
wonld be expectsd if the input were processed in such
a way as to show that the displaved word was similar

to, but different {rom, the rehearsed word.

Word discrimination, i1 1t does ocour, could
explain the effect of prior experisnce on reaction
time, reading efficiency, and on the span of
apprebension, in addition to explaining the effeocts
Tound in experiment 1. To offer an explanation in
terms of word discrimination however, is Lo offer an
account of how input processing way change, before it
has been shown that it does change. Expevimental
avidence that fails to demonstrate that & change in
input processing occurs, as the evidence of experiment
1 does, cannot possibly show what forw the change takes.
The next chaptsr, thersiore, returns s the problem of

separating the stimulus and supplementary componenis.
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CHAPTER 7

SOME POINTS CONCERNING WORD RECOGNITION
AND WORD RECOGNITION EXPERIMENTS

This chapter attempts +o make two things more
explicit: +the questions being asked, and the conditions
for an answer., The first requires consideration of the
background notions concerning the way in which people
process information in word recognition tasks, and these
notions are discussed in Section 3.1. The remainder of
the chapter is concerned with the methodological problems
involved in answering these questions., Section 3.2
points out the inadeguacy of traditional scoring
procedures and the need for an explicit analysis of the
word recognition situation., Section 3.3 provides some
relevant terminology, and Section 3.4 offers an analysis
of word identification experiments., Section 3.3
describes the technigue of word discrimination and random
changes, offers an analysis of word discrimination
experiments, and shows how this technique provides an
unkiased measurs of the mumber of letters in the stimiius

component.,
In this chapter, and in the following experimentis,

word recognition is analysed in terms of the subject's

performance on each trial, where a trial is a single

presentation and the subjisct!'s report of it. There ars
three main reasons for this, First, such performance 1s

most amenable to analysis. BSecond, such performance,



)
Fi]

being relatively simple, is & compopent of many other
activities « incloding vecognition threshold perfoermanse.
Any Findings regarding it will therefore have a mors
general sigonificance than {findipgs regerding performancs
that is more elaborate. Third, 1if the performance
gtudied is simpls there is & greater chancs that the

provesses making it can somebow be teassd apart.

3.1 An selementary analvsis of the processses iovolved
in word recognition

Consider the situstian in which a person reproduces
some aspaect or aspscts of a brief visual display. From ooy
everyday knewledge of peopls’s performance ail such tasks
it ¢an be seen that the transmission of information Lrom
the display and into the report must invelve the

following svsrtems:

1. Visual receptor systewms,

2, Storage systems, in which the inrformatios
received from the display is stored for
dirations longer than is pogsible in the
receptor systems.

3. Read-cut systems, which fransfer infaormation
Trom the recepior o the stoeraze systems,

4. Retrieval systems, whereby the stored
information i3 used to control repoxi,

5. Supplemsntation systems, bhrouagh which
information othexr than that transmitvted
from the display is added to the report -
and which may be in pari coptrolled by
whatever dnformwation ie trapsmltted from

the display into the report,
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The division of the seguence of events suggested can be
more clearly seen in the block diagram of Figure 1. In
this diagram arrows are used to represent those processes
that are of a relatively transitory nature, and which
serve predominantly to transfer information between
states that are more stable, It is not proposed that
any of the systems mentioned are simple or unitary; each
will be a complex system in itself. It is proposed,
however, that the distinctions drawn are crucial ones
which camnot be ignored. It is also proposed that the
basic task of research is to further analyze the
component systems, and that behavioural phenomena are
relevant te this analysis, but only when it can be
determined in which system or group of systems they

arise.

It is heceﬁsary to begin by examining more closely
the nature of the systems distinguished, and the

following paragraphs consider each in turn,

4

The visual receptor systems are defined as those

whose state continually depends upon the pattern of

light falling on the retinge. In other words, the

informaticn in these systems is information regarding
present stinmulation, Anatomically, they involve at
least the retinae, the optic nerve, area 17 and probably

area 18 of the striate cortex.

It is because the receptor systems are continually
dependent on retinal input that storage systems must be
invelved in the transmission of information from
presentation to reproduction in word recognition

experiments. The reproduction usually oeccurs some



seconds after the display has been removed, snd 1t can
bae delayved Tor 30 seconds without performance Loss
(Speriiﬁg i?éﬁ}. During rhis time the states of the
receptor systems follow whatever new displays ocounr, and
cannet therefore remain in the state dinto which they
were put by the present word. The necessgity of the
distinetion beiween receptor and storage systems has
sften been pointed out - Freud {1900}, far exampie;
presents the argument clearliy. Hut it is ioteresting
tao note that the distinction has slso frequently besn
denied (Gomulicki 1953). Bain, for instance, denies
that, *the impressions of sense.,.lie stored up in a
chamber quite apart from the recipient apparatus, Lo be
manifested again when the occasion calls.' He goss on
to suggest that dnstead, 'The renewed feeling oscoupiss
the very seme parts, and in the very sams manner, &8s
the original feeling, and no other parts, nor in any
other assignable manner.' {Bain 1855, ppﬁjﬁﬁmﬁﬁﬁ)e

The grounds on which such ﬁeﬂialé sesm o be made are
that the retained event has the same effects as the
sriginal event, and that retention of an event muast
involve repetiition of that svent. Neither of thess
arguments is very cenvincing. ¥What Bain fails to
notice is that 1if the original feeling is to be venewed

it st somehow be maintained in the mesaptime.

The processes fransfering information Ifrom
recaption to s$torage will be called 'read-sut?! processes
in accordance with the usage of Averbach and Coriell
(1961), and of Sperkting {1963). This term is used

because Lt indicates what the processes do, while
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carrying few confusing connotations as to how they do
it, Nevertheless, the didea of 'read-out! differs little
from the long established ides of 'attentiont. Attention
was well described, for instance, by Stewari in 1802 as
a fact of common knowledge:
For my own part, I am inclined to suppose,
{though I would by no means be understood to
speak with confidence) that it is essential to
memory that the perception or ides that we
would wish to remember, should remzain in the
mind for a certain space of time, and should bs
contemplated by it exclusively of every thing
else; and that attention consists partly {perhaps
entirely) in the affort of the mind to detain
the idea or the perception snd to exclude the
other objects that solicit its notice.
Notwithstanding, however, the difficulty of
ascertaining in what this act of mind consists,
avery person must be satisfied of its reality
from his own consciousness: and of jts sssential
connexion with the power of memory. (Stewart,
1802, p.108),

In this statement Stewart even dmplies, as do the mudern
writers, that the process is sequential and cannct handlae

more than one 'perception! or 'idea' at a bime.

Recent word has brought to light much important
svidence regarvding the stages of filtering, capacity
limits, and principles of selection, involved io
attention {(Treisman 1964). From many experiments it is
clear that read-out is highly selective, and is
controlled by a wide variety of influences., The basic
properties of read-out processes, however, are still
far from clear. In this thesis, concern is limited to
the read-out processes dealing with briefly presented
words, and partvicularly with those aspects of read-out

which may be modified by word familiarity,



In tachistoscopic studies of word vrecognition, 1t
is generally assumed that the retrieval and use of
stored information are of lititls or no concern, This is
presumably because both the amount of materizl and the
storage tiwme are, typically, so small that although
retrieval and use are little undersiood we oan be
reasonably sure that they are opsratbting st near periect
efficiency. Evidence on this matiter could be gainsd by
asking for two reproductions, one some iittie while
after the first. If no increase in accouracy gconrred on
the secomd repreduction, the assumption of near perfect

retrieval on the first reproduction weirld be strengthened.

The supplementary systems aye all these which add
information to ihat provided by the digplayv. Often they
will serve to maks up for informartion lnst during input
processing. The ovntline offered sa far may give the
impression that supplementation occurs only very late
in the seguence of events. This is not intended;
supplementation most probably ocours at all stages.
Supplementation is not distinguished by the time at
which it cocurs, but by the fact that 1t supplies
information which does net come from the stimalus.

Thue in the block disgram given in Figure !, rpead-sni
storage and retrieval, mwean read-out, storage, and

retrieval of information from the display,

The gquestion with which this research 13

concerned Can now be stated ag, 'In which of the above

d

)

systems does the effect of prioy experisncs on w

recognition arise?' If this guestion is to he answersd
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" the first step must be to separate those effects arising
in the systems producing the stimulias cowponent from
these arising in the systems producing the supplementary
component. The remainder of the present c¢hapter

attempts to show how this can be done.

3.2 Scores of word recognition

The basic data of word recognition sxpsriments are
scores relating to the degree of accurscy with which
the subject reprsduces the letter segquence presented to
him. These are the scores which Goldiamond {1958)
calls accouracy scores. But if we are studying the
reception and transmission of stimulus information,
these are not the scores we want. On most cocasions,
the accuracy of reproduction will be in part due to the
reception and transmission of stimulus information, and
“din part due to efficient supplementation. To obtain the
score that is reguired we must correct the accuracy
gcore for that amount which is due to supplementation.
When we are concerned witﬂAfhe reproduction of <complax
stimulus patterns, and when in addition some or all of
these are familiar to the subject, it is very difficult
to determine the form these corrections should take, and

no adequate procedures have vet been devised,

The difficulty of devising sultable corrections is
further increased by the exdistence of many different
forms of scoring procedure, all designed according to
principles that are arvbitrary or unstated. Woodworth
clearly recognised and described part of the problem.

Discussing the method of retaining mewbers, he saids
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It is easy to score, if we are satisfied with a

simple count of the correctly reproduced items.

When two 0's reproduce correctly the same number

of items, but one 0 gives the correct order and

the other not, the first { clearly shows the
greater memory of the presented list:; but as soon
as we try to devise a scoring system which shall
allow partial credits, we find any system

arbitrary. (Woodworth, 1938, p.8).

Seoring systems remain arbitrary, and are in addition
often Far from simple. The following is a typical
example:

The recall score was obtained as follows:

each correct letter in the response was given

one point, Letters were scored as covrect if

the correct letter was in the correct position.

Double and triple reversals were given one point

each, In addition, a single omission or

intrusion was discounted from the array in

marking the rest of the letters, but one peint

was subtracted each time this was done. A leiter

wag considered an omission or intrusion if, after

correcting for its position, the response resumed
correctly for twe or more consecutive letters.

Thus if the stimulus was RPITCQET and the response

was RPTCOETC the score was 6-1 or 5 letters,

(Pylyshyn, 1965, p.284),

As long as theoretical concern is limited to a
consideration of whether particular variables do or do
not affect reproduction accuracy, such scoring procedures
are adequate. But when an satbtempt is made to discover
how these variables affect accuracy, the procedures are
plainly inadequate, because such accuracy scores combine,
in unknown proportions, the accuraecy resulting from the
stimulus and supplementary components. While the bhasilc
data remain so equivocal, no amount of theoretical

Juggling can remove the ambiguity in experimental results,
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The development of adeguate correction procedures
is possible only if the relations between the data that
we can collect and the data that we need, are analyzed
explicitly and in detail. This, the remainder of the

present chapter attempts to do.

3.3 The elements of analvsis

The analysis can be made in terms of two primitive
e¢lements, from which are obtained three important, but
derivative, components. The primitive elements are

'letters' and '‘operations': where the operations are any

defined procedures for selecting and grouping letters.
The derivative components are 'alphabetst, '"terms', and

fdictionaries?., The meanings of these words are

similar to their common meanings, the main difference
being that here they are more general. An 'alphsabet' for
instance, 1is any defined set of letters, mot just those
sets coccourring in natural languages. They could therefore
contain any number of letters from mero to infinity.

If these words are intended in their normal, more
restricted sense, confusion will he avoided by use of
phrases such as !'the English dictionary'!, and !'the

English alphabet!,

The only property of letters required by the
analysis is mutual exclusiveness., That is, if anvthing
is a letter, then it is one particular letter and not
any other. The analvsis is not itself ceoncerned with
deciding letter ddentity. It can only be applisd to
situations where it has already been decided what things

are letters, and what letters they are.
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An alphabet is any exhaustive sei of letvers, It
determines the number and identity of different letters
avalilable for the construction of terms; and thearefore
alsoe the maximum numbzyr of different terms of any gZiven
gize. A term is any selection of isttsrs, wsually, but
noet necessarily, in a particular order. Both ordered,
and non - ordered terms may contain repetitions of
letters. Finally, dictionaries are sets of terms.

They are not ordered, and do noit contain repetitliocns,
{Alphabets could be called dictionaries of all possibie
single letter trerms, but as a case of particular

significance they merit their own title.}

Operations are, therefore, any defined procedures
whereby alphabets, terms, or dictionaries arve formed
either from letters, or from othe— alphabeis, terms, or
dictionaries. The variety of different operations which
are possible 18 unlimited. An exampls that shows the
form such operdations can take is, !select Trom
dictionary I any term that has no letters in common
with term B.!' Any defined system of letters, alphabetis,
terms, dictionaries, and operations is called a
formative system, An infinite variety of formative
systems 4s clearly possible, ranging from those with a
single alphabet and a single operation; to those with
many alphabets, terms, dictionaries, and cperations,
The formative system of word identification experiments
is just one of these, and 4t is with this one that the

naext section is concerned,
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3. An analvsis of word identification experiments

Gel.1 The formative svyvstem

The focal point of word ildentifdication experiments
is the subjeci's re@reduéfmani which dis & seguence of
Jetters formed from the letters and words available to
the experimenter and from the letters and words available
to rthe subject. By describing the expscimental situation
as a formative system it is possible to show clearly the
major steps involved in the formation of this reproduction.
Once this is done the formal properiies of the system
can be determined. This will show whether ths
separation of stimulus and supplementary compongnts 1s
possible, and if so how it must bhe performed., It is
essential to the purgess of the analvsis that it dlevolve
noe anlikely assumptions regarding word recognition and
word recognition expeariments. The experimental situation
must therefore be analysed only into steps of whose

existence and dinterrslation there is litvrle doubt.

The formative system proposed is outiined in the
diagram of Figure 2., For all terms, except terms Z and
tx, the suffizx J in the svmbol Ki.j indicates that the
gsymhol stands for the J th letter in the i th term K,
For the terms 2 and G the suffix indicates the position
that the letter occupies in term R, For szample, Z, .]
shtands for that letter in the I th tzrm £ which when
bransferred to term R cccoupies the i th position. The
reasors for desoribing word identification experiments a8
a formative system of this particulay kind will first bs
given briefly, and then varicus poinits will he discussed

in more detail.
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Term X is the term which is selected from some set
of terms called dictionary 1, and presented to the
subject. The rules governing the selection of term X
are called operafiion 1. Alphabet 1 i1s ths set of
letters from which dictionary } is forwed, and the rules
asccording to which this dis done are called operation b,
Term G is the supplemsntary component of reprodactions
it is formsd by operation 5 from dicticnary 2.
Dictionary 2 is the whols set of ferms which are
available to supplewent term Z, The procedures by
which it is constructed are called operation 2. Finally,
term R i8 the reproduction, which is formsd by simply
adding together terms Z2 and G. The score vesulting from
the experiment is alwayvs some unction defined on terms

X and R.

Varicus points requirs further elaboration:

1. In the formative systen given here dictionavies
1 apd % are constructed from the same alpbabet,
This corresponds Lo experiments in which
experimenter and subject can be roascenably
described =8 agreeing upon an alphabet, This
will moat often be ths cass, but it 18 possihble
to imagine situations where it is noht., For
many of the latter situations, however, the
results derived frowm the present analvysis will
still be valid. This will he so, providing
only that the subjectis alphabet 18 a sub-set
of Tthe experimentsris alphabet,

The contents of the dietienaries will be most

i

easily specified, sometimes in terms ol the



operations by which they are forwmed, and
sometimes by explicit denotation.

In some sexperiments the contents of dictlionary
1 are known, but in msny ihﬁy'are not. In
experiments uvsing English words, for instance,
the set of words from which the words presented
are chossn 415 often noet definitely known, sither
to the experimenter or to the subject.
Nevertheless, no great Jifficalty exists here
for the experimenter is always able to chooss
dictionaries that he can specifly whenever he
needs to,.

The case is similar with respsct to dicrionary
2., If the subject ds dnstructed to wuse only
English words, the contasnts of dictionary 2
cannot be exactly specified. 1IF, oo the othern
hand he dis instructed to use a particular set
of words, then thers is a better chance that
the contents of Jdictiocnary 2 can be specified.
In cases where the subject is unable to obey ths
instructions an adeguate description of the
experimental sltuatlon might not be given by a2
Tormative systam of the Lype proposed but by
some other formative system, In many
experiments this dififHculty will not arise,
however, as it will be & simple watter Tar the
subject to act in the idnstrucved fashion and
produce only the terws specified as term B, In
any case, mest of the difficultiss associated

with specifyving the contents of dictionary 2 can



be avoeided, It will be shown in ths pext
section that the propertiss with which we are
most concerned can be determined without thsa

nEe mf:&ay dé@aiiéd assumpiions regarding the
contents of dictionary 2,

The rules governing selscbion of terms fropm
dictionary 1, for presentation, are of great
importance. If terms are selected in some
crderly fashion, it 1s possible that this

order counld be used to select terms frowm
dictionary 2 so that term R is slways accurate
but independent of term Z, Tt is relatively
common to avodid this difficulrty by randomly
selecting the terms for presentation.
Accordingly, only that casge will be studied in
which operation 3 is defined as the rantdom
selaction of terms from dictionary 1., An
important distvinction 15 that between selsciion
with replacement and selection withour
replacement., Randow selection without
replacement is by far the most common procadurs,
buut it has the defect that it dnvelves a
continual decrease in ths giese of dictionary l.o
This continual decrease might be used o A
inoresase the efficiency of supplementatlion;
particularly when the number of terms in
dictionary 1L 1% relatively small acd the subisct

knows what terms these are. Random selsoction

with replacement is easily achisved experimentally,

greatly simplifies the anaivsis, and does not
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require the dobioous assunpition that subiects

are undable to use the knowledpe of which words
have already been presented 1o increase
efficiency. It is therefors the procedure
axanined in the present chaprer, and used in all
later experiments.

Operation 4 is defined as the selecticn of none,
sgome, or all of the letters of terw X fc¢ form
term Z., Bvery letter in term Z can thersfove

be paired with 3 letter in term X. Opsration

4 corresponds to the sum of those svents that
were divided in ssction 3.1 into the phases of
reception, read-out, storage, and use., Term 2
is that group of letters, which is transmitted
through a2il of these phases. The properties of
the formative svystewm will greatly depsrnd on
whether or not operation 4 maintains the letiers
of term Z din their correct positicon. Three
differsnt ceses will be stadisd: ordered
transfer, in which zid i= X, 3 for all | in Z:
non-ordered transter, in which the pesition of
letters in term £ is independent of their
position in term X; and mixed transfer, in which
some latiers are transferred as in ordered
transfar, and goms as in opon-ordered transfer.
Operaticen 5 is defined as the sslection of
letters from dictionary 2 sccording to any rules
whatsoaver, providing they are tndspendent of all
ietters din term X that fail to be transferred

into term Z. In the diagrammatic outline, the
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arrow from term £ to opesration 5, indicates
that the rules of cperaftion 5 can include

the use of fterm Z, not that they must.,

8. Operation & is defined as the summatlon of
terms Z and & teo form term R according ta
the ruis Zi”j = Bi“j for all § in fterm Z and
Gick w Riok for 21l k in term 4. It is cleay
from the definition of operation € just given
that thexe carmnot be both a letter Zigj and
a lettar Gg;jg for if there were two different

lettars Rigj wounld result.

3.4.2 Definition of symbols

L.t the numher of:

letters in alphabet 1

i
i

1
(=

terms in dictionery 1

terms in dictionary 2 = 4

ey
selections wade by operatiocn 3 = N
letters in term Xi = X
letters in term Zi =z,
letters in fterm &i = By
letters in term Rl =

Alsa letq

i

the permutation score Sp and

the combinatisn scors = Sc

The permutation score, Spg pe OB terms B and ¢ say. 1is
defined as the number of letters iua the two terms which

are identical and in the same position. The combination
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BCOLE, on two bterms B avd €, is defined as the

Seg o
number of letters in term B which can be paired with
a letter in term C, Letters can be paired only if
they are identical, and letters in either term can bhe
used for pairing ounly owee, In the following the
scores om the terms X and R will be written without

sub-scripts, that is, simply as Sp and Sc.

In many experimental situations the wvaluss of the
variables 2, g, Sp. and Sc will vary from trial to
trial. In these cases the values of the variables
will be best described by their probability
distrivutions and by their expected values. {The
expected value of a wvariable, x, that takes only

&L
discrete values, is defined as E

L f{x.).x., whers
1x=0d * e

.4, BSame hasic relations

The task of separating the stlomilus and
supplementary compaeansnts of reprodurtion can now be
restated, It is the task of determining the relations
between E(z), E(g), and either E{Sp}, or E(Sc), or
both, where these four values are the expected values
of 2, £, 8p, and Sc respectively., CTonditions must
then be found under which E{z] can be calculated from
tnly those other variables of the system whoss valuss

are known or can he determined.
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Te simplify the analysis only those cases will

e considered where

%, x for all i

i

i

and ., = %, = x for all 1.
i 4

That is, whevre all terms in dictionary 1L and hence
avery Tterm X are of the same size, and where the
subject’s veproduction is also of this size. Both

of’ these conditions are easy to meet experimentally.

The first problem is to determine E(Sp) - i.e.

the expected value of Sp.
f'rom the definition of operation &

Sp

#

Spy.z v SPx g

.« E(Sp) = E{prﬁz) + E{&px)QQ {1)

The valus of G{prgz) will depend upon the nature of
the transfer. If the transfer ds ordered this wvalue
will be E{2z), if the transfer is non-ordered it will
be a relatively simple functien of E(z). E& ig worth
noting that 1f the iransfer is non-~ordared then
E{Sexiz) = E(z}§

To determine the wvalus of E(SngG}g consider any
pair of letiers Gi,j and Xiojj when term & is a
speclflc term Zh and term X is a specific term Xia
The probability that the two Jletters axe the same,
is given by n

P I{X. . d=k). (G, .i=k)
ﬁ""“i N L

beeid



That is, the prebability thakb Xiuj ard Qiad hoth egasl,
some particular letter k, summed over all o different

ltetters in the alphabet,

The probabilities may be different For different
Lerms Zh? and in actual situations they neariy always
will be. The maximom namber of different terms Zh
possible is Q(Xmi), as each jetter in term X, sxcept
for Xiaj, may or mayv naet be in term Z. The probability
that the two lstifers are jidentical must he sveraged
over all these different terms £, and masi therefors

be stated as

XL
d}:

I
- PZz=Z 1. P, .j=k). (G, .i=k} Z,_]
1?2;} kzg:; R [,1 i n

when teprm X eqguals Xi’

i

will be this value summed over all g letters in term

Kow the average value of SpX
" ¥

&, that is

£ ?Twi 1, . o
Spy = ¥ 2 S oplz =2 JP{AX, camk). {6 La=k)[Z ]
£.G 3=1 h=}]l k=2l 277 heT b i i 1

Finally, this value may very well differ trom one term
in dictiomary 1 to another, so thaf E{prg&} mast be
gxpressed as the average wvalue of this expression over
ell dL terms, 1
p 4 & 270
SPX’G}ﬁ gl iml gmi i:l iﬁipizimzhjpigxi“j:k}“éai°§ﬁk}Ezhﬁ L2}
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A similar sxpression can be derived for the value of

E(SCX;G)“

Equations 1 and 2 are qaité general, and state the
basic relations in the relstively simple type of word
recoguition experiment we are here considering. They
state explicitly the problems that must be solved by
any experiment endeavouring to separate the stimulus
and supplementary components of werd recognition
performance, To achieve this separation the wvalue of
E(prgﬂ) must be determined, and eguation 2 shows
that this is dmpossible if the distributions of the
Zhs

traditional experiments on word recognition (and in

Xi’j’ and Gi’j are unknown. In neariy all

all that use words chosen from an existing language)
all three distributions are unknown, and so division
of the accuracy scores obtained in these experiments
into stimulus and supplemsntayry components is
impossible, Thus the above cousiderations provide

a general proof of the conclusion arrived at in
Section 1,73, wheve particular experimental designs

were examined in detail.

The most difficuli problem, as can bes seen from
equation Z, is that the walue of S?X,G depends on the
exact contents of term Z. In other words, the amount
of accuracy dus to guessing usually depewis on exactly
what information from the stimulus is used. In most
actual situations this would indeed he the case,
Therefore a corrvection for guessing is only possible

if we already know what information from the stimulus
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iz used, But it is because we do not know this that

we need the correction.

Fortunately, there are some specific situations
in which it is possible to determine the wvalue of
E(z) without prior knowledge of exactly how the zh
are distributed, One is where the value of E(&pxyg)

is the same for all 24, of any given size, This

h

situation is analyzed in detail in Section 3.4.4,

Another, is where, for all Zh

value of E(pr G) is the same within each of a number
b

and where it is known with what

of any given size, the

of classes of Zh,
probability a Zh is in each of these classes. This

is the situation made use of by the method of random

changes, and is analywed in detail in Section 3.5,

F.4.4 Dictiopnary 1 complete

let x , X ;, X 2420 % be the different sizes of
=Y b o I
terms in a dictionary, The dictionary is called
complete if it contains all the terms of size

x Xyt voee X that it is possible to construct

{:3.’ xb?
from its asscciated alphabet. The case considered

first is that in which dictionary 1 is complete.,

3.4.4.1 Ordered tramsfer

iod

for all i and all j. This corresponds to the case

Ordered transfer ig that in which Zi’j = X

in which all letterszs transferred from the display
to the reproduction maintain their correct position.
First comsider the case where z is constant over all

N repetitions of operation 3.



We begin with eguation 1
E(Sp} = E(Spy ,) + B{Spy )

From the defdinition of aperation 3 feor ordered
transfaer

E(Syxdz} N

To determine E{Spy ) consider a single letter X, .j.
X, i
Becausge all possible terms are 1ln dicilonary 1 and
selection is random, the probability that Xinj is any
i

particnlar letter is o ¢ for all possible tsrms X,

and hence for all possible fterms Z. Thevefore

n‘ i r > A ¢ 7
g § Pgﬁzmzh}P[ (}&,ia .'}f:‘.k,} (‘Gié f=X k,} ;Zh;

This is 3?? no matter how the Qiﬁj arnd 3h axr e
distrituted, because the summations over both h and
k are exbaustive, But this is true for all g letters
in term &, and feor all terms in dictionary 1,

thevefore from equation 2

R{Sp

EE

1,67

LI E(prﬂ(}}

i

Sy e



As T

i

g + T and X = T

g o= X o~ 7
‘ X = Z
] » E{prg G} - = mwi..ﬁwzw

Substituting in equation 1

Bl8p) =2 « =7 2
(Sp) = = - -

nt B{Sp) - x
1 - 1

()

and thus 2=

2 3

ALL values on the R,H.S. of this sxpression are values

that are known or can be determined,

Now consider the case where ¥ is not constant
over the N repetitions of operation 3. Let the
probability that term 2 has z, letters be given the
value af'f(zi)o Then, as hefore,

E(Sp):g(gpxqz)%ﬁispxqg)

But now F(%px Z§ § éfz ) ?1~5(7§
gm o
and, fr&ij;E(SpX o -iwm,ffzi) Ei z%%ﬁ j{zi) Ef:ii{
1 n
X %;f o _ i:{ﬁs
BT :’]r{“&:i,‘:l T n ffﬁ“f{zlj £y
x Eiz]
:i‘{w W'?}-:lsvtﬂt.l
ER E‘“T{Sp) = E{Z) 4= é_:‘i E{zm
n
and. E{z) = n EB{Sp) - x ,
no— 1 {5}
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E{z) can thus be determined independently of whether

or not z varies from trial te trial.

This derivation carries a most important
implication, In the preceding analysis it has been
asswmed that the transfer of letters is an all-or-none
affair. Empirically this may not always be the case;
but even if transfer is not all-or-pnone eguation 3
remains appropriate. Any transfer from term X to
term 2, for instance, that involved parts of letters
rather than whole letters, would be eguivalent to some
probability function F{z), and squation 5 was derived
for all;f{z)a 1t seems resascnable, therefore, to
view E{z) as giving the average number of letters
transferred from term X to term 2 independently of

whether or not the transfer is alleor-none.

3.0.4.2 Non-ordered transfer

In this case z letters are taken from term X to
form term Z but their position in fterm Z is independent
of their position in term X. The problem is to

determine the relation between E(Sc¢) and E{z).

First, consider the case where z is constant.

From the definition of operation & and Sec

Se = 8 4+ S

“X, 2 (X-2),G

&

and . . E{Se¢)= E(SCX?ZJ + E(Sc(xwz)ﬂa)

(X«Z),& and not SGX,G hecause, by

the definition of Sc., letisers are only avallable for

The last term is Sc

pairing once. Each letter from term 4 will pair with



one letter in term X leaving only the remainder of
term X for pairing with verm G, From the definition

of opeération 3

E(Scsz) = &

The problem iz to determine the wvalue of E(SQ{sz)¢&)»
That iz, to determine the average number of letter
pairings that can be made, regardless of position,
between two independently selected terms of g letters,
As in the case of ordered transfer, the terms can be
assumed to be independent because operation 3 is random
selection from a complete dictionary, It might be
axpected that E(§C(sz)?G} would be as easy to
determine as E(prﬂgﬁ) but it appears to be extremely
difficult. The following derivation is the most

simple it has been possible to find,

. Let La . be the number of times that the 7 th

2 .
letter of alphabet 1 occurs in term (X-2),  Let
Lb i e the number of times the j th letter of
?
alphabet 1 ccours in term G, The nunber of palrings

inveolving J th letter of alphabet 1 will bhe whichever

af L., and L, | is the smaller. Call this wvalue L,.
a; 1 b, J
.
. = L,
SC(%-2),G “%%T J

n
d E{& = BE{L
o A { “(x-2),6) %g; ()
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The distribution of the La 3 arxd Lb i is given by:
? . i

gww
- r 1 zz«-?
PL,,:E:PgL L= -}
Hay g = = b 0( (e

As the terms {X+Z) and G are independent, the La

and Lb i are independent, amd their joint
#

distribution is given by

AN g=¥ /g Vo g BV
pl vt e RENNE LR Ly oqa=l
P%La,j”“? and Lb?j_"’j"‘(w>(n} ( n ) - (n) { n )

g /g 'g WY nml)Egmwﬂv

= ) (=)
VAN

Call the R, H.Z, of this eguatzonwftwgvgggn}
. - E(L ) z E I« Flw,v,g,n)
well =0
By summing separately the cases in which w»v, w=v, and
w<y this expression wmay be rewribiten as

W

g & g-1 &
E(L. ”Z } %} ) %> } L3§1W v, g,n) {6}

wizl v=0 w=0 vew ow=0 vawel

But i %% Ljf(w?V*g9ﬂ> Zj;: : Vﬂw ngan} {7)

wml =0 w=1 V=

as in every term v<w, and Lj = whichever is the smaller
of v and w., The third term in the expression on the
R.H.8, of equation 6 is also equal to the R.H,S5., of

7, since



wi(w,v, g, n)

%i iL f(w,vggyn}

w={l vow+]

‘- v}‘(wjng,i’l}
=0 W=Vl

by simply interchanging v and w, which are only

£

el

variables of summation.

Which is most easily evaluated when written as

z;: §::::b f(w,vgg,n) %:% v,b{v,g, )k(v;g; )

wz=0 vews ]

Where: b(v;g;i} is the proebhability that the binomial
variahle %&keé the value v in g trials when the
probability of suceess is i; and k(v;ggﬁj is the
probability that the binomial variable takes a value
greater than r in g trials when the probability of
sucocess is is The walues of fh@se functions for
different valuss of v,g, and o are widely tabulated,
The second term in the expression in the R.H.S5. of
squation 6, can alsc be expressed in terms of the

binomial function.
)

e g T
% Z Ljf’(=w,v9g§3§)3§ =9£b(?§g3”1%)}

VW

Substituting these values in equation 6

g1

B(L,) = %E::v, b(vig,= }k(v g, Ezzf‘b(v,gg 1y12



58

E(QO{XMZ}?G} ol Al w“nj

becauss the value of Lj is ddentical for all the &

letters.

PR E“SC(X=Z)9€§- =21 %M W b\vdggﬁ}kéﬁqug»i»n‘%iﬁv bﬁr;g%}

+ E{Sc

it

. - As E(Sc) = E{8c

and g = X -« =

Ko e 1
E(SG) = ¥ gﬁ_mmwm v, b {?§xmﬁfi}k{v§xmzi£}
e I T
P
r T, .2
+ g " v;h{v;xngzjj (8)
Yo

To check the validity of thiz resuli all possible
outcomes in some simple cases, where x and n are

small, were enumerated, The wvaluss of E(Sc) determined
from these enumeraitions were found to be the same as
these glven Wy eguation 8 Par the same wvalues of x

and n.

In experiments all walues of the variables in
eguation ¥ will be known except fovr =z, Hacause of
its complexity the only way to solve equation 8 for
z is to tabulate the wvalues of E{S¢) resulting
from each integral wvalus of 2. With words of usrmal

length this is an easy task.



The case where z is not constant is even more
complicated. Howeveyr, providing the wvariance of =z
is not larger than one or ftwo letters, the value of
E{z} corvesponding to amy given wvalue of E{Sc) caun
be estimated by graphical interpolation. For thas
interpolation the tables of corresponding valiues of

z and E{Sc) calculated from equation 8 can be used.

It is possible to make an exact debtsrmination
af the wvalue of E(z} for ths case in which z varies,
bt it dnvolves a more detalled analvsls of the
experimental resuits. It resquires the determination
not of E(Sc) but of F(Se},where F(Sc) gives the
probability that Se takes each possible value from
zero to x., The increase in accuracy gained by the
exact solution dees mot seem large enough to warrant
the large amount of exirs work entailed, Therefare
the approximate methoed ds used in all experiments

reported below.

3.4,4,3 Mixed transfer

It dis dwmportant to consider the case of mixed
transfer as it is probably one that offen ceoours
empirically, In mixed transfer operation 3 is such
that the position of letters in term Z is, for some
letters, the same as their position in terwm X, and
for other letters, independent of thesir position in
term X. The proporitions of the fwo kinds of itransfer
can always be calculated, where necessary, becauss
these proportions deiermine a particular pailr of

values for the two scores E{Sp) and EB{Sec), The value



of E{z) caloulated from BE(Se) gives the average

number of letters in term 2z irrespechive of the

correciness of their position., The valus of B{z)
caleulated from B{Sp} gives the average numbar of
letters correct with resspect to boeth identiity and
position, The average number of letters in term %
whose traunsfer is independsnt of position is therefore
related to the difference between the two values of
E{z} calculated from E(Sc) and E(Sp)}. Determivation
of the sxact naturs of this reliationship is wob

necessary for our present purposes.

G.4.4.4 Complete dictionaries and the sepavation of
stimulus and supplemeantary componenihs

The corrections of the accuracy scores given by
squations 3 and 8, provide astimates of the oumbor of
letters received from the stimulus apd transmitted
into the reproduction, which are unbiased by any fowm
of supplementatiocon. In addition they provide a means
for differentiating bhetween the ftransfer of information
regarding letter identity and that regarding letter

position,

Applied to the problem of determining whether
priotr experience alffects the siionlas component, a
possible seolution is seesn dn the case with which the
acouracy scores can be correctsd for gnessing when
dietionaxy 1 is complets. These corrections are valid
ng matter whether the subject bas had prior sxpsriencs
of the words jn dictionary 1 or ncet. 1t wosiid

therefore be possible to dnvestigate the effect of



9L

prior experience on the stimulus compopent by using
complete dictionaries and varying the subiscts
experience with them. No such investigsation has yet
been made. An immediately apparept difficulity is

that complete dictionaries will usually be very large,
For instance, in a compleie dictionary of three letter
tevms wade from the English alphabket, there are 267
different terms., Adequate rehearsal of these whole
dicstienary, or even a significant portion of 1t. would
clearly be very difficult te achieve, This difficulty
could be overcome, however, by the use of smaller

alphabets,

F.4.0.5 Optimum readiness

Lt is resasenable to assume tThat the subiect is

in a state of gptimum readirne ss when he is ready favr

Just one particular, highly overlearned., ward. The
saparation of stimulus and supplementary components by
use of a complete dictienary as just suggested has

the great weakness that it is net applicable to such
conditions of optimum readiness, A study of
rerformance under these conditions is esasential,
because, if prior experience does affect the stimalus
component, then it is under conditions of ocptimum
readiness that it ig moest likely to do so. ILIf, on the
other hand, there is no effect of prior sxpsrience on
the stimuzlus compoenent, then it is under condifilons

of opltimum readiness that this mast be demonstrated.
For to demonstrate the abssncee of the affect undsr

less optimam conditions, is not to exclnode its
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possibility under more optimum conditions, The basic
theoretical issue is therefore most likely to be
settled by the use of techniques able to measure the
degree of stimulus control of word recognition under
conditions of optimam readiness, Techniques that

meet this need are developed in the next section.

3.5 ¥Word discrimination and random changes

3.5.1 The method of word discrimination

Haré digerimination as 2 method is simply a
matter of asking the subject the guestion YWag this
word displayed?!, rather than, as in word
identification, ‘What word was displayed?', Postman
(1963) notes that the crucial diffevence between
psycho-physical and word recognition procedures is
that the former use a very restricted range of
responses (e.g. yes or no), whereas the latfer use
a very wide range of responses, Tt ds wvow generally
agreed that the use of a wide zrange of respounuses
raises very great difficuvities of interpretation
(see, for example, Hake and Rowan, 1966), It iz a
most impertant featurs of ithe word discrimination
method that it removes this differences between
psycho=-physical and word recognition procedures,
and thereby all of the problems associated with the
uge of a wide range of responses, In spite of this
virtue practically no use has heen made of the method
to study word recognition, The most probabklie reason
for this is that word discrimination seems to reguire

so little stimulus dinformation that it can provide no
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detailed evidence regarding the perception of complex
stimulus patterns. In addition, the method of word
discrimination seems te necessitate preparing the
subject for one particular word., It will be shown,
however, that hoth of these deficiencies can be
remedied; the first by the method of random changes
described in the next section, and the second by

procedures described in Chapter .

3.5.2 The mathod of random changes

In the method of random changes the subject muasy
discriminate a briefly displayved word from a specified
word, On trials selected at ramdom., the briefly
displaved word is the same as the specified word, and
on. the other trials it is different. When it is
different only one letter is changed, and this letter
is selected at random and changed to another Ilattexr

selected at random.

To understand the method of random changes consider
the situation in which # subject is briefly shown a
familiar word, say TABLE, and he correctly says what
it is. The sxperimenteris problem 1s to discover how
much of the stimulus the subiect acitually determined
to have the stated ldentity; that is, be must discover
whether the subject actually determined that the {irst
letter was T and not some othar lstter, that the
second was an A and not some other letter, and so on.
The most simple - and perhaps the only pessible - way
to find this oud is to change parts of the stimulus

and see whether the change is detected. To sstimate



datection rates accurately, however, change and
no-change trials must ocour at randem, It is only
under these conditions that the subject must datect
the change in arder to respond differentially to
change apd no-change trials. The way dn which the
stimalus i8 changed, on change trials, is also
crucial., If the letters changed ars sslscted in a
bissed or worderly manner, then performance will
depend, not upon the number of letters the subject
discriminates, but upon which he diseriminates. For
this reason it is mecessary that the lefiers changed
be selected at random. Only fthen is it dmpossible
for the subiect to bias discrimination in favour of

letters that azre more likely to be changed.

The most important feature of the method of
random changes ds that it enables the experimenter
to palculate the muamber of letters discrimlonted.
The subject’s abillity to detect the change will depsnd
on twe things: the number of letters changed, and the
number of Jetbers discriminated. The sxpsrimenter
knows the first, and therefore in the xight cenditicos
can calculate the second. Bxactly how this iIs done

ig shown in the next section.

365.3 Calculation of the number of latters
disoriminaied

The formative syvstem which can be used fo
analyvse word disgrimination experiments is very
similay to that used for word identificatliaon
experiments. The main difference is in the nature

aof texrm R and operation 6. Term R will have only



two states: osne corresponding to the response
indicating ddentity, and the other to the response
indicating difference. Operation 6 will form term K
by comparing terms Z and ¢ with some other term. This
other term will be called term €, Operation 6 is such
that 1f the letters éf terms 4 and G do not match Lhe
letters of term € then term R takes the state
indicating difference. The scores c¢collected from

the experiment will be some function of terms X, R,
and C. Matters are greatly simplified by the fact
that the only aspect of term G that is relevant to

the scores is the probability that it contains a
non-matching letter on oceasions when teym Z contains

no nen-matching letters.

The following analysis shows how the pumber of
letters in term Z can be caleoulated From performance

when the methoed of random changes is used,
Let the number of letters:

in the word = x
changed, when +the word is different, = ¥

discriminated = =z,
Also, let the probability that the subject;

savs 'Different! when the words are
different = u
azys 'Same'! when the words are
different = =2
says 'Bame' when ithe words are

the same = {
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says 'Different' when no change is
detected p
detects the difference = @

#

The basic outcome of any experiment will be estimates of
u, and g, which together describe the subject's
performance. The letters discriminated are those
letters of the stimulus whose identity determines
response. The subject detects the dif ference if

the letters discriminated include at least one

changed letter,

To determine the relation between the number of
letters discriminated and the observed scores, first
consider the trials on which the word is different.

The probability that the subject detects the difference
is ¥, The probability that he does not detect the
difference is therefore (1-@). When he detects a
difference he says 'Different?. When ILie does not he
may nevertheless still say 'Different'; the probability
that he does s0 is p, Therefore, the probability, u,
that the subject says different when the word 1s

different is given by the equation

#.1 + (1-8) p

- p
R = (5)

1l

#

1l

Now @ can also be expressed in terms of : 2z, the munber
of letters discriminated; x; the number of letters in
the word; and y, the number of letters changed. @ is
the probability that v letters, selected at random
from x letters, will include at least one of =

particular letters. Thus
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fn1 . tDE number of ways of choosing v letters from {x-z) lstters
the number of ways of choosing y letters from x letters

%)
o - m,%%w
()
oo xem)e oy (e )
{X-zwy) 1yl x!

{(x—2z) 1 {x-v)1
=1 - (Xwzey )] x! (19)

It is important to note that as the letters to be changed
are selected at random this expression could be derived
without any assumptions regarding which Jletters the subject

discriminates.

The wvalue of p may be determined by considering ali(
the trials on which no change is detacted, On some of
these trials the words will in fact be the same amnd an
others they will be different, As change vcours at random,
the trials on which the words are the same will be a random
selection of all trials., If, therefore, the subject says
Different’ when no difference is detected, he will be just
as likely to do so when the wovds are the same as when
they are different. Thus the probability p is also the
probability that he says 'Different!, when the words are

the same. This probability is (1-q), and therefore
po= 1-g {11)

Substituting in equation % the wvalues given by

equations 10 and 11, we get
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(sz)f(xwy}é _u=lsq

(x-z-v )i ! G
"o {xez)ilx-y)t _ len
(xxzwy)? x1 MEE
But lau = s
» {x-z)t(x-y)t _ 8 (12}
R ' S 4 )

In experiments the values of all the variables in this
equation, except for z, are known or can be estimated,

and =z ean thus be calcoculated,

In the particualar case where y-1 equation 12

simplifies and is wasily solved for =z.

When v=1
(xez)t{x-y)t  {xem)y(x-1):
{xmzxy); %1 (F=z=1)1 xI
(x=z) {xezmei)i{x-1}1
h (xwzml}i x (le}i
X%
x
e » From equation 12
X2 s 2
x aq
o": pmg l"‘"‘g v (l” \i
z = x(l-g) (13)

This equation also holds if =z is pot constant,
but varies from trial to tzrial.
war(szi}é(xMy}i

= &

T=0 (x-z-y) ! x1

Foxr then from 12

il 17



Where #(z) is the probability fumction of z.

When v-1 this simplifies to

..%; ¢ f{Zl)

X2l
g%@ﬁ,

Ko
X

k=
4

=)
-1 - Bl=)
X
. E(x) = x(1-2) (14)

The wethod of randow changes and eguabion 14 provide

a measuve which has long been nesded, They allow an
estimate of the number of letters of a presented word
which are used +to determine word rscogunition, that is,
the number of letters in ths stimulus compouant.

Most dmpeortantly, this estimate canoot be bilased by
any form of supplementation, and can be wused to assess
the effect of any kind of prior experience, including

optimom readiness,

3.5.4 The relation of letter discrimination and
identification scores

The values calculated from identification
experiments by the eguations developed in Section
Fo4, and those galculated from discriminatlion
experiments by equation 14, are estimates of the same
thing. Both are estimates of the number of letters
in the stipulus whese identity is used to defermine

raesponse. Perhaps one of the most useful fuoctions
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of the corrections deaveloped in the above gections
is that theyv wake possible the comparison of
performancse across experviments with differsant tasks
and scoring procedures, Withount these corrections
no comparison would be possible, for the Taw scoves
from the two kinds of experiments are in no way

comparable.

Although the two kinds of experiments both allow
calewlation of fthe number Qf.Lett&rﬁ in stimulus
component, there are no a priori grounds Tor assuming
that the type of task has no sf{fect on the stimulus
component. Whethezr 1t dones or not iz porely an
empirical matter. The imporftant point is that
investigation of the matter is made possible by our
ability to calculate E{z) from the raw scores.

Before comparisons between values of F{z) caloulated
in the two diffsrent ways can be made, it is first
neceaessary to determine how the veiues caloulated from
discrimination scores depend on position informatiog.
Does correct discrimination depend on the identiiy
and position of letters, oy on leftter identity alone?
In most cases this guestion ls easily answered.

When the changed letter is changed to a letter that
exists nowhere else in the word, then oniy the didentity
of the letter is relevant to difference detection.
The value of E{z) caleulated from these trials is
therefore the number of letters displaved whose
identity determines recognition. Howewver, when the
changed letter is changed to a letter that already

exists somewhers else in the word the guestion cannot
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so easily be answered., In these cases difference
detection may invelve either the didentity and position
of the changed letter, or only dts ddentity, but
together with the identity of the already existing
letter, Because of this the meaning of E(z)
calenlated from such cases is diffiecnlt to determine.
All values of E{z) calculated from discrimination
experiments are therefore based only on cases where
the change is to letters not already in the word.
This value is then comparable with the wvalue of

B{z) calculated from E{(Sc) in identification

expariments,

It is worth noting the basic property which
makes separation of the stimulus and sapplementary
components possible if A complete dictionary or
the method of random changes is used. This property
is in both cases the absence of stimulus bias.

That is, in both cases the aspects of the stimulus
on which performance depends (letter identity in one
case, and letter change in the other) vary randomly,
It is not fthrough the control of response bias that
the problem is to be solved, but through the removal

of stimualus bias,

3.6  Summary

The first section of this chapter attempfed to
make clear what questions were being asked regarding
the processing of information in word recognition.
An elementary analysis of the processes invelved

claimed to show a pumber of distinct systems. and



the problem was stated to be that of finding out
through which of these systems prior experience

modifies word recognition perforsance.

As a fivst step towards solving this problem,
the remaining sections developed procedures fox
calculating the number of Jletters in the stimulus
component. These calculations were developed fox
word ddentification performance when a complete
dictionary is wused., and for word discriwmination
performance when the method of random changes is
used, The method of random changes was described
as one in which, on randomly selected frials,

randomly selected parts of the word are changed.

The subjects® ability to differentiate between change

and no-change trials was shown to depend on the
amount of the stimulus discriminated, and to allow

that amount o be calculated,
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CHAPTER 4

GENERAL, METHODS

In the following experiments the degree of stimulus
control over word identification and word discrimination
was studied and compared, For word identification a
complete dictionary 1 was used, and no variations in
prior experience were induced, the subject being given
no experience of the word prior to its brief display.
For word discrimination the method of random changes
wvas employed, and a variety of prior experiences were
induced., This chapter describes the methods and

procedures that were common to these experiments.

k.1 Apparatus

The optical system from a Takeli 3 - channel .
tachistoscope, Model 202,1 was used, with the
mechanical timer replaced by a more accurate and
flexible electronic timer. The whole apparatus is
shown in Figures 1 and 2. In two channels material was
seen in normal orientation; and in the third - the
background field - in mirror reversal. Viewing was
binccular, and through partially silvered glasa, The
stimulus material in each of the three channels was at
the centre of an illuminated white screen (8" x 8"),
and at a distance of 31.5 inches, from the viewing

aperture. The stimulus words were fed into the

L Takei and Company Limited, Tokyo, Japan.
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tachistoscope on rolls of photographic paper, and passed
close beshind a narrow window cut in the screen. An
alignment indicator allowed rapid and exact positioning

of the word in the centre of the window,

Each channel was lit by two five watt flucrescent
tubes. It was Tound that the rise and decayv
characteristics of light output varies widely across
individual fluorescent tubes. Those used had rise and
decay times of about two or three wmilliseconds. An
oscilloscope, linked to phototubes, enabled the
duration and intensity of background and stimuius fieid
illumination toc bhe monitered during experiments. Flelds
could be monitered separately or concurrently. Typical
traces for a 100 millisecond display are shown in
Figure 3. Monitering led to the detection and
correction of a nuwmber of gross accidental changes in
display characteristics,. For the background field and
stimulus field 2, dllumination, as measured by a
Weston Photometer, Model 585, was 44 lumens/sq.ft. For
stimulus field 1, in which the target word was shown,
it was 22 lumens/sq.ft. The degree of dark adaptation
was kept approximatelv constant by maintaining the room
and stimulus field illumination at about the same level.
To produce the required display sequerices, current to
the fluorescent tubes was switched on and off by
impulses from an Iconix Waveform Generator, Model
5656,1 This was achieved by coupling the Wavelorm

Generator to the Takei tachistoscope through a switching

Teonix, 943 Industrial Avenue, Palo Alto, California,
UGSQAP



105

unit designed by Dr J.R. Trotter of the Phychology
Department, at the Australian National University. The
resulting arrangement allowed great accuracy and

fiexibility in the setting of displavy seguences.

4.2 Display sequences

In order to study the rate at which word displays
of nermal intensity, contrast, and size are processed,
it is essential to have control over the duration for
which the visual display is effectively available.
Because of the persistance of vision little control is
obtainable when the normal blank pre-stimulus and
post-stimalus Ffields are used, Far greater control is
achieved by the use of visual noise fields. A visual
noise field is one which makes illegible either a
visual display or a persisting image. One form of noise
field dis a very bright flash which follows the stimulus
display after a short interval {(Lindsley aud Emmons,
1958}, but Sperling (1963) notes that this noise field
may fail in its task by evoking negative after-images of
the stimulus field, He used, instead, haphazardly
patterned noise fields desipgned to make any persisting
image illegible. Patterned noise fields of this kind
were used throughout the experiments to be reported.

The two noise fields used are shown in Figure 4, A
small red dot in the centre of each Tield served as the
fixation point. Noise field cone was used in experiment
2, and the other in all remaining experiments, The
change was made only in an attempt to increase the
‘noisiness! of the field, The importance of using noise

fields will be further discussed in the next chapter.
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For convenience the briefly dispilayed word will be

called the tavget word, and that with which it was

compared on discrimination trials will be called the

comparator word. Trials on which fthe target and

comparator words were the smme will he called Tsame!
trials, and those on which they were different will be

called 'different! trials.

In word identification trials the display
sequence was a briefl display of the target word
praceeded and followed by the noise field, In word
discrimination trials the briefl display of the target
word was followed by a displav of the comparator word,
This procedure has two advantages: first, the subject
can be told the comparsator word prior to the brief
display, but he need mnot be; and second, the subject
cant make his judgement while looking at the comparator
word, thereby avoiding the errors that could be caused
by a faulty memory of it, The comparator word was
displayed for four seconds, this value being chosen on
the basis of preliminary experiments which showed that
most judgements were wmade within this time. The noise
field was shown during the interval between target and
comparator word displays. Preliminary sexperiments
indicated that variations in this inter~stimulus
interval had surprisicely little effect on performance,
at least within the range from 0.1 to 3.0 seconds. The
inter-stimalus interval used for all later expsriwents
was 400 williseconds. This probably allows the

intervening noise field to achieve maximum erasure, but
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also keeps the interval relatively short. The display
segquence in word discriminafion trials was thersefore as

shown in Figure 5.

In all éxperiments the subject initiated the onset
of the brief display by pressing a button on the
regponse box., The rest of the presentation seqguence
then procseded auvtomatically. At the beginning of
experiments, subjects were gilven practice in the

co-ordination of fixation and triggering.

4.3 The stimulus words

The effect of word familiarity on recognition
thresholds 1s known to inerease with word length
(MoGinnies, Comer, and Lacevy, £952)§ the effect is
therefore most easily studied by using relatively long
words., For this reason only words containing seven
letters were used. It is also the case that nearly all
investigations of the familiarity effects have used
pronounceable words. Apart from the findings of Heuchet
(reported by Wohlwill {1966) and judged by him to be
eguivocal), familiarity effects with unpronounceable words
have not vet been clearly shown. For this reasen it
was thought best to use pronounceable words, 1t was
also necessary, however, to use words that allowed
accurate corrections for guessing., TIf the words were
randomly selected from all possible seguences of seven
letrvers few would be pronounceable. To satisfy boih
requirements, the words used were counstrucied so that

the letters 1, 3, 5 and 7 were always consonants, and
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so that the letters 2, 4 and & were always vowels: ithat
is, all words had the form CVCVOVE., As the consonants
and vowels were selected randomly and independently,
the corrections derived in Chapter 3% could be used but
they had to be applied to the consonants and vowels
separately. Use of this standard word struciture has the
added advantage of rveducing any variability in
performance that may arise from differences in word
structure., To further increasse standardization of
structure, and fto ease calculations, the letter vy was
omitied from the alphabets used. The total number of
words available was thus QGQ x 53 { =2 % 10?). of
these, more than 1,000 were used. Random nuwuber tables

were employved to comstruct all words,

The words - all in capitals - were photographed
directly ounte the rolls of photographic paper, by a
Varityper Headliner, Model 8&0‘1 A typemaster ML ~
V1250 was used, which gives 12-point print., Letters so
produced are about 1/8Y high. The resulting stimulus
materials are shown in Figure 6, which gives an example
of the two strips of words required for word

discrimination,

4,4 Response and scoring procedures

In word discrimination trials; the subiect was
regquired to szy either 'Same’ or 'Different'!, on every
trial. He could do so whenever he wished after the

onset of the comparator word. The experimenter recorded

1 Varityper Corporation, 720 Frelighuysen Avenue,
Newark 14, New Jersey, U,5.A,
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the subject's response on a score sheet, which also
showed whether the words were in fact the same or
different, and if different, which letter had been
changed., Frem these records the average number of
letters discriminated was calculated by Equation 14 of

Chapter 3.

In word identification trials the subject wrote the
letters on a roll of paper marked with a matrix seven
cells wide. After each trial, the subject wound the
paper on, making another blank grid available, and
removing the last from view, Bubjects were required to
place a letter in each of the seven cells on every
trial., They were reqguired to place only conscnants in
cells 1, 3, 5, and 7, and only vowels in cells 2, 4, and
6. To remind thew of this the letters CVOVCVC were
placed in permanent view at the head of the relevant

columns,

To score these reproductions the average values of
5p and 8¢ were determined, and corrected for guessing
by Egquations 5 and 8 respectively., Tt will be
remembered that the value of 2 calculated from Sp is
the rnumber of lstters identifdied where position is
taken inte account, and that calculated from Sc¢ is the
number of letters identified where position is not
taken into account. As already mentioned, these
corrections were performed on the consonants and vowels
separately. The correction of 5p for consoenanis 1Ls
given by the equation

Elz) = 20 EiSp) - 4
o 19
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where E{Sp) is estimated by the average value of Sp for
consonants. Similarly, E(z) for vowels is calculated

by

- 5. EB(Sp) -3

The estimated value of E{z) for the whole word was
obtained by summing these two values, For the correction
of Sc the two graphs shown in Figure 7 were drawn,

Points on those graphs were plotted by determining the
value of E{(Sc), as given by Equation 8, for each
possible integral value of %J(z)a The wvalue of E{z) for
each value of E(Sc) was read from these graphs. The
estimated value of E{z) for the whole word was again the

sun of the separate values Tor consonants and vowels.

4.5 Practice procedures and instructions

AlL experimental sessions were precedsed by a minimum
of 15 minutes practice, except when the subjects were
already highly familiar with the situation. In the
practice ssssions the subjects were acquainted with the
particular experimental conditions ftco be used. In
exporiment 2 the first session was a practice session
only. Some of the subjects of experiment 2 were used
again in experiment 5. In experiments 3 and L,

subjects were used for a single sesslon oniv.

Verbatim instructions were not thought to be either
feasable cr mecessary. Instead, they were given in
accordance with an instruction profocol, which outlined,
ag clearly as possible, what the subject had to be told.
Instructions were given at the start of practice and

repeated whenever necessarv.
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5,6 The statistical analvsis of results

Most of the effescts of particular theoreidical
dmportance were large, In many cases, therefore, a
relatively simple analysis of the data was sulficient,.
The principal means of handling the data was provided by
the analysis of variance. This technique was chosen for
three main reasons. (1) Subject effects are large in
word recognition experiments, and therefore best removed
from the error term against which treatment effects ars
tested. (2) Treatments were easily combined, thus
permitting full faetorial designs. {3) In some cases
interactions between treatwments were of special interest.
The most suitable designs were thought to be treatment
(4} x sabject.{S}, and treatment (A} x troatment {B)

x subject (S) designs., The treatments were fixed
effects, and the subjects were random effecis, s0 a
mixed model was appropriate., These designs are
discussed by Lindguist {1953, Chapter 6, and p.237),
and by McNemar (1962, p.333). Both authors recommend
them as useful and efficient desigus. In these desaigns
each subject undergoes all combinations of the
experimental treatments, Tn the treatment {A) xz
treatment (B) x subject (S) design, the main effect A
is tested against the A x 5 interaction term, and the
main effect B against the B x 8 interaction term. The
A x B dnteraction is tested against the three way

infteraction A x B x S.

Lindquist {1953, p.157) discusses the assumptions

made in using the F.test with such designs. In addition
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to the hypothesis being tested, there are three

assumptionss:

L. The experimental subjects are a simple random
sample from a specified population. In order
to consider this assumption satisfied
statistical inferences must be Limited to a
hypothetical population of subjects ?'like those
used in the sxperiment?!., As treatment x
subjects dnteractions are negligible in the
results to be reported, this population is
unlikely o be severely restricted.

2. The treatment x subjects interaction effects
are normally and independently distributed in
each treatment population. Lindguist (1953,
p.159) states that this condition '...seems
very likely to be approximately satisfied dn
maest psychological and educational
experiments.? In any case Scheffé (1959)
concludes that non-normality has little effect
on inferences about means.,

3, The distribution of interaction effects has the
same variance in each trestment population.
(This assumption is egquivalent to the
assumption of homegeneous within-treatments
variance in simple randomized designs}. With
regard to this assumption Schefté (1959 p.345)
says ‘'Ineguality of variances in the cells of a
lavout has ifittle effect on inferences about
means 1if the cell numbers are eqgual, serious

effects with unegual cell numbsrs.' Egual cell
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namwhere were used in all experiments, so tests

for homogensity of variancsd were 1nnecessSary.

The way in which individual means shoold be compared,
Following an anaiysis of variance, is still a wmatfer of
controversy (Ryan, 1962 Wilson, 1962}, The traditional
procedure as given hv Lindguist (1933, pp.164.166}) is
#8til] widely used, and where necessary is the one

adopted herxe.
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CHAPTER 5

EXPERIMENT 2: THE EFFECT OF PRIOR EXPERLENCE
ON THE STIMULUS COMPONENT
OF WORD RECOGNITION PERFOBMANCE

5.1 Introduction

In this experiment word discrimination was studied
under two conditions of prior experience; low

familiarity, and high familiarity.

1. In the Llow familiarity condition the
subject was given no experience of the
target or comparator words prior to their
display for discyrimination, The
comparator word was randomly selected
from the complete dictionary of CVCVCVis,
amd the target word constructed according
to the method of random changes. Thus
under this condition all the subject
knew of the target word prior to its
brief display was that it was going to be
a CVCVCve, FPFor convenience, this
condition will be referred to as low

familiarity disecrimination, or LFD.

Z, 1In the high familiarity condition the
subject was made well acguainted with
the target and comparator words prior
to their display for discrimination,
Thizs in this condition the subject was

ready for a particular, highly overlearned,



comparator word, but did not know
vhether the target word would be
identical to it or a random variation

of 4t, This is the condition of optilmum
readiness, whose importance has already
been discussed (Section 3.5). This
condition will be referred to as high

familiarity discrimination, or HFD.

It has already been shown how from performance under
these conditions the number of letters discriminated

can be calculated.

Preliminary experiments indicated large effects
of pricr sxperience on the stimulus component under
these conditions. Experiment 2 was therefore designed,
net only to demonstrate those effects clearly, but
also to provide swvidence of whersahoults in the
transmission sequence they arise., The techniques
developed in Chapter 3 are only capable of separating
the stimnlus and supplementary components, Onece prior
experience is shown to affect the stimulus component,
it becomes necessary to develop procedures for
determining whether it does so by affecting
reception, read-out, storage, or use. The form such
procedures may take is suggested by the following

considerations.

Comsider the task of weproducing a wisual display
that is a variant of a known display. A great
reduction in informational joad can be achieved if
the display is recoded in terms of the known display,

or, in Woodworith!s terms, if it is seen as !schema
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with corrvectiont, But recoding is only useful if it
occurs before the infgrﬁ&tion loss, and this is only
possible if a schema of the known displey functions

in the recoding of input prior to the loss, Thus, if
we have a situation in which performance is 1limited

by information leoss occurring at known loci in the
transmission sequence, we can determine whe ther or

not recoding occurs before those loel, by showing
displays which are variants of displays known to

the Sﬁb(jects

A situation in which performance is limited by
information loss occurring at known loci is provided
by Sperling's method invelving noise fields., When
noise fields are used to erase persisting images. the
duration of effective display availability 1s made
very nearly equal to the duration of display
presentation, Under such conditions the relation
between performance and the duration of effective
display availability can be investigated. Reporting

such an investigation, Sperling says:

The point of all these experiments is
that, uwnder a variety of conditions, random
letters of good contrast are scanned at the
same rate; typically, about one letiter per
10 msec, However this holds true only for
the Tirst three or Tour letters to be scanued.
Fig.5 {shown here as Figure 1} shows data
obtained with the same two sub jects viewing
a dark pre-—exposure field and a nodse post-exposure
field. One subject reported three, the other
four letters in the first 50 msec of
exposare, Additional stimualus exposure
from 50 msec to 100 msec accounted foxr about
one or two additional letters. Bevond 100
msec the rate of acguiring additiomal letters
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is s0 Jlow as to be virtually indistinguishable
from zero on this time scale, Additional data
points would have shown the critical break in

the curve to occceur well before 100 msec.

This kind of experiment perhaps more
clearly than any other defines an immediate—
memory span for visual materials. Letters
up to the immediate-memory span can be
scanned at a rate of ons letter per 10 or
15 mseec, This is so rapid that the rate of
acguiring additi omal letters beyond the
immediate-memory span is negligible by
comparison, (8perling, 1963, p.25-26.)

Performance at durations below the tcritical point!

will be called duration-sensitive performance,

Performance at duratioms above the 'critical point!

will be called duration~insensitive performance.

The critical point was at about 100 milliseconds in
Sperling's experiment, but the value will vary with
display conditions, Sperling takea it for granted
that duration-sensitive performance shows
limitations due to read-out rate, and that duration-
insengitive performance shows limitations due to
post read~out storage mechanisms., In this thesis
much weight is placed on these claims, so an attempt

is made to give them a more explicit justification.

There are three main reasons for believing
duration-sensitive performance to show limitations

gset at read-out.

l. Duration-sensitive performance is affected
by variables unlikely to have any influence
after readwout. Display duration itself

is the best documented example. Results to
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be reported later show that this
performance is sensitilive to changes

in display duration of as little as

5 milliseconds. Now if this performance
resalts from limitations set after
read-out, then display duration must

Lbe represented in the systems beyond
read-out to within an accuracy of at
least 5 milliseconds, 1In other words,
display duration must itself be read out
antd transmitted into the later systems
with at least this accuracy. Although
possible, such an occurrence seems
unlikely., (If duration-sensitive
performance was shown to depend on other
aspects of the display that are unlikely
to be accurately read-out, such as size,
shape, brightness, or contrast, this

argument would be greatly strengthened.)

Duration-sensitive performance is highly
dependent omn the brightness, patterning,
and contrast of both ths pre-stimulus and
the post-stimulus fields, For instance,
unless the post-stimalus fileld is
sufficiently 'nmoisy'! there is no rapid
decrease in performance with duration.
It is unlikely that all these
characteristics of the post-stimalus
field are read ocut. I1If they are not,
then they cannot affect information

already in store. If they affect
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performance, therefore, they must do so
by changing the amount of information that
gets into store, That is, by reducing the

number of letters read out.

At some durations only I or 2 letters are
reproduced, We know that the storage and
retrieval mechanisms can handle more than
this without loss., The implication is,

therefore, that under these condilions no

more than 1 or 2 letters get into storage.

The reasons for believing that duration-

insensitive performance shows storage Llimitatlions

are nearly as strong. There are three main reasons,

l#

Such performance is little affected by
specifically visual characteristics, and
therefore seems to be limited by events

outsgide the visual receptor systems,

Post read-ont limitations can be shown to
be of the right order of magnitude, for
performance is very little improved when
read-out i enmsured by sufficiently long
display durations {Baddeley, 1964},

The post stimulus sampling experiments of
Averbach and Coriell (1961) aud of
Sperling (1960}, show that the span of
apprehension is not due to Llimitations

in the receptor systems. 1In experiments
of Averbach and Coriell the subject was

shown an aryay of sixteen letters;, and soon



120

after the offset of the display a letter
was selected at zandom for the subjiect to
identify. The results show that, for a

short time at lsast, the receptor systems
make available information far in excess

of the apprehension span.

If the above interpretations are correct,
comparisons of the funcfions relating performance
to duration under high familiarity and low familiarity
conilitions will show whether information loss is
reduced by recoding in read-out, in storage, or in

Vbothv

An identification condition was also included
in the present experiment. As previous studies have
always related duration to performance on
identification tasks, it is important to discover
whether word discrimination and word idemtification
are similarly related to duration., For this reason
a word ddentification condition was included,
Randomly selected words wers briefly dizplayved and
the subject was requested to identify each lstter,
As in the LFD condition the subject was given no
experience of the woprd prior to its display. This
condition is therefore called low familiaxiity
identification, or LFI., It was expected that
performance under the LFIL and LFD conditions would
either show that the two tasks are equivalent or
that discrimination is easier. Reasouns for this

expectation are given in Section 5.4.4.
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To summarize, experiment 2 asked four

guestions:

1. Does the number of letters in the stimulus

component depend on prior experience?

2. Does the number of letters read out depend

on prior experience?

3., Does the number of letters stored depend on

prior experience?

4, Can more letters of low familiarity words

be discriminated than identified?

5.2 Method
5.2.1 Outline

The experiment was required to measure and
compare performance under three conditions over a
selected range of display durations. The three
conditions were: high familiarity discrimination
(HFD), low familiarity discrimination (LFD), and low
familiarity identification (LFT). The display
sequences for both discrimination condjitions was that
shown in Figure 3 of Chapter 4, For the LFT
condition it was simply the brief display of the
target word preceded and followed by noise fields.
Six brief durations were selected on the basis of
preliminary experiments: 50,55, and 60 milliseconds
were selected to show duration-sensitive performance,
and 70, 90, and 200 milliseconds were selected to

show duration-insensitive performance. The performance
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of six subjects was studied under all three conditions
and at all six durations. Six experimental sessions

per subject were reguired, each lasting about 2 hours.

5.2,2 Design

The experimental design which followed naturally
from the requirements was a 3 x 6 x 6 factordial
design, With such a design it is important to control
serial and order effects, and in this c¢ase particularly
g0, because generalized practice effects are typical
of tachistoscopic performance. The control of serial
and order effects proceeded in thyee ways. First,
to avoid the larger effects, as much pgractice as
possible was given prior to the experimental
conditions. Second, a counter-balanced design across
subjects was used; that is, for each session all
possible orders of the three conditions were used,
one order per subject. Third, for each subject,
conditions were given in a balanced order (ABGCBA)y
both within and across sessions, The full design is

shown in Table 1, Appendix 2.

Complete control of serial effects would be
provided by this design if serial effects were linear
within sessions, or linear acrosas sessions, or
uniform across subjects. It is reasonable to assume
that at least some of these conditions are well
approximated, Order effscts were not thought likely
to influence the results., In any case, they were
well controlled, as each condition followed each other

condition exactly fouwr times pexr subject,
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5:2:3 Procedure and instructions

For each subject there was wone practice session
followed by six experimental sessions. In the
pracitice session the subject was familiarized with
the general situation and with the specific tasks to
he performsed., Full instructions were given in the
practice session in accordance with the following

protocol.

Instruction Protocol

1., Outline the purpese of the experiment in
general Terms as a study of how people use
briefly available information. Do not
allow the specific aims of the expsriment

t0o become known to the subject,

2. Seal subiect comfortably and describe the
reguired head position and fixation point.
Show the subject how he is to trigger the
display sequence, and reguest a minimum of

eye movements during that sequence,

3. Describe the words to be used, thelir length,
CVOVOVE form, and random construction.
Note the omission of the letter Y., Show
an example in the tachistoscope for about

ten seconds,

4, Desecribe the discrimination task., Fmphasize
the randomness of identity and difference,
and the random nature of the difference.

Reguest the subject to say eifther 'Same!?



or Different' on every trial, and to do
so only after the onset of the comparator

word. Give ten trial runs.

5. Describe the identification task. Show the
seven columns in which the letters are to
be written., Point out the C or V headings
of the columns serving as reminders of the
appropriate type of letter., Request subject
to fill in all seven cells on every trial.

Give five trial runs,

6. Give trial runs of 20 discriminations and
20 identifications, Tell subjeclt how many
of each were correct,., Show the subject
how the ddentifications are marked to produce

the two scores Sp and So.

The practice session was ended by giving the
subject the set of words to be used in the HFD
condition of the first experimental session, wiith
the request that he learn them., XNone of the words

used in the practice sesslions were used again.

The sxperimental sessions began with a five
minute practice period, The experimental conditions
were then given in their assigned order., A 15 minute
rest was taken haifway through. The display durations
within conditions were in either ascending or
descending order, alternating between conditions.
Under each of the HFD and LD conditions, every
subject made a total of 720 discriminations, 120 at

each duration, For the LFD condition this required



720 randomly selected comparator words, because a
minimnm amd constant state of unfamiliarity can only
be maintained by presenting a word no more than once
to any one subject. The same 720 words were used for
all subjects, For the HFD condition repeated use of
the same word is of vourse possible. This is
Fortunate, as subjects could not be expected to
overlearn 720 random words. One comparator word was
ugsed per subject per session. With six subjects and
six sessions, 36 randomly constructed comparator words
were reduired. TUndexr the LFL condition every subject
made 360 identifications, 60 at each duvation. For
this condition 360 words were randomly constructed

and each subject saw each word once.

5.2, 4 The random changes

For the HFD and LFD ceonditions the targed words
were constructed from the comparator words according
to the method of random changes., Two decisions wors
necessary concerning the way in which the changes warse
made, First, it is a conseguence of random selection
that changss will not cccur at easch lethter position
with exactly sgual frequencies across durations asnd
across conditions. Nevertheless, it was decided not
to put a restriction on the randowmness, as any such
restriction might allow the subject Lo artificially
raise performance. Second; it was necessary to
decide whethsr changes to letters already in the
comparator word should be allowed. As noted in

Section 3.5.7%, only changes to leitters not slsewhere
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in the word are used for the calculation of =z, This

is hecause under such conditions the position of the
letters need not be used for discrimination, and 2

is then strictly comparable to the value of z calculated
from Sc. But it 4is just conceivable that if the
position of the letter were never relevant, changes
might occur in the way in which the subject processed
the input. The cowmpromise chosen was, therefore, to
allow changes to letters elsewhere in the word, but

to exclude them from the calculations,

5.2,5 The prior experience in the HFD condition

If the subject learmed only the comparator
word, then on 'different’ trials, the target word
would be similar to & known word but would not itselfl
have been seen before., It is not known how the
effects of learning a word transfer to similar words
under these conditions, so¢ it is preferable that the
subjects learn the variant words alsc. To achieve
this a set of variations were constructed for every
comparator word used in the HFD condition, Each
variant word differed from the comparator word by
just one letter. One variant word was constructed
f'or each position at which a change could occur.

As the comparator word contained seven letters this
required seven warlant words. In this way, change
could occur at random, but still produce a word
known to the subject. The 36 comparator words were
randomly selected, and the sets of wvariations on
them constructed by randomly selecting a letter for

each position in turn. At least one day before the
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experimental session the subjscts were given the
comparator and seven variant words to learm. They
were then required to reach a 1eérnimg criterion in
the practice period of the experimental session.
The words were presented in the tachistoscope in

a set order amd this series learned according to

the method of anticipation.

5.2.6 Knowledge of results

Enowledge of results were given to sus tain
interest and motivation, At the end of sach bhlock
of ten discriminations the subject was told the
number corrsct, He was not told on which trials
errors had oceurred. At the start of most sessions
the subject was shown the scored identifications of

the previous session.

5.%,7 BSubjects

The subjects were the first six psychology
undergraduates who volunteered to act as paid
subjects, Their ages ranged from I8 to 26 wvears,
Two were male [R.K.M., and A,J.P,) and four were female
{M.G., A.3., E.P. and T.V,), Three wore glasses
(R.K.M., A.5,, and T,V.),

5.3 Results

The toial nuvaber of correct and incorrect
responses for LIFD and HFD conditions, for each subject

—~

and duration are given in Tables 2 and 3 of Appendix 2.
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The percentage of correct responses averaged ovexr

subjects are given in Table 1, and shown in Figure
2

TABLE 1 PERCENTAGE OF CORRECT RESPONSES
FOR THE HFD AND LFD CONDITLONS
(AVERAGED OVER SUBJECTS)

DURATION (MILLISECONDS)

50 55 60 70 a0 280

P L.F.D. {58 64 66 62 71 81
| H.F.D, 67 73 75 82 86 973

The probability of success clearly depends upon beih
display duration and prior experience. However,
differences in the probability of success do not
necessarily imply differences in the number of lettiers
discriminated., This is because ap increase in the
prebability of success will result froam a decrease
in the probability that the subject says 'Different®
when no differvence is detfected, even if z remains
unchanged., For the calculation of z the number of
correct and incorrect responses for 'same'’ and
tdifferent’ trials separately are necessary. These
mumhers are also given in Tables 2 and 3 of

Appendix 2.

The votal number of letters reprodused correctly
and in the right position under the LFI condition is
given in Table 4, Appendix 2, for each subject and

each duration. Table 5, Appendix 2, gives the totals
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when pesition is neot taken into account, From these
totals the average wvalues of Sp and B¢ for each
duration were obtained, and corrected for gusssing.
Comparison of the ftwo wvalues of 2z so obtained for
each duration shows that there is a consistent
difference between them of about 0,5 or 0,6 of a
letter, 7This means that most letters identified

are also correcily lecated. The mean number of
letters identified but incorrectly located is about
half a lettex,

The values of z for the LFD, HFD, and L¥FL
conditions were obtalned from the data in Tables 2,
3 and 5 of Appendix Z respectively. These values
are given in Tables 2, 3 and 4, together wilth the
mean wvalues over all subjects. The mean values for
the three conditions are plotted in Figure 3. All
the main outcomes of the experiment can be ssen iuv

this graph.

TABLE 2 THE VALUES OF =z FOR THE L#PDL CONDITION,
BY SUBJECT AND DURATION

DURATION TN MTLLISECONDS
SUBJECT 30 8% 60 70 90 200
L.(R.M.K.} 2.3 1.7 3.8 1.8 3.9 5.1
2.{M.G.) 3.1 3.1 3.5 3.0 4.3 5.8
3.(A.J.P.) 2.4 2,7 2.6 1.5 4,2 5.3
4.,(A.S5.) e 3 B 2,0 1.6 2.9 4.5
5.,{E.P,) A 2.8 1.3 1.7 3.6 3.8
6. (T.V.) 1.0 2.7 .1 L.8 2.1 4.8
MEAN 1.6 2.3 2,2 1.9 3,4 4.9




TABLE 3  THE VALUES OF z FOR THE LFI CONDITION,
BY SUBJECT AND DURATION
DURATION IN MILLISECONDS
SUBJECT 50 55 60 70 90 200
iy < o e e ot
L. {R.M.E.) 2.5 .6 3.7 4.8 5.2 6.1
2. (M.G. ) I 3.3 3.9 3.4 4.2 4.6 5.6
BS(AG*—TA’F'} 34? 1‘&'55 h'ag 2‘&:18 5-9;'* 60"”&'
4.{8,8,) 1.4 2.0 3.0 3.8 L.4 5.6
2. (E.P.) 2,4 2.9 3.4 3.9 4.7 5.5
6, (T.V,) <7 2.0 3,0 3.5 L,7 5.8
MEAN 2.% 3.2 3.6 k.2 L.8 5.8
TABLE 4  THE VALUES OF 2z FOR THE HFD CONDITION,
BY SUBJECT AND DURATION
DURATTON TN MILLISECOKDS
SUBJECT 30 35 A0 70 90 200
1.{R.M.K.) 4.0 4,8 5.5 6.8 a.h 6.7
2.(M.G. ) k.3 3.6 5.8 &.4 6.7 6.6
Fo (AP} 5.4 5.3 5,9 6.4 4,9 7.0
ho(A.s.) 2.7 2.2 5,1 4.9 5.3 6.9
5.(E.p.) 2,1 4.1 3.6 5.1 5.8 6,2
6. (T.V.) 3.1 3.7 4.0 5.7 4.9 6.5
MEAN 3.5 4.3 5,0 5.9 5,9 6,7

130
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The relation of performance to duratiomm was
similar to that found by Sperling {see Figure 1 of
this chapter)., The main difference was that
performance with the unfamiliar words continusd o
improve with increases in duration beyond 100
milliseconds, although at a markedly reduced rate.
The most likely reason for this dis that here the
words were proonounceable whereas in Speriing's
experiment they wsre not. As the reiation of
syllabic to letter coding ie of interest in itselfl,
an attempt to confirm this by a direct comparisoen
of pronounceable and unproncsunceable words would be

worthwhile.
The analysis of wvariance performed on the =
scores i1s summayized in Tabls 5,

TABLE 5 SUMMARY OF ANALYSIS OF VARTANCE OF z SCORES

(A1l Conditions, Subjects and Durations)

SOURCE OF SUMS OF DEGREES — MEAN F p
VARTATION SQUARES OF SQUARE
FREEDOM

Condition {C)]i112.75 2 56,38 117 <.001
buration {D) ;121,40 5 24,28 k3 <,00L
Subkjects (8) 1,20 5 8,24

C XD 10.78 10 1,07 A,3 «.001L
S X ¢ 4,82 10 A8 1.9 NS
S XD - 1429 25 57 2.3 .01
SXCXD 12,39 50 .25

TOTAL 317,63 107
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Both comdition and duration effects are nighly
gignificant, The ecritical difference for
significance at the .05 level (two-tail) for
individual pairs of condition means is .37. The
means over all subjects and durations were for LFD
2,7 letters, for LFT 4,0 letters, and for OFD 5.2
letters., All differences are thervefore significant.
The significance of the C x D term means that the
size of the differences due to conditions changes
with duration. As the wvalune of z under all conditions
muist approach seven letters as duration increases,
and zero letters as duration decreases, this result
is to be expected. It can be seen from the non-
significance of the 8 X € term that the effects of

the conditions did not vary across subjects.

The HFD and LFD conditions differ significantly
at each of the six durations separatsly. This is
shown by the sigo test for correlated wvarliables
(P <.02 at each duration). The sign test also shows
that the HFD and LFI conditions differ significantly
at all durations except 50 milliseconds. However,
an analysis of variance performed on performance under
the HFD and LFI conditions at the three shortest
durations, indieates that the two conditions diffexr
at the 30 milliseconds duration alsc. This analysis

is summarized in Table 6.
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TABLE 6 SUMMARY OF ANALYSIS OF VARTANCE OF 2z SCORES
FOR HFD AND LFI CONDETIONS AT THE DURATIONS
50, 55 AND 60 MILITSECONDS

SOURCE OF SUM OF  DEGREES MEAN P p
VARTATION SQUARES OF SQUARE
FREEDOM

Condition ()i 1h.bk 1 L bk 38 <.01
Duration (D) 10,81 2 5ahl 16 .01
sutjects (8) 27,02 5 5,40
¢ XD .13 2 LO7 .3 NS
8 X ¢ 1.92 5 .38 1.5 NS
8 XD 3.28 10 .33 1.3 KS
S XCXD 2,59 10 .26

TOTAL 60.19 35

The significance of the condition effect and the lack
of a significant condition X duration interaction
indicates that the conditions differ at all thrse
durations (50, 55 and 60 milliseconds). The effect
of duration is also highly significant. The critiecal
difference for significance at the .05 level for
individuaal pairs of means at the different durations
is .52, As the means are 2,9 letters Fapr 50
miliisecands, 3,75 letters for 5% millissconds,

and 4,73 letters for 60 milliseconds, all differences
are significant. This result gives substance to

the description of performance as durabtion-

sensitive,
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5.4 Discussion

Fach of the four guestions with which the

experiment was concerned will be disgussed in turn.

5.4,1 Prior experience and the stimilus component

The mean number of letters discriminated in the
LED conditlon over all subjscts and durations was
2.7 letters, but in the HFD condition it was 5.2
letters « meaxly twice as much. It has already
been shown that no form of supplementation can affect
these scores. The LFD and HFD conditions differed
only in the subject’s prior experience of the words.
There can therefore be no doubt that in this
experiment the number of stimulus letters contralling
word recognition was greatly affected by the subjects

prior experience with the presented words,

The conditions of this experiment differ in
important ways from those of previocus experiments
in this area., Before attempting to use the present
results in explanation of the commonly cbhserved
effects of prior experience, it is necessary to
consider whether the phenomena observed are likely
to have been affected by these differences. The
three most obvious differences concern the display
sequence, the type of response, and the priox
BXperience. |

1. The display seguence was different In that

two displays were involwed, dnstead of one,

Preliminary experiments have shown, hawever,
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that the second word can bs omitfed in the
HFD condition with little effect on
performance. AlL that is necessary is

for the subkject to know with which word
he must compare the brief display. 1t

ig therefore unlikely that stimualus
component facilitation is limited to

double display situations,

The type of response differed in that

the subject had ko say 'Same' or
‘Different!, and was never reguired to

say the displaved word. But as the subiject
knew the comparator word he ¢ould easily
have heen asked to name it jdinstsad of
saying "Same’, and to attempt reproduction
of the variant word instead of saving
'Different', It seems unlikely that so
mineor a change in proceduare would ramove
the incrsased dsgres of stimulus control
oyver performance. This is confizmed in
experiment 5 where HFD and LFPI performances
are compared under conditions involving

identical forms of response.

The differences in the prior experiences
seem to be the only ocnes likely to affect
the results., Conditions of optimum
readivuess have noat been used in most
previous experiments., It is therefore
important to know to what extent the results

of this experiment depend upon it. This



is the problem with which the next two

experiments are concsrned,

In addition te the task of determining the range
af conditions under which prior experience affects
the stigulus component, there is the equally
important task of determining the mechanism of the
effect when it does ocour, The only way in which
the transmission sequence can be made more efficient
is by the reduction of information less, and the
reduction of loss, due to word familiasrity, must
result from some kind of interaction between the
input and a stored representation (ov trace) of the
familiar word. Interaction between trace and input
is of course common knowledge. What these resulis
show, in additicon, is that this interaction can lead
to a decrsase in dinforpation ivss, The daporxrbtant
point is not simply that an dnecrease in fransmission
afficiency due to an ionput-trace interactlion can
aoour, This is obvious in cases invelving large lnput
jonds, For instance, consider a2 person listening to
a long poem with which he is highly familiar., He
could easily repraduce the whole of what was salid.
If a randomly selscted word were changed he would
usually notice 1t and could withhold reproduction.
This would demonstratve that when the poesm is read
correctly he reproduces what he hesrd, and not what
{(at the time of reproduction} he guesses himself to
have heard., His performance would be very different
it the poem was unknown to him, for then he would

never give a carrect reproduction from a single
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presentation, The dmpoxtant point made by the results
of the present experiment is that input-trace
interaction can also produce an increase in
transmission efficiency when the input is only one

word, and the storage time only 2 few ssconds,

The wvaricus phases in which information loss
might be reduced are read-out, storage., and use,
The next three sectlions consider sach poessibility in
turn. Two preliminary considerations suggest that
redyuctilon in leoss st read-out wmight be the mors
important, In the first place, there seems to be no
information loss during storage in the LFD conditioun.
If there was, performance would be expscted to
improve with decreases in the interval betwsen targset
and comparator words. BEvidence that this is not
the case has already been mentioned (Section 4.2).
In the second place, information loss during use,
at least in the LPI condition, seems unlikely.

Reagons foxr this view were given sarlier.

5.4.2 Prior experience and readeout

It was argned at the beginning of this chapter
that duration-sensitive performancs shows the nomber
of letters read out. This performance has mow been
shown to vary with the subjecis prior sxperience of
the displayed words. Good grounds therefore exist
for concluding that read-ocut varies with word
familiarity. Before it can be assumed that fthis
conclusion is established, however, an important

objection mast be considered. The objectiomn is that



138

there are two aspects of the results that weaken the
claim that LFD performance at the short durations
shows the munber of letters read out, First, the
claim was, in parit, based on the sensitivity of
performance to display duration, and LFD performance
was far less sensitive to duration changes than
either HFD oxr [FI performance, Second, LFD
performance was worse than LFIT performance. This
tinding will be discussed more fully in Section 5.4.4.
Its relevance here is that it strongly indicates,
contrary to #arlier assumptions, that sowme Information
loss in the LFD condition occurs during utilization,
The LFI and LFD conditions differ only in the way

in which the information is used, and this difference
involves a longer storage time in the LFT conditiong
recognition responses were completed within about

49 seconds in the LFI condition, but within about

3 seconds in the LFD condition. The difference in
performancs thus ipdicates that some information

loss in the LPFD condifion occurs during comparison
with the comparator word. I this is so then the
superiority of HFD over LFD performance might result
from a reduction of this less and not from a

reduction of loss during read-out.

The above aobjectilon is sound, but it can be met
by the comparison of HFD with LFI performance, LFI
performance was shown to be highly sensitive to
duration and there is no evidence in this case of
information loss during utilization. As scoring

differs in LFI and HFD conditiens it is necesgary s
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consider whether the observed difference between them
is merely a scoring arvtifact., It can be shown
mathematically that if whole letters are read ocut then
the two scowres are sguivalent, but that if only parts
of letters are read out the discrimination score will
be greater. It might therefore be claimed that read-
out in HFD and LFI conditions dis the same, but is

enly of parts of letters, thus producing an apparent
difference, There ave three good reasons for

rejecting this claim:

1. If it were true then LFD performance would
e better than LFI performance, but in fact

it iz worse.

Z. There is good evidence that read-out is
predominantly in leftters, not lsiter parts.
FPor instance, there is much evidence that
read-ont involves transformation of the
letters into their acoustic equivaients
{Conrad, 1964; Sperling, 1963). This conld
nardly be so if read-out was of letter

parts.

3. It the supericority of HFD over LFD
performance was dus to the differences
in scoring it would be independent of
letter position, because the scoring
differences do not depend upon letiter
position. Xt will be shown in Chapter B
that HFD supericrity is in fact highly

dependent upon letter position.



The outcome of the above arguments is that
experiment 2 provides very strong evidence that the
amount read out from a briefly avallable visual
display depends upon the familiarity of the displayed

material,

This comclusion, if correct, carrvies important
implications for the nature of information processing
in word recognition, It might seem to carry the
paradoxical dimplication that the subject must first
'see’ the word in order to know how wuch of it to
'seaet, A similar problem, known as the problem of
the pre-perceiver, has of course been much diseoussed
in conmnection with the phencmena of pearceptual
defence, Here, the paradox rests upon the widely
held assumption that the input 1s categorized as
a particular word only after read-out (see, for
instance, DBroadbent, 19613). If the word is classified
as familiar only aftesr read-out, then how can read-
out be affected by word familiarity? The following
arguments show that the only possible answer to
this guestion is inadequate to account for the reéults

of the present experiment.

If it is enly by the letters read out that the
word 1is categorized as familiar, then familiarity
can affect read-cout in only one way; and that is by
changing the read-out rate of later letters on the
basis of the identity of letters read out eariier.
Por example, wmead-out rate could dncrease if letters
already read out wexe part of a familiar word. Now

it can be secen that an effect of this kind canmot
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account for the results of experiment 2, In the [irst
place, HED read-~out is four letters at durations at
which LFIL read-out is only twe letters. ILf the effect
of familiarity were based on ths identity of just ftwo
letters it would generalize to nearly all words, and
thus leave little or no difference between familiar
and urnfamiliar words, In the second place, with an
effect of this kind the difference in performance
between familiar and unfamiliar words would increase
with the number of letters read out {because this
would inerease the probability of differentiation
betwesn familiar and unfamiliar words). If this

were the case the difference between HFD and LFI
conditions would increase with duration, But it was
seen in the analysis of variance summarized in

Table 6 that the condition X duration interaction

term did not even approach significance.

On the assumptlon that word classification
oocours only after read-—osut, therefore, the observed
effects ol familiarity on read-out are not possible.
Thus, if thesge arguments are correct, the assumption
must be wrong, and classification occcuors before

read-oul .

It is dmportant to nobe that this classification
camnot be a matter of differentiating hetween familiaw
and unfamiliar words on the basis of Iimited
properties of the input, The familiar and uwnfamiiiar
words in this expepriment were of homogenous structurs,
as all were CVCVOVO's, Furthermors, the familiar and

unfamiliar words were formed by random sampiing from
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this population of homogeneously structured words.

The input muost therefore he classified as a particular
word, before it can be treatsed as familiar or not.

Ag all words werse printed in capitals this
classification cannot be based upon ‘genexal word
outline' {see Section 1.2,1), but must involve the

use of letter identity.

These gonsiderations show the importance of
the distinction between the task of classifying the
sensory input and the task of storing information
telling which classifications have been made. If
read=-out is assaciated with the task of storage
and not with the task of classifying, the problem
of the pre-perceiver disappears. For sufficiently
familiar words the sensorxy input is classified as s
particular word, and that single classification 1is
then read out. For unfamilisr words ne ready-made
classification is avallable. Each part of the
stimilus is separately classified as a particular
letter, and each »f these classifications are then
read out. Thus, if the amount read out in a4 given
time is limited to a certaln numbexr of classifications
the information loss due to thess limitations will
be rediced 1if read-out is of classificatiens at the

word lsavel.

This interpretation of the dependence of
duration-sensitive performance on familiarity has
arrived at what is sssentially thes ‘whole-ward' theory

of Woodworth and James McKeen Catitell {see Sectian
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1.2,1}, 1If the interpretation is wvalid, the results

of experiment 2 show this theory to be correct.

5.4.3 Prior experience and storage

The longest presentation durations in this
experiment were included on the grounds that
performance at such durations shows storage
limitations, Performance at these durations was
much better under high than under low familiarity
conditions. As stated in the previous section there
are grounds for suspecting that some Information
loss in The LPD condition might occur during
utilization. But again the difficulty can he met
by comparing HFD and LPI performence; and again this
comparison shows performance with highly familiar
material to be superior. Experiment 2 therefore
indicates that the information loss during storage
is less for familliar than for unfamiliayr material.
This conclusion is in agreement with that of Lachuan
and Tuttle {1965}, who studied the memory of
paragraphs aspproximating English to varyving degrees,

using a method of *successive binary recognition'.

If this conclusion is correct it is easily
explained by the whole-word theory., The avoidance
of storage limitations is a2 natural consequernce
of having only one classification to remember. A
pnssible objection to this explanation is that if
it were correct HFD performance should rise rapidly
to seven letters, which it did not, There are two

replies to this objection., First, the levelling-off
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of HFD? performance at leass than 7 letters could
easily be a celling effect; second it is possible
that there are other limitations, perhaps in
resolution or in read-out processes, which are
ohservable only when storage limitations are

removed, Some evidence yelevant to these problems

is provided by experiment 5, in which HPFD performance

with higher input lovads is studied,

5.4,k The effect of the task on performance

In both LFT and LFD conditions the subject muist
see and remember as many letters as possible of an
unfamiliar word, The conditions differ in that in
one case he writes the letters down and in the other
he uses them for comparison with ansther word. LFIL
performance was superior to LFD performance. For twoe

reasons this 1is a surprising result:

1. The duration for which information needs to
be stored is much less in the LFD condition.
The LFD response ragquired, on average,
about 3 seconds; the LFI responses

required, on average, about 9 seconds.

2, The methods of identification and
disorimination used here are very similar
to the traditional metheds of recall and
recognition respectively., Experiments
comparing retention using the latter two
measures have consistently shown recoganition
scores to be higher than recall scores

(Luh, 1922; Postman and Rau, 1957).



As the LFI and LFD conditions differ
predominantly in the way in which the information
obtained aboubt the stimulus is used, 1t gseems wmosk
likely that the additional loss of dnformation in
the LFD condition oceurs duaying the comparison
process. It dis not easy Lo see why comparison
should cause dinformation loss. However what this
result does show is that the perceptual systbems
catinot be assumed to provide a kind of general
purpose information which can be used egually well
for any task. The degree to which the task itselfl
causes information loss in addition to that occurring
in other ways probably varies greatly from task to
task, and might often be negligible., Nevertheless,
the LFI-LFD difference certainly urges caution in

the interpretation of tachistoscoplic experimentis.

2.5 Summary
The two most important copclusiocns of expariment

2 were:

l: The nmumber of letters in the stimulus
component of word recognition perlormance
depends upon the subject's prior experience
of the displayved words. The evidence for
this conclusion was the superiocrity of thse

HED performance over LFD performance.

2, The number of letters read out depends upon
the subjectis prior experience of the
displaved words. The evidence for this

conclusion was the superiority of duratione
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sensitive HFD performance over both LF¥FD
and LFI performance., It was argued that
this result confirms the ‘'whole-word?

theory of Woodworth amd Cattell.
subsidiary conclusions were:

The mumber of letters which can be
effectively stored until utilization
depends upon the subject's prior expsrience
of the displayed words, This conclusion
was based on the superiority of HFD
performance over hoth LT and LED
performance at the longest display
durations used. It was noted that this
result is easily explained in terms of

the ‘whole-word' theory.

More letters of low familiarity words can
be written down than can be used for
comparison with another word, It was
argued that this probably indicates a
loss of stored information during the
comparisocn process, but no further

explanation wasg offersd,
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CHAPTER &

EXPERIMENT 3: THE DEPENDENCE OF WORD DISCRIMINATTON
ON THE DURATION OF PRYOR EXPERIENCE
AND ON THE EKNOWLEDGE OF THE VARTANT WORDS

6.1 Introduction

Experiments such as those of Goldiamond and
Hawkins (1938) and of Spence (1963), have shown that
prior experlence affects the supplementary coumponent.
Experiment 2 has shown that prior experience affects
the stimulus component. However the generality of
the two kinds of effects is unknown, and it is still
possible that the many phenomena described in
Section 1.1 are predominantly due to one kind of effect
rather than the other., ¥What is now required is a
closer examination of the conditions on which the

effects depend.

It was argued earlier that the potentially
important differences between experiment 2 and the
common types of word recognition situations concern
the mature of the prior experience, The optimum
readiness established in experiment 2 does occur in
other situations but probably not often. The present
experiment and the next, therefeore, attempt to
determine whether effects like those found in
experiment 2 can occur with less optimum but more
general types of readiness. The present experiment

is concerned with two aspects of the prior experience:
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its duration, and its comtent (i.e. the words of which

it gives the subject knowledge),

6.1.1 The duration of prior experience

The amount of prior experience is clearly of
great importance. Besearch has often shown this to
e &0, but, surprisingly, the aspect of prior
experience whose amount is important has not vyet
been identified. The amount of prior experience is
usually measured in terms of freguency, of which the
two major forms are the Thorndike~Lorge frequency,
and the experimentally controlled presentation
frequency. The relative freguencies with which words
oceur in popular publications - estimated by Thorndike
and Lorge (1944) - is one of the most all-embracing
independent wvariables in psychology. It must be
correlated with nearly every aspect of prior
experience, UUse of the Thorndike-Lorge freguency
can show performance to depend on the amount of
something, but it cannot show what that somsthing is.,
Experimentally controlled presentation freguency
greatly reduces but does not remove the difficulty.
In the first place it dis hard to determine what a
presentation is, and in the second place no cogent
arguments are anywhere presented to support the claim
that freguency is the orucial characteristic, rather
than the variables with which it tends to be associated.

Ammons (1954) has noted that one such variable is
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total exposure duration. This tends to be associated
with frequency, and might a priori be the more

impertant.

If the critical guantitative aspects of prior
experience were known, deteprmination of their relation
to effects on the stimulus component would completely
resolve this part of the generality issue. This is
not pessible, and the present experiment atteoempts
only to determine whether prior experience can affect
the stipulus component when pregentation frequency
is reduced to 1, and exposure duration to just a few

secnnds.

The method involved a simple modification of
the LFD condition of experiment 2. The required
amount of prior experience was achieved by displaving
the comparator word before, as well as after., the
target word, There were three conditions: the 11
second conditlion, in which the comparator word was
shown for 171 seconds before the brief display; the
1 second condition in which it was shown for 1 second;
and the O second condition in which it was not shown

at all before the brief display.

In the last chapter it was argued that the prior
experience given in the HFD condition enmabled the
input to be recoded in terms of the familiar words
hefore read-out, If this is so it is of great
lanterest to discover the conditions on which this
recoding depends. It dis of particular importance

to determine now familiar the words must be bhefore
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such recoding is possible, and the present experiment
contributes some evidence relevant to this question.

Lt is possible that sufficlent familiarity is
established omce the ward is accurately known to the
subject, If this were the case, then performance

under the 11 second condition would be as good 485

that under the HFD condition, but performance under

the 1 second condition wounld be worse, This is

because 11 seconds is sufficient to establish accurate

knowledge but 1 second is not.

6.1,2 Knowledge of the variant words

In experiment 2 the subjects learned the variant
words in addition to the comparator words. In the
present experiment the subjects were given no prior
knmowledge of the variant words, and it therefore
provides a test of the necessity of such knowledge to

the effect of prior experience,

This aspect of prior experience ig important
both with respect to the mechanisms of transmission
facilitation, and with respect to their generality.
It is relevant to the mechaunisms of transmission
facilitation because we do not vet know what relations
bhetween the input and the familiar word ars computed
and uscd., It might be that the ianput is related to
the representation of the familiar word in such a way
as to extract only the relation of identity and not
the relation of difference, On the other hand it
might be that both the relation of identity and the

relation of difference are extracted. In other words,
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it could be that oniy identity relations are computed
and used, or it could be that both identity and
difference relations are computed and used., The first
possibility implies that prior experience will not
affect performance when, as in the present experiment, .
it provides familiarity only with the comparator woxrds,
When both the wvariant and the comparator words are
known, =zs in the HFD condition, all read-out can be

of ddentity relations:; but when, as in the present
experiment, only the comparator words are known,
read-out mist also be of difference relations. Thus,
if only identity rslations can be computed the el fectys
of prior experience in the present experiment will

either he small or absent.

Knowledge of the wvariant words is relevant to
the problem of generality, because knowledge of all
the words shown is common but not umiversal. In
addition, knowledge of variants has the consequence
that the subject knows that one of the only two
letters is possible at each letter position, If this
were & necessary condition for the effect of prior
experience to occur it would clearly be an important

regstriction.

6.2 Method
6.2,1 Outline

Word discrimination undesr three conditions of
prior experience was studied using the method of
random changes., In all three conditions the basic

display sequence was that used in the LFD condition of
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experiment 2, and shown diagrammatically in Figure 5,
Chapter 4. In the 11 second condition the comparator
word was first displayed in the tachistoscope for 11
seconds,. At the end of the 11 seconds it was replaced
by the noise field, The subject then prepared
himself to receive the target word and triggered its
displey when he was ready. 7The comparator word
returned to the screen 400 milliseconds after the
aoff'set of the target word. It remained on the screen
for four seconds, during which time the subject said
either *3ame! or !'Different!, Five seconds after

the offset of the comparator word, the next
comparator word appeared on the screen for 11 seconds,
and the whole sequence was repeated 10 times. For
each discrimination a new comparator word was used.
The subjects were requested to learn the comparator
word as well as they could during its 11 second
presentation but without writing or saying it. In
the 1 second condition the comparator word was shown
prior to the target word for 1 second, instead of

for 11 seconds. In all other respects the display
sequence was the same as for the 11 zecond condition.
The O second condition differed from the other two
cenly in the omission of any prior presemcation of the
comparator word. This condition was therefore very

much the same as the LFD condition of experiment 2.,

To display duration of the target words was
always 100 milliseconds. This value was chosen as
beingz the most likely fto provide a task of moderate

diffienlty for all subjects.
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6.2,2 Design

The performance of 12 subjects was measursd under
each of the three conditions, The design was
therefore a, 3 X 12, factorial design., The control
for serial and order effects was very similar to that
of experiment 2. Firstly, practice was given prior
to thé experimental measurements. Secondly, the
treatments were given in a counter-~balanced order
across subjects; each possible order occurred for
exactly two subjects. And thirdly, the arder in which
conditions were presented to each subject, was a
triple replication of a balanced design (that is
ABCCBA, ABCUBA,ABCCBA) .

6.2.3 Procedure and instructions

Each subject was tested in a single session. The
session began with about 10 minutes practice, in which
the subject hecame acquainted with each of the
experimental conditions. TFull instructions were given
during this practice period., The dinstruction protocol
used was the same as that of experiment 2, except that

Sections 5 and & were replaced by the following:

Bescribe the O second, 1 second, and 11 seconds
conditions. Ask the subject to learn the
comparator words as well as possible during
their 1 or 11 seconds presentations. Give

at least five trial runs under each condition.

For the sxperimental measurements, 10 trials were given
under the first condition, 10 under the second, and

10 under the third, The order of the conditions was
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then reversed and another three blocks of 10
discriminations made. This whole procedure was
repeated three times, providing 60 discriminations
under each condition for each subject. Each subject
therefore saw 180 different pairs of words. The same
180 pairs of words were used for all subjects, each
word occurring under each condition for exactly

four subjects., After each set of 30 discriminations
the subject was told how many were correct out of

the 30, but was not told on which trials the errors

had ocoecurred.

€.2.4 Subjects

The subjects were 12 psychology undergraduates
acting as unpaid subjects to fulfil part of their
course requirements. Their ages ranged from 16
to 28 years. Seven were female and five were male.

None had been used in the previous experiments.

£.3 Results

The total numbers of correct and incorrect
responses for each subject and condition are given
in Table 1 Appendix 3. The separate totals Ffor
'same' and 'different'! trials are given in Tables 2
and 3 of Appendix 3. These results are analyzed
in terms of the z scores and in terms of the

proportions of correct responses,
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6.%.1 Letter discrimination scores

The numbers of letters discriminated by sach
subject upder each condition were calculated from
the results gilven in Tebles 2 and 3 of Appendix 3.

These are shown in Table 1.

TABLE 1: LETTER DISCRIMINATION PERFORMANCE

PRIOR EXPERIENCE OF COMPARATOR WORD
(in seconds)
0 1 11
SUBJECT

1. 3.4 .7 5.5
2, 3.2 3.2 2.4
3. 2,8 3.2 3.1
%, 1.7 ok .8
5. 3,0 4,1 hes
6. 6 3.6 4.0
7 6.2 7.0 6.1
8. 3.3 U 3.9
G, 4.0 5.0 hol
10, 2.9 3.9 2.1
11. 2,7 2,2 0,0
12, 3.2 5.1 Lo b
MEANS 3.1 h,2 Bk

Letter discrimination scores averaged over sll subjecis
and conditions was 4,6 letters, which is about half of
the word, No subject scored U or 7 under all conditions.

Together these results indicate that a 100 milliseconds
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duration for the brief display dis an acceptable value
for the testing of groups of individuals at a single

duration.

A4 two way analysis of variance was performed on
the letter discrimination scores. The results of this

analysls are summarized in Table 2,

TABLE 2: SUMMARY OF ANALYSIS OF VARTANCE PERFORMED ON
LETTER DISCRIMINATION SCORES

SOURCE OF | BUM OF DEGREES OF MEAN F P
VARTATION | SQUARES FREEDOM SQUARE

Learning

Time 749 2 3.75 b4 «.05
Subjects 52.82 11 4,80

Learning

Time X

Subjects 18.64 22 L85

Total T8.95 35

The significance of the conditions effect justifies a
more detaliled analysis. The critical differsnce for
comparisons between individual means, calculated in
the manner described by Lindquist (1935, p.165.166},
is .78 letters. Using this value it can be seen from
tlie mean 2 scores given in Table 1 that the number of
letters discrimipated is significantly raised by 1
second of prior experience, but not by 11 seconds of
prior experience, and that it is significantly greater

under the 1 second than under the 11 second condition.
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As only a single brief duration was used, these
results do not show directly how the improvement under
the 1 second condition was divided between duration-
sensitive aml duration-insensitive performance.
However, an indication may be obtained by comparing
the results of the subjects scoring least under the O
second condition with those scoring most., For those
scoring least, performance is more likely o be at the
duratioen~-sensitive stage, and for those scoring most
it is more likely to be at the duration-insensitive
stage. The subjects were therefore divided into two
groups according to whether thev scored above oxr
below the mean on the 0 second condition. The means
for those two groups under the 0 second and 1 second
condition are shown in Table 3. Dividirng the results
in this fashion confounds poorer subjects with
duration-~sensitive performance, The difference
between the two groups may thus be due to a greater
effect of prior experience with poorer subjects,
This, however, is unlikely in wview of the fact that
experiment Z found subject x condition interaction to

be smwall and insignificant.

TABLE 3: MEAN LETTER DISCRIMINATION PERFORMANCE

FPRIOR EXPERTENCE TH SECONDS

O L
Subjects scoring bel owl
mean on O second
condition 2.1 3.5

Subjects scoring above
mean on O second
condition 3.8 4.7
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These results therefore suggest that the effect of

i seconds prior experience is at least as great on

duration=sensitive performance as it is on duration-

insensitive performance.,

6.%,2

Numbers and proportions of corresct and

incorrect responses

Table 4 shows the numbers of correct and incorrect

respounses summed over 12 subjects for each condition,

and Table 5 the proportion of correct responses,

TABLE 4

NUMBERS OF CORRECT AND TINCORRECT RESPONSES

{SUMMED OVER ALL SUBJECTS)

FRIOR EXPERIENCE OF BASIC DISPLAY IN SECONDS

0 1 11
C Ine In- in~
Carrvect correct Correct correct Correct correct

tdifferent!

trizls 186 118 202 102 171 133
tsame?

trials 240 104 294 50 296 48
Total 426 222 hyd 15z hé7 181
TABLE 5: PROPORTIONS OF CORRECT RESPONSE

(ALL SUBJECTS COMBINED)

PRIOR EXPERIENCE IN SECONDS

0 1 11
‘different! trials 612 664 + 563
Eormed >, | Yy
ok 0, O Yoo
& {>.1) ¥
tsame! trials 698 .855 . B60U

Q601}““—}H>¢%}“m@

T B I
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The wvalues in brackets in Table 5 are the probabilities
that the indicated differences would cccur by chance
{calculated using the Normal approximation to the
Binomial distribution), This analysis confirms the
conclusion that 1 second or prior experience increasad
the number of letters discriminated. In addition, it
shows that although 11 seconds of prior expesrience

may not have increased the nusmber of letters
discriminated it did affect performance by raising g
(the probability that the subject says 'Same! on
‘same! trials), This did not lead to a significant
increase in the wvalue of =z, however, because the

probability s also dincreased.

6.4 Discussion

This experiment was concerned with the generality
of the effect of prior expsrience on the stimuius
component. The primary aim was to discover whether
a graat deal of learning, and a knowledge of the
variant words, are essential to the effect. The
results show that neither are necessary. However, as
the effect did not occur in the 11 seccnd cendition
the resulis are most equivocal with regard te its
generality,., Together, the results of experiment 2
and 3, suggest the possibility that prior experience
will =zmot affect the stimulus component if it makes
the subject highly famililar with the comparator words
but net with the variants. As prior experience of
this kind is very common, this possibility was

investigated by experiment 4, which is reported in
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the next chapter., Further discussion of the generality
issue 1s therefore postponed until the results of tihis

investigation bave been described.

The remainder of this discussion deals with a
number of subsidiary issues arising from the resulis

of the present experiment.

Hetter performance after 1 second than after 11
seconds of prior experience is a swprising result,
Unless it is replicated, no extensive theoretical
inference should be drawn froem it. The surprising
nature of this result may be reduced, however, when
it is noticed that performance under the two conditions
would give rise to nearly equal thresholds scores.
Threshold measurements depend only upon (iaeg upon
the probakility that the subject says the learned
word when the learned woxrd is displaved). These two
probahbilities were wvery unearly egual - 855 after 1
second and .860 after 11 seconds -~ so threshold
meagures would also be very nearly equal. The
difference in the = scores tells us that the equality
thresholds would show is only apparent, and results
from higher guessing rates iu the 11 second comdition,
and higher letter discrimination rates inm the 1 second
condition,

This result emphasizes the difficulty of
interpreting experiments which do not separate
stimalus and supplene ntary cowmponents. For instance,
Mooney (1958) studied the recognition of complex
novel wisual configurations after varying amounts

of prior experience. Recognition scores obtained
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after 10 seconds of prior visual exposure to the shape
were Tound to be the same as those obtained after less

than 1 second of prior exzposure.

Mooney assumed that the equality indicated equality
of stimalus discrimination. He concluded that the
perceptual learning concerned with novel visual
configurations was independent of exposure duration,
This conclusion is unjustified, however, because the
recognition scores used allowed no adequate correction
for guessing. Mooney's experiment and the present one
are similar in that both find equality of uncorrected
recognition scores after short and long periods of
prior exposure, The results of the present experiment,
however, show that this camneot be agsumed to indicate

eguality of stimilus discrimination,

It is net known why the 11 second condition failed
to dnerease letter discrimination performance. 0OFf the
many possible explanations only three will be
mentioned, First, there is the possibility that the
result was an artifact of the experimental procedurae.
It might be that looking at a word for 11 seconds
regults in some temporary fatigue which reduces
performance in the following few seconds, But as all
condi tions were well interspersed this possibility
seems unlikely. It is also unlikely in view of the
fact that, in all conditions, the subjects themselves
triggered the brief display when they felt that they
were ready. Second, because the frequency of the
response 'Same!, on 'different’ trials, increased

with learning duration the result might be described
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as due to an increase in the competitive properiiss of
the comparator word. This explanation predicts that
an increase in learning durations beyvond 11 seconds
would edither worsen performance or not affect it, A
test of this prediction is provided by experiment h,
Pinally, there is a possiblility arising out of the
claim, made by some subjects, that the 1 second
condition is sasiexr than the 11 second conditieon,
hecanse, being of short duration, the prior exposure
is more like the brief display, and thus is easier to
discriminate from it. This suggests that some visual
processing, changing the appearance of the display

in subtle ways, may take longer than a second. The
possibility that practice with byrief displays is
better for the discriwmination of brief displays is
therefore an interesting one, and merits further

investigation.

The results also suggest that the crucial
guantitative aspect of prior experience is neithsr
presentation frequency nor exposure daration, 1T
frequency were the crucial aspect, the 1 second and
11 second conditions should produce the same
performance, as in both cases the presentation
freguency is ¥. If duration were the crucisl aspect
an inecrease in duration would net be szxpected to

produce a decrease in performance.

One thing ls made clear by the failure of 11
seconds of prior experience to raise performance

above the O second condition; knowing the comparator
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word, and being ready to use it, are not sufficient
to reduce Anformation loss during transmission., This
is an important rTesult. It shows that the superior
performance in the HPD condition oof experiment 2 is
not simply due to the subject knowing the comparator
word and belng ready to use it, but to processes of
development by priocr experience that extend beyond

the formation of accurate representations.
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CHAPTER 7

EXPERTMEXT 4: THE DEPENDENCE OF WORD DISCRIMINATION
ON THE NUMBER OF ALTERNATIVE COMPARATOR WORDS
AND ON THE ENOWLEDGE OF THE VARTANT WORDS

7.1 Introduction

This experiment continues the attempt to determine
how general the effect of prior experience on the
stimalus component is likely to be. Again the interest
centers on the nature of the prior experience. Two
aspects were studied: the number of alternative
comparator words, and the knowledge of the variant

words .

7.1.1 The number of alternative cowpavrator words

The prior experience given in experiments 2 and 3
prepared the subject for a single comparator word.
There are some experimental and everyday situations in
which the subject is prepared for a single word, but
there are many more in which he is prepared Tfor one of
a number of alternatives. In view of this it is
important to know whether or not the sffect of prior
experience on the stimulus component depends upon the

subject being prepared for a single comparator word.

Ferformance of many kinds has of course been shown
to vary with the number of alternative stimuli. For
word recognition such an effect was shown by Postman
and Bruner {(1949). They found that recognition

thresholds were higher when subjects were told that
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the displayed word would be either a colour name o a
feod name, than when they were told it would be a
colour name. However, a similar experiment by
Freeman and Engler {1955) Tailed to show any
difference between these dual and single sets.

Brown and Skinner (1964) provide evidence that these
different outcomes were due to Postman and Bruner
displaying two words on each trial and Freeman and
Engler oniy one. In the present experiment only one
word per display was used., Independence bestween
performance and the number of alternatives may thersfore
be expected on the basis of Brown and Skinnerts
finding., This expectation cannot be strong, however,
as the separation of stimulus and supplementary
components may well show effects that were previously

concealed.

7.1.2 Enowledge of the variant words

The relevance of this aspect of prior experience
ta the problem of generality was noted in the
introduction to experiment 3. As the resulits of that
experiment were squiveocal, it is dimportant to know
whether knowledge of the variant words is essential
to the effect of prior experience on the stimulus

component when the comparator word is highly famiiiar.

In experiment 3 the stimulus component was found
to decrease with an increase in the amount of prior
gxperience of the comparator word, dus to an increase
in s (the probability of the subject saying ‘3Same! on
*different! trials)., A4s already mentioned, this

result suggests the ocourrence of competitive
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processes, and is to some extent in keeping with the
theories based on competition. These theories
predict that the value of s will not decrease when
greater amounts of prior experience are given, and

may aven inecrease,

7.2 Method

7:2.1 Outline

Word discrimination was studied under three
conditions. In the first the subject was ready for
a single highly familiar comparator wordf In the
second he was ready for any one of four highly familiar
comparator words., In the third condition he knew only
that the comparator word would be a CVCVOVE., In all
three conditions the display sequence was exactly the
same as in the LFD condition of experiment 2. The
three conditions may best be designated by the number
of altemative comparator words which were possible
on each trial; that is, as the 1 condition, the 4
condition, and the 2 X 107 condition, The 1 condition
was very similar to the HFD condition of experdment 2.
The subject always knew which word was to be the
comparator werd, and all were highly familiar to him,
This condition difiters from the HFD condition in that
the subject was given no prior expverience of the
variant words. The words displayed on 'different?
trials were therefore words never seen hefore. In
the h condition the comparator word on each trial was
randomly seleated from 4 different, highiy familiar,

words, The subject always knew what these &4 words



werg. Apsrt from the mumber of alternative comparabor
words possible, condition 4 was the same as condition
1. The 2 X LO? condition was the LFD condition of
experiment 1 again. The comparator words were
randomly selected from all possible CVCVCOVCYs, and

none were familiar o the subject.

Twelve subjects were tested under each of these
conditions. A single display duration was used for
the target word; as in the last experiment this was

100 milliseconds.

The experimental design was again a, 3 X 12,
design. Serial and order effects were controlled as
in the previous experiments, except that a balanced
design within subjects was not used. In partial
compensation for this, a longer practice period was
given., Again, conditions were glven in a countel-
balanced order across subjects. DRach possible order
of the three conditions occurred for exactly two

subjects,

Y.2.3 Procedures snd dnstructions

One session, lasting about 1% hours, was required
per subject, The sessions began with at least 15
minutes practice, in which the displayved words were
selected as in the 2 X 10? condition.

The experimental trials for sach condition were

given in a single block, with 40 discriminations pex

condition. Thess were divided intce four sets of 10

16

~

4
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discriminations. PEvery set of 10 discriminations was
preceded by four brief displays which, in the 1 and

It conditions, reminded subjects of the comparator
words to be prepared for, In the 1 condition a
different comparator word was used for each set. In
the It condition the same 4 words were used in each

set, selection from these being random,

For each subject the comparator words used in
the 1 condition were also those used in the %4
condition., A new set of words was used for each
subject. Fach subject was given his four comparator
words at least a day before the experiment and
regquested to learn them. For the 2 X i07 conddition
40 comparator words were required per subject, and

for each subject a new set of 40 was used,.

Instructions were given during the practice
gession according to the protocol given in Section
5.2.3, except that sections 5 and 6 were omitted and

the fTollowing added:

At the start of the 1 condition tell subject

that onse comparator word will be used in sach
set of 10 discriminations, and that the one to
be used will be shown to hdm Tour itimes at the

heginning of each set,

At the start of the 4 condition tell subject
that on every trial fthe comparsator word will
be randomly selected from the four he has
learned, and that to remind him of this the
four words will be shown once each at the

beginning of each set,
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At the start of the 2 X 10? condition tell
subject that the comparator words will be
randomly selected from all possible CVCVCVC'!s.
Tell him that the word shown briefly four
times at the heginning of each setf is
irrelevant to the experiment and is included

only for contrel purposes.

7.2.4 Zubjects

The subjects were 12 psychology undergraduates,
acting as unpaid subjects in partial fulfilment of
their course regquirements. Their ages ranged from
18 to about 36 years. Six were male, and six were

female, Nome had been used in previous experiments.

7.3 Reszults

The number of correct and incorrect responses
for each subject and condition are given in Table 1
of Appendix li. The separate totals for 'same! and
tdifferent' trials are given in Tables 2 and 7} of
Appendix 4. These results are analyzed in terms of
letter discrimination performance and in terms of

the proportions of correct responses,

7.3.,1 Letter discrimination performance

The number of letters discriminated by each
sub ject under each condition were calculated from
the results given in Tables 2 and 3 of Appendix %

and are given in Table 1.
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TABLE 1: LEPIER DISCRIMINATION PERFORMANCE

NUMBER OF ALTERNATIVE COMPARATOR WORDS

SUBJECT |- 2 x 107 k 1
1 2.9 5.k 4,8

z 0.0 6,0 6.5

3 5.3 3.9 6.2

i 2.0 6.2 5.2

5 b3 6.1 6.6

é 0.3 9.0 2.6
7 5.0 6.0 5.4

8 1.6 3.2 4.0

G 6.5 4,7 6.2
10 3.4 5.7 6.6
11 h,5 5.5 3.5
12 Gh.1 Lh.9g 6.2
MEANS .4 4.8 563

Again the unse of a2 =ingle display duration of 100
milliseconds {with pre-stimulus and post-stimulius
noise fields) is seen to be reasomably satisfactory.
No subject always saw all of the word, and no subjsct

always saw none of the word,

To determine whether the differsnces in letter
discerimination scores under the different conditions
were significant an analysis of variance was performsd.

The results of this analysis are given in Table 2.
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TAPLE 2: SUMMARY OF ANALYSTS OF VARIANCE PERFORMEL ON
LETTER DBISCRIMINATION SCORES

SOURCE  OF UM DEGREES  MEAN

P

VARTATION ar oF SQUARE ¥

SQUARES  FREEDOM
Prior knowledgel 23.6 2 11.8 6.9 <. 01
Bubjects 61,72 11 5.6
Prior knowledge
¥ subjects 364 20 1.7
Total 121.2 35

The significance of fthe conditions effect justifies a
more detailed analysis. The critical difference between
any pair of means required for significance at the .05
level on a twoe way t-test is 1.1l. Comparison of the
means of Table I on the basis of this value shows

that performance under both the % and 1 conditious

7

was superior toe that wunder the 2 X 10° condition,
Letter discrimination performance is thus raised by
prior experience of the comparator words alone.
Readiness Tor a single comparater werd is also seen
te be unnmecessary. When the subject was prepared foxr
zny one of four comparator words his performance was
still significantly raised by pricr knowledge of
those words. It is also important to determine
whether performance is worsened if the subject is
prepared for four comparatoyr words rather than just
vne., On this test the differernce between the 1 and
4 conditions does not approach significance.
However, a further examination of this question will

e reported in the next section.



Is the increased performance more likelyv +to be due
to changes in duration-sensitive or in duration-
insensitive performance? An indication is given by
the means of Table 3., These means are again produced
by dividing the 12 subjects dinto two groups: all
those scoring above the mean on the 2 X 107 condition,
and all those scoring below the mean. Table 3 gives

the means for those two groups under each condition.

TABLE 3: MEAN LETTER DISCRIMINATION PERFORMANCE

NUMBER OF ALTERNATIVE
COMPARATOR WOHDS
2 x 107 4 1
Subjects scoring above
mean on 2.107 condition 5,0 5.2 5.7
Subjects scoring below
mean on 2,107 condition 1.9 Lok 5.0

These results indicate that knowledge of the comparator
words improves the performance of subjects

7

discriminating 2 letters on the 2 X 10° condition
more than that of subjects discriminating 5 letters

o the 2 X 10? condition.

7.3.2 Numbers and Proportions of correct and
incorrect responses

Table 4 shows the numbers of correct and incorrect
responses, summed over all subjects, for each condition.
The proporiions of correct responses are given in
Table 5, together with the probability that the

difference bhetween individual pairs of means would
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ocour by chance (astimatad by the Normal approximation
to the Binomial distribution). The dangers in making
inference from multiple comparisons are assumed to be
mitigated by the small prebabilities obtained, and by
the analysis of variance performed on the lettewr
discrimination scores.

TABLE %: NUMBERS OF CORRECT AND INCORRECT RESPONSES

NUMBERS OF ALTERNATIVE COMPARATOR WORDS
2 X 107 A 1
Correct igzreot Correct iﬁzrect Correct ii;ect
f%igggzﬂﬂt' 14k 76 160 34 180 50
*Same! trials] 147 65 203 37 206 20
Total 291 141 363 91 186 70

TABLE 5: PROPORTLONS OF CORRECT RESPONSES

NUMBERS OF ALTERNATIVE COMPARATOR WORDS

2 x 107 4 1
"pifferent' trials 655

. THE 7R
ool 2 O Yy
L C )

¢ S A
"Same' trials ! 845 .912
E—Ad < 0L} ,

et SN e L9 S 4

& { 3
< (€ .01} >

With respect te the comparison between the 2 X l07
condition and the other two condifiions these resulis are
in keeping with the conclusions drawn from the analysis

of wvarianice. These tests make more efficient use of the
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data, however, and unlike the an&iyéis of variance they
indicate a difference between the 4 and 1 conditions.
The significant difference between the values ol g
under these two conditions indicates a difference in
letter discrimination, and not simply a change in
gnessing sirategy. If the difference in the values

of g were due to a difference in guessing rates, the
probability of a correct response on 'different!

trials would be less under the 1 than under the 4
condition. It can be seen from Table % that this was

not the case.

7.3.3 Some comparisons between experiments 3 and 4

Experiments 3 and 4 were performed under very
similar conditions. The procedural differences that
there were, such as the slightly greater number of
discriminations In experiment 3, and the differences
in the form of conitroel for serial effects, are
unlikely to account for the observed differences in
periormance. Comparisorn between the sxperiments
therefore seems reasonable. The gquestion of interest
is whether the greater amount of sxperience of the
comparator word in experiment % produced any greater
increase in performance than the few seconds of
experience in experiment 3. The relevent comparison
is between the 1 seccond condition of experiment 3
and condition 1 of experiment 4. The proportion of
correct responses on 'different! trials after much
learning is significantly greater than the proportion
after 1 second prior experience {P «.0L). The

proportion on 'sawe' trials is significantly greater
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at the 0% level. That this difference is performance
is not due to subject and procedural difference, can be
seen by comparing the conditions of no prior expevience
in the twe experiments; that is, condition 0 of

7

expariment 3 and condition 2 X 10' of experiment %.
The differences in the proportions of correct responssg
between these two conditions are small and do not
appreoach significance. Letter discrimination
performance was therefore better when the comparator
word was highly familisr than when it was seen for

either 1 or 11 seconds.

7.4 Discussion

A rough estimate of the generality of stimulus
component facilitation ds now possible. The effect
of prior experience on the stimulus component does
not depend upon the subject being prepared for only
ona comparator word. It still occurs when the subject
wust be ready to discriminate the display against
any one of a nwnber of possibilities. In addition
the effect deoes not reguire that the variant words
be known. Situastions in which the subject is
prepared for one of a few highly familiar words are
relatively ¢common. In normal reading, for instance,
most words are highly familiar, and both context and
peripheral wvision often limit the number of possible
words. Such situations also arise in experimental
work. Consider, for instance, experiments studying
the effect of built-in rehearsal frequency on
thresholds, such as that of ZSolomon and Postman

(1§52) or experiment 1. In these experiments some
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words become highly familiar, and partial information
from pre-recognition presentations, together with the
rehearsal itself, will often limit the number of
possible words. It is therefore reasonable to suppose
that in a substantial number of situations the stimulus
component of word recognition will depend upon prior
experience. No more precise statement of the degree

off generality is possible because enlyia few values

of learning duration and number of alternative words

have bheenn studied.

In addition to the implications with respect to
generality a few other points emerge Frow experiments
4 and A, These will be discussed in the remainder of

this chapter.

Experiments 3 and O indicate that there mayv be a
range ol exposure duorations over which priocr experience
has little or no effect on the stimalus component, and
that Jarge effecis may oceour only with large amounts
of prisr experience. These indicatinns suggest a
type of Tunetioning which is not unreasonable in view
off the large proportion of stimuli that are met only
onee or twice during a person's lifetime. Tt would
be of little use to process the Iinput in terms of
whether 1t was or was not one of these. Recoding
early in the transmission sequence will only be useful
if performed in terms of stimuli that ocour
frequently. What amount is actually required before
such recoding occurs would be shown by a more
extensive study of the dependence of the stimulus

component on the amcount of prior experience.



The dependeuvce of the stimulus component on the
number of alternastive comparator words 1s a most
important result, becsuse 11 provides a possibie
mechanism for the effects of context and other
variables of fpercepiual set!. It is most likelw
that these variables, on some occasions, alfer the
number of slterpatives for which the subject sets
himself. TIF this is the case, then they also alier
the stimualus coemponent. The results of experiment
therefore provide evidence that at least some of the
many known effecits of such wvardables dinvolve changes

in the stimulus component.

The mechanism of the effect of number of
alternatives is unknown. It might involve effects
on read-out processes, or effects on read-in processes
(i.e. the transformation of the input into the form
in whieh 11t is raaémout). No technigues capable of
settling this issue are at present available. One
experiment which is pogssible, however, is that of
determining how long 1t takes for the input
pProcessing svstems to get dnte the state of readiness
for a single word. That some length of time is
reguired is demonstrated by the difference in
performance between conditions 1 and 4. A brief
display could warn subjects of the relevant
comparator word shortly before presentation of ths
target word. Py varyving the interval between the
warning and target displays the required warning time

counld be determined.
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The prediction of competition theories that, with
no knowledge of the variant words, the probability s is
greater for highly familiar than for unfamiliar words
was olearly not confirmed. The probability s was

instead much swaller for highly familiar words,

The final point is that prior experience affects
the stimulus component even when the variant words
are unknown. Tt appears, therefore, that both
difference and ddentity relations hetween input and
familiar words are computed and used in the processing
of the Input. Whether the identity of the difference
is computed, or only the fact of difference, cannot

be known from this experiment.
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CHAPTER 8

THE WHOLE-WORD THEORY AND THE LETTER POSITION EFFECT

Experiments 3 and 4 have shown that the effect of
pricr experience on the sﬁimulus component of word
recognition is likely to be of ceonsiderable generality.
Attention now returns to the mechanism of this effect.
From the results of experiment 2 it was concluded that
prior experience of the displayed words affects the
stimulus component by allowing the input to be classified
as a particular word prior to read-out. With all
relevant aspects of the input thus given in a single
classification limitations in the read-cutf and storage
systems are avoided. If prior experience dees modify
input processing in this way. then all the other
behavioural phenomena that result from the read-out and
storage of a number of separate classifications will be
affected by prior experience. A fest of this prediction,
for some phenomena at least, is an important step in the

confirmation and development of the theory.

The best documented phencmenon believed to result
from the read-out of a number of separate classifications

is the letter position effect. The letfer position

effect is the relationship between the relative position
of letters in a word and the proportion of trials on
~which they are correctly recognized. The whole~word
theory predicts that this effect will depend upen word
familiarity. However, nc such dependence has as yet been

reported. Fortunately, the prediction can be tested
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using the data of experiment 2. Although this experiment
was not designed for such a purpose, 1t provides data that
can be re-analyzed to show the relation between letter
position and performance, This chapter therefore reviews
the research on the letter position effeet and gives the
reagons for believing it to result from read out of a
number of separate classifications. It then re-analyzes
the results of experiment 2 to sce if the relation between
letter position and performance depends upon word
familiarity. Finally it discusses the implications of the
results for the whole-word theory, and for current :

explanations of the letter pesition effect.

B.1 A review of research on the ef'fects of letter position

The relation between letter position and recegnition
accuracy has been discovered and forgotten at least twice.
Pillsbury (1897), reporting a very extensive study of
the recognition of misprinted words, noted a marked
decrease in recognition accuracy proceeding from the first
letter to the last throughout the word, This, he
suggested, indicated a general tendency for the subject to
read through the word from left to right, thus giving the
first letters a more prominent part in the recognition of

the word as a whole.

A few years later, workers in the German laboratories
discovered that accuracy tended to rise again for the last
one or two letters, producing an asymmetrical bow-shaped
relation, Their results were reported by ¥Woodworth (1938),
who explained them in terms of mutual masking effects. He
supposed that letters c¢lose together would come to overlap

at some stage in the visual receptor systems, thereby
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reducing legibility: end letters, being overlapped only
from one side, would suffer léss masking, and would
therefore be better recognizsd, He gives convincing
demenstrations of such mutuasl masking effects, Resolutian
deficiencies of a similar kind have been suggested recently
by Averbach and Coriell (1961}. The implications of these
notions seem net to have been sxplored, but fhey are of
great interest as no transformations mesintaining the
topological relations of the stimulus display could achieve

guch masking.

In 1827 Crosland, using centralily fixated nonssanse
words, re-discovered the phenomenon. An examination of
the dependence of the letter position effect on word length
gave him the results shown in Figure 1. Craosland offered
no explanation of his results, but Anderson and Dearborn
suggested thaty

Crosland's results may be related to the
direction of the English Jlanguage. Learning
to read, write, and spell are all accomplished
from left to right in English. Left-tospright
eye movements were not a facter in Creosiand's
experiments, 4in as much as the fixation point
was controlled at the centre of the word, and
100 ms, of exposure time doss net permit a
change of fixation. Creosisnd!'s vesult may be
said rather to express a left-to-right
mindedness, which the practices of left-to-
right eve movements serves toe bring aboutl.
(Anderson and Dearborn, 1952, p.225-227).

A different line of thinking was begun by Mishkin and
Forgays (1952) who, apparently unaware of the earlier work,
discovered 2 new positional effect. Their study had its
originsg in Hebb's dehate with the Gestalt thegrists over the
problem of stimulus eguivalence. Tis aim was to show that

'reading does not train all parts of the reting in the same
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way, even when acuity does not enfer the picture’ (He'bbw
1949, p.49). They displayed English words of eight
letters elther wholly fo the left, or whoally to the
right, of fixation. Recognition accuracy was Tound to
be substantially higher for the words shown to the right
of fixzation. To demonstrate the dependence of this
effect on the directional characteristics of the language
they used the fact that Yiddish (if in Hebrew script) is
written from right to left. Subjects familiar witith both
languages were shown English and Yiddish words in random
order, and, as before, either to the left or right of
Cfixation. Right field superiority occurred only for the
English words. Hecognition scores for the Yiddish words
were higher in the left field than in the right, but not
significantly. The conclusions drawn by Mishkin and

Forgays were that:

The results support the hypothesis that
reading trains limited regions of the left
hemiretina selectively. Thev are
inconsistent with the theory of a general
equipotentiality in vision since the
learning involved in word recognition is
not subject to complete transfer., Since
there is8 an indication that English and
Yiddish words are more accurately perceived
in different visual fields, it appears that
a more effective neural organization is
developed in the corresponding cerebral
hemispheres {left for English, right for
Yiddisb) as a result of ftraining processes
that are specific to the reading of those
languages. Tt is suggested that a factor
in the training may be the neural
equivalent of a selective visual attention,
although the data have indicated that when
learning is complete this factor may no
longer be operative. {Mishkin and Forgays,
1952, p.h7).



183

The relationship of hewmifield superiority to language
training was further investigated by Orbach and by
Forgavs. Grbhach (1952) showed that left field superiority
for Yiddish words could be sbtained, but only if this was
the first learned language. Forgays (1953) showed that
right field superiority in Engiish speaking children does

not normalilly develop untili fthey reach Grade VII.

The contradiction between the classical work on the
effects of letter position and the conclusions regarding
lateral dominance went unmnoticed, until peinted out by
Heron (1957). He showed that when letters are exposed in
left and right fields simultaneously more are recognized
in the left field; but that when letters are sxposed in
the left field or the right field more are recognized in
the right field. He showsed also that when non-
alphabetical material is used there is no difference
between recognition scores in the right and left fields.
These phenomena cannoet be due to the selective training
of limited retinal regions {nor can they be due Lo
matual masking effects), Heron therefore proposed, in
effect, that the selsctive visusl asttention derived from
eye movements has its effect, not through the selective
training of retinal regicns, but through a post-exposurs
procsss. Heron's explanation clearly rslates the letter
pasition effect to read-out and is theraefore quoted at
ilength. He says:

It is cobvious that the neural activity

involved in perception must poersist for some

time after the stimulus has besen presented.

During this periocd it would be possible for

the 'post-exposure’ attentional process to
operate.

The most noticeable feature of this process,
as the $'s report and their objective results
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indicate, is that the exposed letters are
attended to in the order that they would
normally be read: letters which would tend to
be fixated first under normal reading
conditions have their traces 'scanned’' first.
Thus, thers appears to be a close relationship
between the eve-movements, or tendencies
towards them, established by reading and the
post-exXposSure pProcess.

If tendencies toward eyve-movements are
important in determining how the post-~exposural
process operates It is possible to see how the
apparently contradictory results ebtained under
conditions of successive and simultaneous
presentation can be reconciled, ¥We know that
in reading English there are two main types of
eve-movement. The first ls a serdies of short
movements from left to right along the line of
print, the second consists of movements from
right to left at the end of each line. Thus
the fluent English reader presumably has two
tendencies established; faced with a line of
print there is one tendency to fixate near the
beginning of the line and another fto move the
eyes along it from left to right.

When alphabetical material is exposed in the
right field alone, the two tendencies would be
acting together. When however, it is exposed
in the left field alone, the tendency to move
the eyes to the beginning of the line
(presumably the dominant one) would be in
conflict with the tendency to move the eyes
from left to right. Under conditions of
successive presentaition we should therefore
expect that more letters would be recognized
in the right field. When exposure ceccurs
simultanecusly in both fields, on the other
hand, the dominant tendency to move the eves
to the beginning of the line would result in
more letters being recognized in the left
field. (Heron, 1957, p.46-47).

Heron's resolution of the contradiction has received
wide acceptarnce and experimental confirmation (Terrace,
1959; Harcum and Jones, 1962; Harcum and Filion, 1963;

Winnick and Dornbush, 1965). The experiments of Harcum
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and his colleagues show that letter position effects vary
in accordance with the directional attributes of the
stimuli. TIn one experiment, English words and mirror
images of English words were presented to the left or fo
the right in random order (Harcum and Finkel, 1963). For
the noermal words, accuracy was higher when they were
presented in the right field; but for the mirror images
accuracy was higher when they were presented in the left
field. From such results Harcum concluded that the scan
sequence is controlled by an esarlier discrimination of

the specific characteristics of the stimulus after the
exposiure has heen initiated. This conclusion is in accord
with the view that the dinput is classified as & particular

word priocr to read-out.

Recently, Kimura (3961) has suggested that there
might be a left-right difference in tachistoscopic word
recognition as a result of ths cerebral dominance
asgociated with speech repres@ntaﬂimnel Bryden {1965)
pointed out that such an effect might oceour but be
largely obscured by the positional effects deriving from
learned reading habits., To remove the obscuring effects
Bryden displayed single letters only, and Barton,
Goodglass, and Shai (L965) displaved vertically printed
words. The results of both experiments suggest that there
may be a slightly higher recognition accuracy for
non—directional wverbal material arriving in the dominant

hemisphere,

1

This suggestion is not related to the lateral dominance
proposed by Mishkin and Porgays; it predicts a left field
superiority for most subjects, irvegpective of the
directional characteristics of the language.
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Although Heron's dinterpretation of the leitter
pesition effect is widely acceptad fthere are some prablems
that it does not rescive., First, it iz not clear why the
position of a letter in the scan seguence shouwld be
related {to recegnitioen accuracy. Is it because the scan
sometimes fails to reach the later letfers, or is it
because the later letters, although scanned,; are more
likely to bhe lost in storage? Harcum and Jones {1962)
choose the latter altermnative but do not say why. SBecond,
noe reasons are offered for suppesing that the scanning
order is derived from eye movements rather than from The
order veqguired for wisual-agoustic correspondence., In
English, the visual-acoustic sorrespondence is such that
the initial sounds of a word correspond to the left parts
of the printed word. It is therefore only by learning to
process the printed word from feft t¢ right that this
corvrespondence can be utilized. There is no obvious
reason why such left-to-right processing must be
azgociated with left-to=right saccadic eye movements. In
view of the weight of evidence invelving the acoustic
system in tachistoscopic word recognition, the scanning
order seems Jjust as likely to derive from the normal
requiremsnts for wvisual-acousiic correspendence as froem
eye movements. Third, a recent experiment by Bower (1965)
throws deubt on the motion that read-out involves a
seanner constrained to move acress the digplay in an
orderly fTashion. Bower's experiment showed that subjscls,
1f given a great deal of praectics, can be trained to
attend to the different letter positions in any order
without lovss of efficiency. He suggests that read-out
involves not a scanner but a large number of filters,

which oan open in any order dictated by environmental
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-contingenci@s, and which feed into a funnel (i.e. which
can open only one at a time). Bower's finding can perhaps
be reconciled with scanning theQries by neting that
envircnmental contingencies would normally require the
filters to open in an orderly fashion from left to right.
Lastly, another recent experiment provides evidence that
read-out is not constrained to take one item at a time,
but can, to a limited extent at least, take a number of

items simultanecusly (Weisstein, 1966).

Notwithstanding these difficulties the conclusion
that letter position effects are related to read-out
appears sound. It seems most likely that the letter
position effects originate, in large part, at or after
read~out. There may be in addition a small effect due
to cerebral dominance, favouring, for most subjects,
letters in the right hemi-field, and originating,

presumably, priocr to read-out.

If the above conclusions and the whole-word theory
are correct, then the letter position effect will largely
disappear under conditions of whole-word processing;
far read-ocut of the displaved word as a single unit will
remove those differences between letters that originate
at or after read-ocut, and leave only whatever

differences originate earlier.

8.2 Re~analysis of the data of experiment 2

The conclusion that familiar words are read out as
single units was drawn from the superiority of the HFD
over LFD and LFI performance at the three shortest
durations of exposure (i.e. 50, 55, and 60 milliseconds).

The prediction drawn from this conclusion was therefore

tested by examining performance at these durations.
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Perfoymances at the three durations were combined
and the values of 2z for each letter position and subject
were calceulated. For the HFD and ILFD conditions this
calculation required, for sach positicn, the proportion of
trials on which the subject said "Same' when & change
cecurred at that position. These propertions for both
conditions, and for each subject separately, are given
in Tables 1 and 2, Appendix 5. The values of z were
calculated from these proportions by equation 14 (Chapter

3), which in this case becomes:

o ci

4

wheres E(zi) is the = score for the ith position, and S,
is the probability that the subject says *Same’ when a
change c¢curs at that pesition. It is assumed that g
takes the same value for all letter positions. In other
words, it is assumed that the probabiliiy that the
subject says *‘Different' when no difference is detected
is independent of the position of any undected difference.
There seems to be no reascn to doubt this agsumption.

To caleulate the values of z for each position in
the LFI bonditian it 48 mecessary to use the position
score 8p- The values of z were caloulated according to

equation 5 {(Chapter 3}, which in this case becomes:

20 E {Spi) -l

E(Z,} o _
¢ 15

for consomnants; and

5 E {Spi\ s}

}E‘E(Z) =
oy 7

for voawels. E(zi) is the z score for the ith position,
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and ﬁ{ﬁyi} is estimated by the average value of Sp for
the ith pesition, The average values of Sp for esac
pesition were cbtained from Table 4, Appendiz 2, by
talking the average value for each subject over the
durations 50, 55, and 60 miilliseconds,

The values of & thus obtainsed for the LFD, LFI, and
HED conditions are given in Tabies 1, 2 and J, together

with the mesan valuss over all subjeots,

TABLE 1: THE VALUE OF 7 I'OR THE LFD CONDITION FCGH
EACH SUBJECT ANTY LETTER POSITION

LETTER POSITION

o
e

SUBJECT 1 2 3 4 A

1. {R.M.K.} 270 . 50 .62 LL7 .16 . 00 Nk

2. (M.G.) 1.00 1.00 .81 Nl .28 .l .07
3. (A.1.P.) & I o Jho o L2B Lon .12
b, {A.8.) 53 o 3l 14 , 00 . Ol 217 00
5. {(B.P.) LB L35 28 575 T+ T RN I c SR -
6. (1.7.} L3 U35 L2300 12 L5370 .00 .02

MEAN .68 .57 L40 S b2 , 10 .08 » 1L




TABLE 2: THE VALUES OF % FOR THE LFI CONDITION, FOR
EACH SUBJECT AND LETTER POSITION
LETTER POSITION

SUBJECT 1 2 3 I 5 6 7
1. (R.M.K,) LBO .51 .38 .31 .16 .19 .18
2. (M.G.) .80 W75 .50 .28 pels LG .25
3. {(A.0.P.) .79 .77 49 39 21 .30 .39
b, (A.5.) Ty s 52 .20 .15 .11 .09
5. (E.P.) 75 G L2253 L2k .20 .16 <35
6. (T.V.) .33 .35 RN 26 .15 .14 03
MEAN .61 55 . 36 .28 19 - 17 B2

TABLE 3: THE VALUES OF Z FOR THE HFD CONDITION, FOR

EACH SUBJECT AND LETTER POSTITION
LETTER POSITION

SUBJECT 1 2 3 i 5 6 7
1. (R.M.E.D .91 Lh8 6,70 .77 .68 .57
2. {(M.6G.) -89 <05 .93 . 78 82 »55 50
3. (A.J.P.) 95 .90 .09 .91 Ll 88 L7E
G, {4.8.) L5 <75 63 .61 14 LR6 .30
5. (E.P.) 73 .09 72 .30 .35 .23 57
6. (T.v.) L300 L2 59 L67 36 LOU .57
MEAN .70 .55 .59 .66 .53 . 59 .55

190
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These values of 2z are estimates of the probabilities
that letters in each position are discriwminated or
identified, where all probabilities are corrected for
guessing. The mean values of z over all subjects are
plotted in Figure 2. 1t can be seen that recognition
performance at letter peositions 1 and 2 is very similar
under all three conditions. It is with respect to
recognition of the letters in the remaining positions

that the conditions differ.

Table U summarizes an analysis of variance

performed on the 7z scores.

TABLE L: SUMMARY OF ANALYSIS OF VARIANCE PERPORMED
ON 7 SCORES

SOURCE OF SUMS OF DEGREES  MEAN P P
VARTATION SQUARES oF SQUARES
FREEDOM

Condition(C)| 2.0726 2 1.0363 49 .01
Position(P} 2.3959 6 L3995 g8.% .01
Subject(8) 1.4200 5 L2840

CXP 1..0427 12 . 086G 3.71 £.01
§ XC .2100 10 .0210 .90 NS
SXP 1.h2ry 30 o7 2.0 £.03
SXCXPp 1.406% 60 L0234

TOTAL 9.9702 125

As expected, both condition and letter position
effects are highly significant., It is apparent from
Pigure 2 that the position effect obtained under high
familiarity conditions differs froem that obtained under

low familiarity conditions. The analysis of variance
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shows that this interaction between condition and position
is highly significant. I+ c¢an alsc be seen from Table 4
that the effect of conditions does not wvary significantly

across subjects, but that the effeect of pesition does.

Performance at the fthres shortest durations was
combined because there were insufficient cobservations in
the HFD and LFD conditions to allow examination of the
letter position effect at each duration separately., It
might be argued, however, that combining performance in
this manner could give & distorted picture of the effect
of letter position. As the LFI condition provides a
sufficient number of observations, the interaction of the
ietter position effect with display duration was examined
for this condition. The mean z scores over all subjects
for each duration and letter positlion were calculated
from the results given in Table i, Appendix 2. These
scores ave given in Table 5 and are plotted in Figure 3.
TABLE 5: THE VALUE 0F 2 FOR EACH LETTER POSITION AND

DISPLAY DURATION. - LPI CONDITION,
AVERAGED OVER ALL SUBJECTS

LETTER POSITION
DISPLAY -
DURATTON 1 2 3 4 5 6 7
200 .97 .93 .82 .77 .68 .5k 70
20 .88 .83 L6l .55 .13 ho A5
70 B2 LT .53 TS .33 25 .35
60 .72 65 Lhz o .32 .29 .17 .30
55 .52 .59 B0 .33 .16 .21 L21
50 .50 JB3 0 L2s L2201k L1h o L13 ‘

It is clear from Figure 3 that over the range of

durations studisd there is ne substantial dinteraction
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between the letiter position effect and display duration,
This is a rssult of great interest which will bhe discussed

in moere detail in Section 3.3.2.

in summary, the main fHindings vegarding the lstter

position effect are as follows:

1. There wore large effects of letter pesition in
the LPD and LT conditions. Theses effects were
very similiar under the twe conditions, and
similar to those veportaed by Crosland (see
Figure 1),

2. There was 1lifttle or no effect of letter position
in the HFD cendition.

3. Recognition of the letters in pesitions 1 and 2

was no bhetiter for familiar than for unfamiliar

wWords,

o

The effect of letter poesition in the LFL
condition was largely independent of display

duration.

8,3 Discussion

These results carpry impertant implications for the
whole~word theory, and for contewmporary theories
regarding read-out and the letlter position szffect. These

i i iomns will be discussed i it
implications 11 bhe d d in %

#.3.1 The whole~word theory

The predicticon derived from the whole-word theory
was clearly confirmed. The letter position effect was
not oenly reduced but very largely removed by prior

exparience of the displaved words., As the absence of a
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letter position effect in word recognition has oot before
been elither reported or predicted and was a priori
uniikely, this result provides strong support for the

whaole-~word theory.

Interesting implications arise pregarding the origins
of informaticn loss in the HFD condition. Information is
uniikely to be lost duaring op atter read-sut if only a
single classification is read out, Performance in the
HFD condition may therefore be assumed to show what
information loss occurs in the receptor systems. It can
be seen from Figure 2 that at letvter positions 1 and Z
performance under LFD and LFI conditiocans differs little
from that under HFD conditvions. This suggests that,
under low familiarity conditicns aliso, all information
ivss at positions L and 2 oeccurs in ithe receptor systews.
It further suggests that information loss at the
vemaining positions under low Ffamiidiariiy conditions is
divided into two parts: lInss ccourring prior to read-out
{shown by performance on the HFD condition); and loss
coecurring a2t or after read-oul §$h&wn by the difference

in performance under bhigh and low familiarity conditiens).

The exteni ito which performance was independsent of
letter position in the HFD condition indicatss that the
processes classifying the input as a particular word
eperaie on all letbers simuitzoeously. The relstion
hetwesn simaltaneous or suceessive provessing of the
letters and classificaition of the Input as a whole word
can noevw be clarvrified. Classification of the input as &
single word simoly requires that s single classification,
and hence a single signal, van spscifly the whole of the
relevant inpuat. If doss not regulre that the processes

classifying the input as a partiecclar word operate on all

e
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letters simultanesusly. The relation between performance
and letter position in the HFD condition suggests that

this processing is concurrent nevertheless.

The effect of prlor experience on word recognition

can now be explained as being due {in part) io the removal

of the letter position effect by classification of the

input a8 a sinele whole word prior to read-cut. If this

explanation is correct further undsrstanding of the role
of prier experience in the word recognition process will
result from a better understanding of read-out and the
letter positioen effect. Tt is with these that the next

section 1s concerned.

#.3.% HRead=out and the letfter position effect

The view that the letter position effesct is
associated with read-out gains further support from the
present results, Pirstly, the disappearance of the effect
in the HFD condition is further evidence that the sffect
is net due Lo limitations in relatively peripheral input
Processoes (eag, resolution limitations, or mutual
masking). If the effect was due tc limitations operating
wpricr %o fthe classification of the input as a particular
word 1t would be ressonable to assume that it would be
observed with both fTamiliar and unfawiliiar words.
Secondly, the similarity of the letter pesition effect
in the LFI and LFD conditions shows that the effect is
not due to the processes of reproduction. In word
identification tasks reproduction 1ls always seguential,
snd usually frem laft to right. The possibility that this
might account for the letter peosition effect is =
difficulty that has frequently been noted {(e.g., Crosland,
19791 Harcum and Finksl, 19673). This difficulty is
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clearly removed by the ocourrence of the letter position
gffect in the LFD condition, because in this condition neo

arder of reproduction is involved.

Not a1l aspects of Heron's explanation of the letter
pesition effect are confirmed by the present resuits.
The first aspect on which doubt is thrown is The view

that the effect arises from a pest-exposure process which

scans a persisting image (H@reng 1657: Terrace, 195%;
Harcum and Jones, 196233 The prasent results show that
the letter position effect oceours even though the displiay
is very brief and immsdiaiely followed by a noise field.
Anmy theory claiming that scanning is across a persisting
image must, therefore, erxpliain why this lmage is no¥
magked by the immediately following noise Tield. Heron's
explanation does ngt do this. Une that does will be

suggested later,

Ancther aspect of Heron's explanzation that requires
revision is the view fthzt ths letter position effect
results from the eye~movemspnts involved in reading verbal
material. This explanation predicts that the letter
position effect will increase with word famiiiarity, or
at least be independent of it. It certainly doess noct
predict that the effect will be greater for unfamiliar

WOTHS .

The moest inierssting problem is that ralsed by the
independsnce of the letter position effsct and the
duration for which the display is available. Assume that
read=out does dnvelve a proecess scanning across a visual
display, and consider the effeci of erasing this display,
after various durations, by a noise field. 4As the
diaplay duration decrsasss there will come a LTims,

dependent on the scan rate, when the display will be
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erased Jjust before the scanning process reaches the last
latters. At this duration recoegnitieon of the letters
scanmed last would deteriorate, but reproduction of the
letters scanned first would be unafiected. Decreases in
display duration would, therefeore, accentuate the effect
of letter position by further reducing the probability

of successful transmission of the letters scanned last.
It can be seen from Figure 3 that this was not the effect
observed; decreases in display duration affected all

letter positions approximately equally.

1+ might appear that this result could be
explained by assuming that the scan rate is such that
the whole word is covered in less than 30 milliseconds.
If this were the case, however, an increase in exposure
duration beyond 350 milliseconds wenld not improve
performance, which it did. What the results indicate,
therefore, 1s that decreases in display duration affect
recognitien accuracy but do net interrupt any scanning
or sequential process. This seema (o imply that if there
is a scamning process (and the regular decrease in
accuracy from left to right suggests that there is) then
it must operate after the word has been presented as
Heron suggests. This can only be the case, howevsy, if
the display scanned is noi erased by noise fields, and
the erasing action of noise fields 4is well established

{Averbach and Coriell, 1961; Sperling, 1963).

It is possible to resolve this paradox by

distingulishing between general wvisual storage and

erasure, and special wisual storage and erasure. Assume
that there is a hierarchical sequence of transformations
in wisual information processing such that at the lower

levels the properties represented are relatively simple
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and general, such as lines, edges, and angles, and that
at the higher levels the properties represented are more
complex and particular, such as letter identity. For the
lower levels such A sequence of transformations is of
course well established {Hubel, 1963). TIf each ievel has
its own storage properties, and if information at any
level is erased only by new input to that level, it can
be seen how the apparently paradoxical results could
arise. The neise field used in experiment 2 would give
rise to input to the lowsr levels only. It would erase
any information stored at those levels, and thereby
reduce the length of time available for the read~in of
information to the level of letter identity. This would
account for the effect of display duration on duration
sensitive performance. Any information already stored

at the level of letter identity would not be erased by
the noise fields, however, and scanning of the
information stored at this lLevel could therefore be
post-exposural, Thus, in a system of fthis kind, it would
be possible Tor noise fields to affect recognition
accuracy even though they do not erase the display that
is scanned. In relation to such a system the whole-word
theory proposes that experience with words adds a

further level, and that the expsricnce of new words
simply adds mew units teo that level. Further
implications of this theory will bes discussed in the

following chapters.
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CHAPTER

EXPERIMENT 5: THE RECOGNITION OF WORDS PRESENTED
IN _RAPID SUCCESSION

9.1 Introduction
The experiment reported in this chapter extends

the investigation to conditions of higher input load,
In all earlier experiments one seven-letter word was
presented on each trial, In this experiment two
seven~letter words were presented and performance was
studied under both high and low familiarity conditions.
Such an extension is important for two main reasons.
First, every-day word recognition tasks usually involve
the recognition of more than a single word. The
present experiment therefore provides evidence

relevant to the issue regarding the generalify of
stimalus component facilitation. Second, as the whole-
word theory states that under high familiardity
conditions words are read out as single units, it
predicts that storage limitations should not be met
until at least three or four words are read out.

But it was observed in experiment 2 that HFD
performance levelled~off at about 6.5 letters, It was
suggested in Section 5.4.3 that this might be a ceiling
effect. The present experiment provides a test of

this explanation by giving performance the opportunity
to 1rise above seven letters as the whole-word theory

predicts.
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Fach trial consisted of two brief displays, with
one seven-letter word in the first display and another
in {the second display. Subjects attempted to
reproduce both words. Betweeﬁ the two displays there
was a byrief interval during which the noise field was
gshown., This interval will be called the inter-

gtimulus dnterval, or ISI, Four different IST

durations were used, A display sequence of this kind

was vhosen for three reasons:

1. Problems of resclution and peripheral
aculty are likely {0 arisge 1f a large
number of letters are shown in a single
display; +the display will either be
such that the letters are small and
crowded together, or such that many

letters are seen peripherally.

2, The continuous extraction of information
from displays that rapidly succeed one
another is the task that is wmost common

cutside of the psvchelogical laboratory.

3. A prediction derived from the theory of
aspecial storage and erasure can be tested
by a study of recognition when two word
displays are separated by an interval
during which a noise field is shown,

This prediction is derived in the next

paragraph.

The theory of special storage and erasure ocutlined

in Section B.3.2 proposes that the persisting image of
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a display that contains letters will be more
effectively erased by a display that also contains
letters than by a display that does not contain letters,
This theory predicts, therefore, that if two dilisplays
containing letters are separated by an interval in
which z noise field 1s shown, performance will

improve as the inter-stimulus interval is increased,

The theory of backward visual maskinug proposed by
Averbach and Coriell (1961), however, leads to a
different prediction. These authors suggest that
there are two ways in which a later stimunlus may
interfere with a preceding one: 1) With a short
interval between the stimuli the later stimulus is

superposed over the stored image of the preceding

stimulus; 2) With a longer interval between the

stimali in the later stimulus is substituted for the

preceding aftimulus. Averbach and Coriell proposed
that beth of these masking processes are highly
dependent upon the retinal locations of the two
stimuli: the later stimulus masks only those
preceding stimuli that were projected onto the same
retinal region. They do not propose, however, that
these processes are dependent upon stimulus identity:
any stimulus is superposed over, or substituted for,
any other stimulus, A similar account is given by
Sperling (1963)., The noise field used in the present
experiment was noise field 2 shown in Figure 4 of
Chapter 4., It can he seen that if masking was due to
superposition then this noise field would mask the

preceding display at least as effectively, and probably
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more effectively, than would another word. If, on

the other hand, masking was dus to substitution it
could be assumed that the masking effects of noise
displays would be the same as those of word displays.
The thecory proposed by Averbach and Coriell, and by
Sperling, predicts therefore that performance will
either worsen as the inter-stimulus interval increases

or will be independent of it.

9,2 Method

9.2.1 Qutline

The experiment studied the recognition of two
words presented in rapid succession, under both high
and low familiarity conditions. For both conditions,
the subjects were reguested to reproduce as accurately
as possible the two words displayed. (It would also
have been of interest to use the word discrimination
method but this requires the presentation of four words
in fairly rapid succession., This is difficult with a

three-channel tachistoscope),

In the low familiarity identification (LFI)
condition the two words were selected randomly and
independently from the 2 x 10? possible CVCVCVC!s, In
the high familiarvity identification (HFI) condition,
the method of random changes was used as there appears
to ke noe other way of separating stimulus and
supplementary components under such conditions., The
same comparator word was used for both firvst and second
words and the random changes were produced for first

and =zecond words independently.
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Four different ISI durations were chosen on the
basis of preliminary experiments: ¢, 40, 100, and 300
milliseconds., A display duration of 100 milliseconds
was used for the target words. The display sequences
used were therefore as indicated in Figure 1. The
word displayed first will be called word 1, and the
word displayed second will be called word 2, The
illumination of all three fields was 22 lumens/sq. ft.
It was necessary to make all field illuminations equal
because it is probable that the masking properties of
fields varies with illumination. Trials were also
included on which a single word was displayed for 100
milliseconds (single word trials). As usual this
display was preceded and followed by noise Tields.
Performance under this condition provided a basis
against which performance with two words could he

compared.

9.2.2 Design

Four subjects were used, and each performed under
all combinations of IS8T durations and familiarity
conditions. This required four experimental sessions
per subject. Each session was divided into four phases
and the conditions were distributed across these phases

as shown in Tables 1 and 2,

Within each phase performance was studied under
each of the fowr IST's, and with a single word only.
These five different tasks were performed within each

phase in a randomly selected order, a new random
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TABLE 1 THE ORDER IN WHICH CONDITIONS WERE GIVEN
SUBJECTS 1 AND 43

___PHASE
SESSION 1 2 3 k
1 LFT HF I HFI LET
2 HPT LFI LFI HF T
3 HEF T LET LFT HE )
b LFT HET HET LET

TABLE 2 THE ORDER IN WHICH CONDITIONS WERE GTIVEN
SUBJECTS 2 AND 4

PHASE
SESSTON ! 2 3 h
1 HFT LFI LFL HFL
2 LFI HFT HFT LFL
3 LET HET HFT LFI
4 HET LFT LET HIFT;

selection being made for each phase, session, and
subject, Subjects were told which of the five tasks

was to be performed next.

9.2.,3 Procedure
The four subjects used were subjects 1, 2, 3 and
i of Experiment 2. They wers thersfore well acquainted

with the basic experimental situstion., Nevertheless
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to familiarize them with the task of writing down iwo
words, the first experimental session for each subject
began with about 1% minutes practice. It was suggesated
that thev write dewn as much of the first word as thesy
could remember, then as much of the sacond as they
could remember, and then go back and fill in any gaps.
The manner in which the words were selected for the
high and low familiarity conditions wag explained to
them, During the practice periocd the subjects

perfermed under both conditions and at all four ISI's.

Under the LFT condition there were 15 trials within
sach phase; three at sach 15 and three with a single
word. This gave a total over all subjects of 96 trials
at each IST, and 96 trials with a single word, and
regquired 240 randomly constructed CVCVCVCG!'s., Each
subject saw each word once., Under the HFI condition
there were 35% trials in each phase: seven at each of
the four ¥8TI's and seven with a single word, This
gave a total over all subjects of 224 trials at each |
I5T, and 224 trials with a single word, One comparator
word was used per session per subject, With four
sesgions and four subjects this required 16 comparator
words and their associated sets of variations. The
subjects were familiarized with the comparator and

variant words exactly as in experiment 2.

9.3 Results

For the HPI condition, over all four ISI's and
over all four subjeets, there were 866 reproductions

of both words 1 and 2. Word 1 was correctly
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reproduced 552 times {i.e. on 64 per cent of trials}),
and word Z was correctly reproduced 310 times {i.e.
on 532 per cent of trials). For the ILFI condition,
cver all four I&I's and over all four subjects, there
were 384 reproductions of words 1 and 2. Word 1

was correctly reproduced 11 times (i.e. on three per
cent of trials), and word 2 was never correctly
reproduced. Any other direct comparison of HFI and
LFI performance will show similarly large differences.
To determine whether these differences result only
from the different probabilities of being correct by
chance under HFPI and LFI conditions it is negessary
to calculate the z score obtained under the two

conditions,

The numbers of correct and incorrect responses
for T"same’ and 'different'! trials separately in the
HFI condition are given in Table 1, 4Appendix 6, for
each subject and IS5T. These numbers were obtained by
scoring the subjects reproductions as in word
discrimination experiments. Any variant word was
taken as eguivalent to the response 'Different', and
the comparator word was taken as eguivalent to the
response 'Samet!., The numbers of letters correctly
reproduced, irrespective of position {Sc¢), in the LFI
condition are given in Table 2, Appendix 6, for each
subdect and IS8T. From the data in these two tables
the # scores for the two conditions were calculated.
As in experiment 2, eguation 14 was used for the HFT

condition, and the graphical golufion of eguation 8
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for the LFI condition. 7The reproductions of words 1
and 2 were scored separately, and the resulting =

scores arec given in Tables 3 and 4 respectively.

TABLE 3 THE Z SCORES OBTAINED FOR WORD 1
TST (Milliseconds)
SUBJECT 0 4o 100 300
1 1.6 2.5 h.z 4,2
P 2 2.3 2.4 2.3 Foh
3 L 306 L}‘n6 5&}»4
L 2.9 3.0 5,0 .
MEANS 2,2 2.9 3.5 4,0
SUBJECT
1 4,3 4.0 6.2 6.5
2 2.6 3.8 5.6 5.7
}%F:{ 3 6-0 5:5 53“’ 50?
i 2.7 .5 5.0 4.9
%EAKS 3.9 ol 5.7 6.0
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TABLE X THE Z_SCORES ONTAINED FOR WORD 2
IST (Milliseconds)
- SUBJECT 0. ho 100 . 200
1 2,0 2.7 1.1 1.5
2 1.3 1.9 1.0 1.3
LFT 3 3.9 2.6 2.2 2.4
£ 1.3 2.1 1.6 2.5
MEANS 2.1 2.3 1.5 1.9
SUBJECT
1 6,6 4.5 4,4 6.0
f . P
T 2 1.8 5.% 3.1 5.6
3 5.1 2.4 5.0 5.6
i Fe 3 h,2 2,5 3.8
MEANS 5.0 4.1 3.8 5.3

The z scores were alse calculated for those trials on
which a single word only was presented and the scoxres

are given in Table 3,

TABLE 5 THE 7 SCORES ORTAINED FOR THE SINGLE
WORD TRIALS
LFT BFI
SUBJECT
1 5.0 &.6
2 5,0 6.7
3 5.8 6.7
4 4o5 W
MEANS 5.1 6.2
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Figure 2 shows the 2 score for sach condition and IS8T,

averaged over all subjects.

An analysis of variance was performed on the 2
scores for word 1 and is summarized in Table 6. The
effect of hoth familiarity and IBI are highlwy
significant, but none of the interactions approaches
gsignificance. A similar analysis performsed on the z
scores for word 2 is summarized in Tabhle 7. The
effect of famlliarity is significant, but not that of

I8T. None eof the interactions is significant.

The numbers of correct and incorrect responses for
word 2 of the HFT condition (scored as for word
digscrimination) are given in Table 8. A chi-gzgquare
test of independence faliled toe show any relation
between I31 and the probability of a correct response
CX? = 4.6, degrees of freedom = 3; P 20)}. Similar
tests ecarried ocut for 'same’ and 'different’® trials
separately alsce Failed to show any significant relation

between performance and IS8T for word 2.

The relation between letfer position and
performance for the LFI condition is shown in Tables
2 and 10. These tables give, for each IS] and for each
letter position, the z scores caloulated from the mean
value of Sp for that letter position. These results
are presented in Figures 3 and 4 and will be discussed
in the next sectiocn. Figures 3 and 4 also show the
effect of letter position for those LFI trials on which

a single word was shown.



TABRLE 6

SUMMARY OF THE ANALYSIS OF VARTANCE PERFORMED ON

THE Z SCORES ~ WORD 1

SOURCE OF SUM OF DEGREE OF MEAN

VARTATION SQUARES FREEDOM SQUARE w P
IPamitiavity (F) 26,46 1 26 .46 82,69 .01
Inter-Stimualus
Interval (I) 18.70 3 6.23 23,07 £.01
Subjects (8) 8.27 3 2.91
PXI AL 3 . L ,18 NS
8 X F .96 3 .32 LAz NS
5 X I 2,41 9 27 .35 NS
FXI1TXS 6.97 G <77

TOTAL 64613 31

gie



TARLE

SUMMARY OF THE ANALYSTS OF VARTANCE PERFORMED ON

THE Z SCORES - WORD 2

SQURCE OF SUM OF DEGREE OF MEAN
VARTATION SQUARES FREEDOM SQUARE F P
Familiarity (F) 52,28 1 52,28 24,32 £.05
Inter-Stimalus
Tnterval (1) 4.83 9 1.61 2,06 NS
Subjects (8) 5. 34 3 1.78
XX 2,62 3 .87 1.45 NS
s X F 6.45 3 2,15 3.58 NS
S x I £.98 g .78 1.130 NS

X T X8 5.36 9 « 60

TOTAL 83,86 31

TTe
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TABLE 8 THE NUMBER OF CORRECT AND INCORRECT
RESPONSES FOR WORD 2 OF THE HPL
CONDITION (SUMMED OVER ALI, SUBJECTS)

IS1 (MILLISECONDS)

0 40 100 300
CORRECT 163 148 147 160
INCORRECT 56 66 7L 55

TABLE 9 THE Z SCORES FOR FACH LETTER POSTTION - LFIL
CONDITION, WOHD 1

LETTER POSITION
IST 1 2 3 4 5 6 7
0 L34 Ao . 20 .15 1k .18 .16
ho .83 64 40 15 16 .11 .20
100 .92 .79 L 549 » 31 .19 .19 .28
300 .01 .83 .63 .36 .21 . 26 .39

TABLE 10 THE 7 SCORES FOR EACH LETTER POSITION - LFI
CONDITION, WORD 2

LETTER POSITION
1ST 1 2 3 L 5 6 7
0 W48 .36 22 .08 .09 06 L
1o TR L9 27 .15 L 11 L1l .11
100 Bk .38 L 20 L 00 .00 <13 02
300 .39 .59 .25 .06 .05 .03 .05
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In the preceding experiments perfarmance under
high familiarity conditions was studied in terms of
the subject's ability tc determine whether there was a
difference between target and comparator words. In
other words, the function studied was that of

difference detection, The present experiment provides,

in addition, evidence regarding the subjeectts ability
te determine the nature of any difference between
target and comparator words. Evidence regarding such

difference identification was available because

subjects attempted to reproduce the target word as

accurately as possible on all trials.

For word 1, and over all subjects and I5E's, there
were 464 tdifferent! trials. 7The target word was
correctly reproduced on 272, or ,586, of these trials.
For word 2, and over all subjects and I8T's, there
were 427 tdifferent' trials, The target word was
correctly reproduced on 219, or .513, of these trials.
Both of these values are far higher than could occur
by chance 1if no differences were actually identified.
Bven if difference detection occurred on every trial,
the proportion of correct reproductions in the absence
of difference identification would be only 1/7, or
A3, On the other hand both values are smaller than
would be possible if difference iddentification occurrasd
as fregusntly as difference detection, If it did, the
probability of a correct reproduction on '‘differentt

trials would be @ {the probability of difference
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detection), plus a small amount due to suessing.,

From edquatiouns 9 and 11, Section 3.5.3

[
i
e ol

(15)

For word 1, and over all subjects and ISl's
combined, ¢, calculated according to eguation 15, was
L7144, With a population proportion of .714 the
probability of obtaining enly 272 coryect reproductions
out of 464 trials (i.e. a proportion of .586)} is very
small {the standardized normal variable Z = 6,1;
P&.001). For word 2, over all subjects and ISI's the
value calculated for ¢ was .647. With a population
proportion of ,647 the probability of obtaining only
219 correct reproductions in 427 trials {i.e, a
proportion of ,513) is also very small {Z = 5.8;
P<§,OOK). In making these tests, estimates of ¢ were
used and sampling errors were not taken intce account.
These estimates were however based on very large
samples. Furthermore, because P does not include the

successes due Lo chance, it Is an undeyestimate of the

proportion of corrvect reproductions expected i7
difference detoction and difference identification are
equally freguent. It is therefore safe to conciude
that on many trials the difference was detecited but not

ddentified.

1 Compare this statement with equation 9, section 3.5.3.



9.4 Discussion

0. h.1 Hiéh iﬁput loads and the whole—-word theorv

The prediction of the whole-word theory that
performance with highly familiar words will rise above
seven letters was clearly confirmed., With an ISI of O
milliseconds subjects discriminated, on average, 8.9
of the 14 letters., With an IST of 300 milliseconds
subjects discriminated 11.3 of the 14 letters. In
contrast only 4.3 of the 14 letters were identified in
the LFI condition when the IS8T was 0 milliseconds, and
only 5.9 when it was 300 wmilliseconds. 7This shows
clearly that in tasks involving continuous input the
amount of stimunlus information lost during processing
depends predominantly upon the subject's prior
experience with the sitimulus material., The greater
accuracy with which subjects reproduce familiar words
is not predominantly due to the greater accuracy with
which lost information is replaced when words are
familiar. The results show alse that the continuous
and rapid extraction of information in normal reading
requires the reduction of information loss by some
form of trace~input matching., The subject would
otherwise have available al most only 5.9 letters out
of every 14, It can therefore be concluded that the
effect of prior experience on the stimilus component

of word recognition is a phenomenon of wide generality,

It must be noted that performance under the HEFL
cendition was less efficient than might have been

expected on the basis of earlier results, In experiment
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2 performance in the HFD condition rose more-or-less
linearly from 3.5 letters at 50 milliseconds to 5.9
lettere at 70 milliseconds. If performance continued
to rise at this rate far more than 8.9 letters would be
extracted from two displays each lasting 100 milliseconds,
This discrepancy might be due to the use of double
presentations, On the other hand, it might be that nco
matter how 14 letters are presented HFD performance
rises rapidly only for the first six letters, Both
possibilities carry important implications and a study
of HFD performance with higher input loads in a single

presentation would therefore be of great intevest,

9.4,2 The theory of special storage and erasure

The theory of special storage and erasure, which
was proposed €o explain how noise fields can reduce
recognition accuracy without altering the letter
position effect, was clearly confirmed, The amount of
backward masking caused by a display containing letters
was greater than that caused by a,noisé field., There
are two main reasons for believing that this is the
correct interpretation of the relation between the
accuracy with which word 1 was reproduced and the 13131
The first 1s that delaying the onset of word 2 by only
100 milliseconds largely removed the additional
interference caused by its presentation. The second,
is that the relation between performance and IST was

the same For both HFI and LFT conditions. This would

It is important to remember that the noise field was
displayved during the IST.
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be exypected if the interference caused by word Z was
duae to masking, but not if it was due to changes in
storage processes. Neither the superposition nor the
substitution accounts of backward visual masking can
explain the results, They appear to be explicable
only in terms of a masking process that depends upon

the identity of the masked and masling stimuli.

9.4,.9 Read-out and letter position effects within
words 1 and 2

The effect of letter position for word 1 in the
LFL condition {shown in Figure 3) does not accord well
with the notion that read-out imvolves scanning. 1T
read-out does invoelve a sequential scannding process
(scauning across letters in the LFI condition), aund if
& later display containing letters does mask the
display that is scanned, then there will be some IS1's
such that the masking interfers with recognition of the
letters at the end of the word hutf not with those at
the beginning. Accentuation of the letter position
effect should thervefore be observed for these I5I's.
No such accentuation jis apparent in the results
reported above. It is possible that that sccentuation
was not observed becauses the rate of scanning 1s so
high that there is only a narrow range of I5I's over
which accentuation oceurs. To test this explanation
it would be necessary to make a more thorough
investigation of the relation bhetween 151 and the letter

position effect for word 1.



218

The effect of letter position within word 2 also
fails to accord well with the notion that read-out is
a scanning process., If read-out involves a scanning
process with a centre of fTocus constrained to move in
an orderly manner across the visual digplayv, then there
will be some ISI's such that word 2 is present while
the scan is at, or near, the end of word 1. In the
present experiment word 2 was presented symmetrically
across the same fixation point as word L. Thevefors,
when word 2 is presented while the scan isg near the
and of word 1, the scan will be in the same position
relative to word 2 as it is relative to a single word
presented to the left of fixatien, Harcum and Jonas
(1962) have shown that the letter position effect for
words of eight letters presented to the left of
fixatien differs from that for words presented
symmetrically across fixation. The letter position
effect that they obtained was bow-shaped, but more
nearly symmetrical, with performance worst at
positions three and four, rather than at position
seven as it is for words of eight letters presented
symmetrically acress fizxation, This was clearly not
the effect observed for word 2. It is possible, but
perbaps unlikely, that eve-~movements during the I5I
could account for this failure te find any egquivalence
between the letter position effect for word 2 and
that for words presented to the left of fixation, It
seems more likely, particularly in view of the results
of Hower {1965%) mentioned in Chapter 8, that read-out
does not involve a scanner consirained to move across

the visual displav.



9.5 Summary

The main cenclusions drawn from experiment 5 are

therefore as follows:

..l,’

With high dnput loads HFT psrformance, as
measured using the method of random changes,
rises to at least eleven letters; LT
porformance does not rise beyvond six letters.

This result supports the whole-~word theory.

Letter displays are more effectively masked
by letter displays than by noise fields,
This result is a confirmation of the theory

of special storage and erasure.

The effect of letter position within the
first of Ttwo consecutively displayved words
was not accentuated for any of the I51lts
studied. This weakens, but does not
digcenfirm, the view that read-cuf is

sequential.

On some 'different?! trials the subject
detects the difference but fails to

identify d4it.



CHAPTER 10

SUMMARY AND SPECULATIONS

This thesis has demonstrated the possibility of
obtaining unbiased measures of the information
transmitted through the input processing systems. It
has shown that even under conditions of optimum
readiness the stimulus and supplementary components of
word recognition performance can be separated. In
addition it has tried to show how behavicural data can
bhe used to determine where in the transmission sequence
variables affecting the stimulus component operate.
Pessimism concerning the possibility of obtaining 'pure'
measures of ‘perception' is therefore unwarranted.
These measures have been Jdifficult to obtain only
because there has been a widespread reluctance to state
the problem explicitly in terms of the information

processing systems producing the observed performance.,

10,1 The distribution of familiarity effects over
the stimulus and supplementary components

The experiments of Spence (1963%) and others (see
p.32) have shown that the effects of word familiarity

invelve changes in the supplementary component.
Experiments 2, 3, &4, and % have shown that the effects
of word familiarity also involve changes in the stimulus
component., This demonstration is the basic contribution
offered by this thesis. Whether all familiarity effects
are due to changes in input processing or to changes in

supplementation is therefore no longer at issue. What
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is now at issue is the relative importance of the two
kinds of change in any given class of situvations, It
appears 1ikely that, in some situations, famiiiarity
effects are predominantly due teo changesg in
supplementation and, in others, to changes in input

processing.

From the results of experimenis 3, 4, and 3 it is
reascenable to concliude that change in the stimulus
component of word recognition as a result of prior
experience is a common occurrence. Experiment 3 showed
that the stimulius component can be increased by giving
the subject onily a few seconds experience of the
displayed word. This increase however 1is small and
unstable, Tt is clear from the results of experiment 4
that optimun readiness is not a necessary condition for
prior experience to facilitate input processing.
Performance with a comparateor word chosen randomly from
one of four was little different from that with a single
comparator word., Thus, it is not necessary for the
facilitation of input processing that the subject be
prepared for a single word. Experiment 5 showed that
in tasks involving high input loads prior experience of
the displayed words produces a large reduction in
information loss. The size of this reduction makes it
reascnable to conclude that facilitation of input

processing plays a major role in normal reading.

10.2 Some aspects of input processing and its
facilitation by prior experience

Demonstration of the effect of prior experience on
the stimulus component leads directly to the task of

determining the mechandism of this effect. This section



briefiy summarizes the explanation offered in the
preceeding chapters and then considers the various

aspects of input processing in a little more detail.

Put most simply, the experiments reported above
have shown that prior experience of the displaved words
facilitates input processing by increasing the number
of letlters read out and by decreasing information loss
during storage. These conclusions were drawn, in the
first place, from the Tinding that both duration-
sensitive and duration-insensitive performance are
improved when highiy familiar words are displaved.

The view that duration~sensitive performance shows the
number of letters read out is widely accepted, and the
grounds for this view are, briefiy, that such
performance is controlled by variables unlikely to
operate beyond the receptor systems, and that, as the
storage and retrieval systems can bandle four letters
without loss, the loss must occur sarlier when only
one or two letters are recognizged. I duration-
sensitive performance does show the number of letters
read out there is 1ittle doubt that more letters are
read out if the displaved words are highly familiar.
This conclusion carries far reaching implications.
Some have already been mentioned, others will be

mentioned in the discussion that follows.

The first and most important implication is that
i1if the word displayed is sufficlently familiar word
identity is computed within the receptor systems, This
implication was shown by noting that only if the input
is classified as a single particular word prior fto

read=-out conld familiarity affect read=out in the
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manner chserved. It was further argued that., for the
words used in the above experiments at least, this
classification could not be a schematic one,
differentiating between familiar and unfamiliar words
on the basis of limited propertiss of the words,
hecause there were no such differentiating limited

properties,

Tt is important to make clear exactly what is
implied by the claim that the input is classified as a
particular word within the receptor systems. It will
be remembered that the receptor systems are those whose
states continually depend upcn the sensory input. The
above claim 1ls therefore equivalent to the claim that,
for each familiar word, there is a physiological unit
whose activity continually depends upon retinal input,
and which takes a particular state only if the inoput
contains that particular word. In other words, there
are units which signal the presence of particular words

in the current semnsory input.

4s already mentioned, this general pilicture of the
way in which prior experience changes input processing
to improve word recognition performance is essentially
the whole~word theory of Woodworth and J. MoKeen
Cattell, which was described in Section 1.2.1. Further
evidence in support of this theory was reported in
Chapter &, It was noted that if familiar words are
read out as the result of a single classification then
this will remove those differsnces between individual
letters that arise after read-out. Using the data
provided by experiment 2 the effects of letter position

under high familiarity and under low Tamiliarity
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conditions wers compared, As predicted by the wholew
word theory the effecis of letter positicon largely

disappeared under high familiapity conditions.

1t the above account is correct then there will
clearly be classifving units for many other properties,
some immate and some learned. Subjects have had, for
example, Tar more experience of letters than of words.
It is, therefore, reasonable to assume that units
classifying letters exist within the receptor systems.
To develop these classifving univs independently of each
other would be most inefficient, and it is therefors
likely that the outputs of units reaciing to relatively
gimple properties will serve as the inputs for units
reacting to properties that are more complex. For the
early stages of sensory processing involving the
relatively simple innately computed properties this is
already known to be the case {(Hubel, 1363). A clear
description of the kind of organization proposed is
given by Attneaves

1. The basic idea of ‘levels! or of =z

'perceptusl hierayrechy', is simply that =a

potentially definable sequence of

classifications of incoming information

peeurs. It is presumed that the output of

cne atage of this sequence constitutes the

input of the next, but the possibility of

feedback from higher to lower levels is by
ne means to be exciuded.

For exampie, activity of & particular
element cn one level might imply {i.e.
result from) a pattern of activity of
elements on the next lower level
desoribable as follows: A and C but not
B and not D, or E and & but not F and not
H, ocr ...,' etec. The conjunctive terms
involve grouping of elements {reaeptors,
at the lowest level); the disjunctive terms
grouping of states.
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On this basis it is evident that a
higher-level element may represent a relatiocn
between lower-level elements, if the latter
are ordered.

2. It will be true, at least in a
statistical sense, that higher-level
classifications will represent, or depend
upon, the states of larger subsets of
receptors than lowerwlevel classifications.

Such an incrsase in extensity of

representation is obvious in the case of a

hierarchy like active receplor-line-letterw

word-phrase, Likewise, highevr-level

categories will tand to have lower individual

probabilities 1.e.,, to be more specific to the

total receptor—-state and accordingly to carry

more information. (Attneave, 1962, p.639).

It 4s important to note that 1t is probable that
there are units of glasgsification intermediate between
letters and words, such as units classifving syllables,
A test of this could easily be made. The musber of
letters read out {as shown by duration-sensitive
performance) under LFI conditions, could be studied,
using the correction procedures developed in Chapter 7,
for words having the structure CVCVOVE, and for words
having the structure CCCOVVY. If more letters were
read out from words of the first kind it would indicate

that syllabic coding occurs before read=out,

One important property that has not vet been
mentioned is the velative positions of any letters
identified. It was seen in experiment 2 that nearly all
letters correctly identified were alsc reproduced in
their correct relative positions. Many theories of
pattern recognition are unable to account for this
gimple fact. If, for instance, letter recognition

occurred as the result of some kind of ‘'resonance'®
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between trace and input, the subdect could say that
such-—-and-such letiters were in the visual field., but
would have no way of knewing their relative positions.
In order to provide information regarding position in
combination with that regarding identity a hierarchical
classifying system must reduplicate 1ts classifying
wnits for each of a number of 'retinal regions'. The
activity of particular letter classifvyving units would
therefore depend not only upcen the presence of a

particular pattern but also upon its position.

If these speculations are correct then it is
possitble that the mutual masking observed by Woodworth
(1948), and the resolution Iimitations observed by
Averbach and Coriell (1961}, arve due to limitations in
the mumber of such regions available within any given

araa.

The system thus far proposed is one in which
eurrent stimalation is represented by the activity of
Iarge numbers of hierarchically organized classifying
units, each signalling the presence of a particular
property. In Chapter 8 it was fTurther suggested that
these units have short term storage capacities but are
inhibited hy new input of the appropriate type. This
theory of special storage and erasupre was proposed ©o
explain how, even in the presence of post-stimmlus
tnoise! fields, read-out could occur after gshtimulation.
It was confirmed by the results of sxperiment 5, which
showed that a display containing letters was more
effectively erased by a display containing ietfters than
by a 'noise' field, It is important to noete that beth

hierarchical processing and the cccurrence of learned
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transformations prior {o read-out are essential aspects
of the theory of specisl storage and erasure - erasure
within the receptor systems can be dependent only on
the properties computed within those systems. The
results of experiment 5 are also, therefore, further
evidence that progessing in the recepltor systems 1s

both hisrarchical and developed by experience.

Exactly what prior experience ig necessgary for
the development of sensory classifving units is still
not kneown. It appears that the prior experience given
in the high familiarity conditions of experiments 2,

i

in experiment 3 was not., If this outoome is

, and 5 was sufficient., and that the 11 seconds given
replicated it will lend further force to the view that
familiarity effects on the stimulus component are due

to the development of sensory classifving units. What

1s now reguired to pin down the crucial aspects of

prior experience is repetition of ezperiment 2 using
many variatiens in the familiarization procedures. OF
particular interest is the modality, duretion, and
temporal patterwing of the pricr experience. It is

also of dinterest to know whether prior sxperience of
words printed in one way will effect the stimalus
component of recognition when those words are displayed
printed in a guite different way. The results of such
research might well demand revizion of the views offersd

in this thasis.

If processing within the recepior gvstems is
hierarchical, then the amount of learning necessary to
develop a clasgifying unit for a particular stimalus

wili depend upon the subject's priocr syperience with
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parts of the stimulus., This prediction coulid be tested
by comparing the amcunts of learning redquired to
increase the read-out rates for stimuli which vary
according to the subjectis experience of the parts from

which they are constructed.

It is clear that if the receptor syvstems are
organized as described above then read-out must be
possible from many different levels, and not just from
the most cowplex. If this is so then read-out must be
mitch more than a process selecting items according to
their position within a two dimensional spatial array,
for it must also be able to switch from one level to
another, How this is achieved and how iong switching
from cne level to another takes is still uncertain.
Other unsolved problewms concerning read-out were

mentioned in Chapters 8 and 9.

A particularly interesting problem not vet
mentioned is that of timing. It is reasonable to
assume that the probability of a correct cilassification
of the input at the letter level will increase with the
time from the onset of the display. If read-out is
initiated too early the benefit of any continuing
input wili be lost. If, on the other hand, read-out
is dindtiated toc late any information stored in the
letter, or word, classifiers may have decayed or have
been erased by later inpat. It is possible that in
normal reading taszks this dilemma 1is resolved by
keeping fixation timég and thus the time between
displays, relatively constant. Fixation time 1in
normal reading is about 200 milliscconds, and saccad

time about 20 milliseconds (Woodworth, 1938). If
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read-out could be performed within 20 milliseconds,
therefore, it could be initiated consistently 200
milliseconds after the onset of each display. This
pessiblility is particularly dattractive because it was
found in experiment 5 that word 2 interfered with the
recognition of word 1 only if it was displayed within

200 mitiiscconds of the onset of word 1.

In the model for wvisual memory tasks proposed by
Sperling {1963), the store into which information is
read-out is an acoustie store to which is coupled a
rehearsal process which can restore fading acoustic
images. This view is in keeping with the acoustic
confusgions in visual immediate memory tasks observed
by Conrad (196k), The whole-word theory implies that
grrors under high familiarity conditions occur only
during read-in to the word classification levels in the
visual receptor svstems. These errors should therefore
not show signs of deterioration during storage in an
acoustic form. A test of this prediction could easily
be made by comparing the confusion matrices obtained
under high and under low familiarity conditions.

Casual observations made during the course of the
experiments reported above suggest that the two
confusicon matrices do indeed differ in the predicted
manner, A more thorough investigation would clearily

be both simple and important.

13,3 Some major remaining problems

This thesis has ighored many crucial aspects of
word recognition, Any explanation of the effects of
prior experience must be weak, unless it 1s given as
part of a more complete account of information

processing in word wrecognition than that here offered.
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Information processing in the reception systems, for
example, must be described more fullyv, Thos 1t is
necessary to discover exasctly what information is
extracted at each stage of processing., The acceunt of
this aspect of the processing would perhaps best bhe

given as sets of rules showing how the many isclated
events dmitiated directly by stimulation are combined to
produce single events isomorphic with stimulus identity,
Furthermore, it is necessary to discover, for sach level
of processing, the quantitative aspects of tlie storage,
erasure, and read-in functiens, Only then will it be
possible to Enow what processing will ocour under
particular conditions. It will alsoc be necessary to
determine whether any of the guantitative aspects of the
storage, erasure, and read-—in functions within the
reception systems, are centrally centrolled in accordance
with context, meaning, or motivation. The account of
this aspect of the processing would perhaps hbest be gilven
as statements of the conditions of activation of those
units whose patterns of activity potentislly ful¥Fill the

rules of information extraction.

The methods developed in this thesis suggest how
such an account of recephtion, and similar accounts of
read-out and storage, could be achieved., I is probable
that in any such account the explanzaticn that has besen
offered for the e¢ffects of prior experience on the
stimilus component would be extensively modifisd. That
prior experience does affect the stimulus component of
word recognition performance can, however, noe iongsr be

‘reaﬁgnably doubted.
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APPENDIX 1

EXPERIMENT 1

The words used in Experiment 1

SET
1 1’ 2 2’
JANDARA JAMPARA KADIRGA KADESGA
AFWORBU AFCARBU ADAFNAW ADIFPAW
BIWOJNI BIWASNT BORULCE BODILCE
NANSOMA NASTOMA NIJTARON NTIIMON
OLMADIK OLDABIK ENSHIMI ENSTAML
AKLIYAT AKTOYAT INKULAM TINDURAM
SARTCIK SASIMIK TAVHANE TAWSANE
SABULON ZABETON UDIBNON UDOBRON
CLIVADRA CIVBURA DILIKLI DILEGLL
LOKANTA LORASTA MECBURI MELBORT

The words in sets 1 and 2 were words used by Solomon
and Postman (1952).

The words in sots f and 2 were

formed from these by changling two of the three middle

letters.



£33

{Appendix i}

TABLE 1: RECOGNITION THRESHOLDS FOR THE REHEARSED
WORDS (IN MILLISECONDS)
EBach subject recognized two words at each
rehearsal Treguency.
REHEARSAL PREQUENCY
25 5 2
SUBJIBCT 1 2 1 2 1 2 1 2 1 2
1 o 01 70 601 BD 301 60 70 50 100
e 230 300 [180 350 {350 100 | 250 750 | 600 700
3 120 1130 80 140 {140 110! 110 90 i 300 200
4 &0 70 90 160 70 160 | 220 100§ 200 160
5 g0 70 0 110 i 1350 90 90 250 1 200 160
& 110 160 {100 130 1180 120 1120 140 (100 160
7 80 1350 80 500 90 50 60 180 [1oo0 150
8 250 90 1100 150 80 &80 | 100 50 | 280 900
9 230 2490 1230 230 1300 2501 300 330t 400 280
10 100 50 70 100 140 B0 50 110§ 100 70
11 60 130 60 60 60 160 | 100 170 90 200
12 170 280 {300 250 §550 2801 450 330 4000 330
11 90 80 {110 1350 11730 60 ¢ 140 480 | 288G 110
14 60 50 80 70 | 80 60 70 90 90 80
15 16 280 180 480 [ 230 160§ 300 190 1 900 280
16 170 50 80 G0 {120 130 | 160 Bo | 130 180
17 70 50 50 %50 60 50 | 60 70 1100 110
1B 100 90 {100 150 G0 £0 1100 100 1130 130
19 50 60 50 130 g0 200 | 150 60 g0 200
20 60 110 50 80 {130 230 1190 380 150 Loo
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TABLE 2: RECOGNITION THRESHOLDS FOR THE MATCHED WORDS
{ IN MILLISECONDS)
Fach subject recognized two words at each
rehearsal frequency.
COMPETITOR REHEARSAL FREQUENCY
25 10 5 2
SURJECT | 1 2 1 2 1 2 1 2 1 2
1 110 90 70 &0 90 1130 60 8o 1100 70
2 150 800 | 700 400 ] 300 400 {500 180 | 350 100
3 500 40O | 150 1501 480 400 (230 180 | 250 2730
% 140 120 1 160 1801 180 1300 300 140 | 160 260
5 650 1280 | 500 2301 140 200 450 1380 {430 280
& 190 140 | 100 180 1&0"170 130 140 [ 120 120
7 130 1000 | B0O 100 | 850 2130 [ 400 130 | 200 150
8 450 170 | 120 1101 170 210 [ 675 170 {190 380
9 330 600 { 450 1330 { 480 350 (400 550 {800 48O
10 110 90 | 700 50 1 180 120 1130 150 {160 100
11 50 2201 230 150 { 160 50 |120 150 | 150 130
12 800 1000 | 600 750 OO0 900 [550 550 [750 850
13 150 150 | 350 170 ! 150 150 380 170 {180 160
14 200 140 | 140 110 § 500 130 {100 130 (110 110
15 250 450§ 430 250 | 600 BOO |10 170 | 380 300
16 230 160 | 150 230 1 430 190 [250 400 140 280
17 130 70 { 150 120 1 180 130 |110 90 | 120 70
18 100 130 {170 170 | 650 80 [120 100 {110 170
19 130 120 | 180 200 {350 160 190 380 |250 200
20 330 K50 | 480 250 1 120 150 (110 150 1130 190
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TABLE 3: RECOGNITION THRESHOLDS FOR THE CONTROL WORDS
(IN MILLISECONDS)

Each sub ject recognized ten control woxrds.

CONTROL WORD THRESHOLDS

SUBJECT 1 2 3 & 5 é 7 8 9 10
1 120 90 50 130 70 240 80 250 150 170
2 300 850 280 700 330 530 650 300 850 700
! 190 430 400 380 350 400 500 350 420 350
4 260 480 220 340 360 520 180 480 480 300
5 430 W50 230 450 140 190 480 280 430 280
6 230 150 180 190 70 140 530 350 180 430
7 280 650 990 900 300 550 850 330 450 990
8 200 1330 350 100 150 230 1300 430 380 300
9 430 450 400 600 230 1330 600 LBO 450 600

10 300 110 140 110 140 150 90 250 180 150
11 190 80 90 150 250 150 170 8O 130 930
12 800 450 280 530 850 500 200 800 800 S00
13 120 100 100 150 230 140 180 1330 330 990
14 100 140 130 150 120 130 120 160 160 170
15 650 450 400 400 550 750 430 550 380 990
16 150 200 230 280 120 120 150 700 190 120
17 700 170 130 180 180 110 400 230 110 160
18 140 160 330 170 160 110 150 200 150 150
19 140 170 130 150 100 G0 100 200 120 2730

20 100 170 230 160 120 160 190 190 180 330
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TABLE 4:  REJECTION THRESHOLDS AND THE ASSOCIATED

RECOGNITTION THRESHOLDE FOR' THE EﬁTEHED
WORDS (ALL IN MILLISECONDS)

Rejection thresheld. A blank in this column
indidcates that no overt-intrusion occurred.

Recognition threshold for the matched word.

1

2

(029

Lo S

10

11

iz

r REHEARSAL FREQUENCY
25 10 5 2 1

SUBJECT| Rej Rec| Rej Rec| Rej Rec] Rej Recj Rej Rec
50 100 30 60 70 40 - 70 60 90
a0 70 50 80 - 130 - 80 - 110
- 150 - 5001 150 300§ 100 700 - 150
- 100 - 180 - 400 - 400 - 500
120 2501 110 230§ 240 480 - 150 - 500
- 230 - 180 - 4oo - 150 - 400
- 1560 150 300 - 180 7 480 160 - 140
- 260 1401 280 300 - 180§ 100 120
80 430 1%0 4ol 130 140 - 5001 550 650
90 280 330 1380 - 2001 200 2301 180 380
THO 120{ 110 140 140 180 - 100 e 190
150 120 - 1301 110 170 150 180 80 140
150 200 - 4OO | 20O 23D - 800 130
110 ¢ 1501 110 130 - 850§ 280 100 ;3@ 1000
- 190 - 6701 190 1701 100 110 k50
- 380 180 170 230 210 - 120 150 170
380 &o0 - koo - B8O 1 650 A50 1 200 &00
380 4RO 230 5501 300 1350 - 130 - 3130
- 100 - 130 - 180 - 700 &0 110
- 160 - 150 - 120 30 50 - 90
110 150 70 120 - 50 30 150 - 50
120 130 80 130 - 1601 170 230 180 220
700 750 - 550§ 550 1000 - 750 1 280 1000
250 850 - 5501 380 900! 3180 600 - 800
-~ 160 - 3801 150 1507 200 1350 - 150
- 1801 130 170 - 1501 1h0o 170 - 150
- 110 - 1301 150 500 - 1401 180 200
- 110 - 100 - 130 60 110 - 140
250 380 - 170 - 800 | 300 4730 - 250
- 300 - 190 - 600 i 200 250 - 450
-~ 1405 380 hoo - 450 - 270 - 160
250 2801 230 250 - 190 - 140 100 230
- 70 - LI0F 120 1304 110 150 50 70
100 1201 110 g0 170 180 - 120 - 130
190 170 - 1001 480 650 160 170 - 100
130 110 - 120 80 - 170 - 130
110 250 60 380 18@ 160 - 180 g 120
80 200 90 190 80 3501 130 2007 120 130
160 190 90 110 50 150 120 2350 - 330
170 150 80 150} 110 120 100 480; 400 5530
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THE ORDERS TN WHICH SUBRBJECTS PERFORMED UNDER

THE THHEE CONDITIONS

H = High familiarity discriminations.

L = Low familiarity discriminations.
I = Low fTamiliarity idenitilficatiocns-
]

SUBJECT | SESSTON ORDER SUBJECT | SESSTON ORDER
1 1 HLTTLH 2 - 1 LIBHIL

2 LTHHIL 2 THLLEL

3 THLLHT % HLITLY

Iy THLLHI 4 HLIILH

5 LTHHTL 5 ITHLLET

& HLITLH & LIWHIL

3 1 IHLLHT L 1 TLHHLT

2 HLITLH 2 LHITHIL,

3 LIHHIL 3 HILLIH

4 LIHHTL. Iy HTILLIH

5 HLITLY 5 LHITHL

& THLLHT & ILHALT

% 1 LHITHL & i HILLIH

@ HILLIH 2 TLHHLT

3 TLHHLY 3 LEITHL

1 TLHELT i LATIHL

5 HILLIH 5 TLHHLT

& LETIHL 6 HILLIH
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TABLE 2: TOTALS AND SUB-TOTALS OF CORRECT AND

INCORRECT RESPONSES

LFD CONDITTON

Samie = !'same! trials.
Total = all trigls.
[ = gorrech.
Diff = *different! trials.
1 = idncorrect.
Same nDiff Total
DURATTON
SUBJECT | {MILLISECS} | C 1 |c 1 C L
1 50 31 25 | 34 21 65 4h
55 39 21} 26 25 65 L6
60 b 16§ 31 ALl 72 33
70 Il a1 1 18 ih 62 by
950 bk 19| 29 i3 73 32
200 50 81 37 1L 87 19
2 5O 31 12 | 30 20 61 32
55 L 181 28 L& 72 36
60 49 Lo | 25 1h h %
70 Lé 21123 15 69 36
g0 Lé 15 | 32 13 78 28
200 50 9145 8 95 17
3 50 46 Lo | a2 26 68 36
K5 55 10 | 19 21 i 4l
60 63 13115 16 78 29
70 46 L3118 28 | 64 43
G0 B2 6133 18 8n 24
200 5k 2141 i3 95 15

{continued on next page)
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Same Difef Total
DURATTION

SUBJECT (MILLISECS)] © 1 G 1 o 1
b 50 37 R3 17 32 54 55
55 he 13 15 30 61 45

60 62 113 h 20 76 33

70 48 12| 17 27 |65 39

90 52 10 20 26 72 36

200 51 7 37 17 88 24

5 50 36 22 21 30 57 5&
55 Wi 18 27 20 71 a8

60 hy 17 17 25 &4 42

70 shoo17 {15 20 | A9 37

S0 54 7 25 19 79 26

200 4o i 41 21 8O 28

& 50 36 22 25 28 61 50
55 42 =20 27 19 69 39

60 37 23 17 26 54 Lo

70 50 25 17 17 67 k2

g0 4y 18 23 22 66 4O

200 ha 5 35 1k 19




TABLE 3: ‘IOTALS AND SUB-TOTALS OF CORRECT AND
INGSRREST RESPONSES
HFD CONDITION
Same 'same! trials,
Diff tdifferentt trials.

R
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Total All trials.
C correct.,
1 incorrect.
Same Diff Total
DURATION
SUBJECT | {MILLISECS) C 1 c 1 ¢ 1
1 50 36 21 | 37 14| 73 35
35 40 20 41 11 51 31
60 by 13 Fdy 9 g1 22
70 52 14 L7 1 GG 15
90 s 12 55 4 098 18
200 50 7 53 2 1103 g
2 50 Ly 16 41 16 85 32
55 41 11 55 10 96 21
60 hs 15 L 7 G2 22
70 Lo 14 55 Y 1102 18
90 48 15 LB 4 96 19
200 55 4 54% 3 1109 7
3 50 32 22 50 8 82 130
55 37 k3 Le 7 83 30
60 35 30 49 4 78 34
70 Lz 22 L8 3 a0 25
90 50 & 61 1 1111 5
200 51 5 54 0 }105 5

{continued on next page)
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Same Dirf Total
DURATION
SUBJECT {MILLISECS) C 1 C 1 ¢ 1
& 50 51 17 23 23 g ho
55 45 13 25 28 70 h1
60 59 g 32 10 g1 19
70 Ly 9 4 1n 51 24
90 50 10 Ly 11 g4 21
200 51 6 56 1 }107 7
5 50 37 18 30 27 67 45
55 54 1h 31 15 85 29
60 ho 16 31 1R 80 34
70 38 G 36 11 ol 20
g0 &2 2 b4 9 {106 11
200 Lé 4 58 7 oH10h 11
6 48] 37 1R 16 22 73 h0
55 R0 15 38 20 78 35
60 38 19 38 13 76 34
=0 Wy oo1i iy 9 ol 20
90 51 10 3% 13 50 273
200 55 2 55 4 {110 &




TABLE 4: THE TOTAL NUMBER OF LETTERS CORRECTLY REPRODUCED AND IN THE

CORRECT POSITION . ..
LEL COKDITION

Number of trials per cell = 60,

The average value of Sp for each cell = Numbeggcorrect
DURATION 1IN MILLISESLG D B
50 55 B0
LETTER POSITION LETTER POSTTION - LETTER POSITION
SUBJECT 1 2 3 4 5 6 7 1 2 3 4 5 .6 -7 B 5 4 5 6 7
1 28 28 16 17 8 20 8 39 42 31 32 12 25 hs 27 32 18 18 19
2 L& W2 28 32 20 16 13 e 53 36 26 17 24 51 31 19 21 15 19
3 38 4s 27 25 7 29 20 51 51 31 35 10 23 56 35 33 29 23 34
I 22 30 17 17 6 16 6 2% 27 23 28 12 21 31 24 26 18 18 14
5 38 32 8 25 12 18 17 48 135 16 26 13 18 51 24 20 19 23 29
& 1% 18 9 19 13 1% 3 21 34 19 20 9 17 31 22 35 12 25 4

(continued on next page)

(2 xtpuaddy}
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DURATION IN MILLISEGCONDS
70 90 200
LETTER POS ITTON LETTER POSITION "LETTER POSITION
SUBJECT 12 3 4 5 6 7 i 2 3 b o5 6 7 12 3 4 5 6 7
1 54 52 41 36 29 28 27 54 53 45 28 27 36 135 59 56 53 51 50 38 54
2 53 53 35 27 19 18 23 55 55 b3 34 27 23 24 57 5h 46 39 39 28 44
3 55 B4 36 Uy 22 28 26 58 36 44 50 31 38 32 60 59 34 54 46 51 46
W 2 43 38 32 25 26 17 48 51 35 4z 21 32 24 %52 56 50 52 43 31 40
5 52 38 24 30 19 18 131 85 48 33 31 32 25 41 59 56 43 43 41 36 42
6 B4 44 24 37 17 26 12 50 49 136 L6 26 133 17 58 88 52 54 732 44 30

(z xrpusddy)

hhé



TABLE %: THE TOTAL NUMBER OF LETTERS CORRECTLY REPRODUCED IRRESPECTIVE
OF POSTITION

LEL CONDITION

Number of trials per cell = 60. _
The average value of S¢ for cach cell = Numbeg correct
0
Correct reproductions are entered according to the position in which thev were
written by the subject.

DURATION IN MILLISECONTDS
50 55 60
LETTER POSTITION LETTER POSITION LETTER POSITTION
SUBJECT 1 2 3 4 85 & 7 1 2 3 4 5 6 7 1 2 3 4% 5 6 7
1 33 3% 35 35 21 33 17 hz 48 40 39 24 32 21 B8 46 36 41 31 27 25
2 5L 45 35 39 30 21 19 W8 55 43 33 25 32 23 52 53 139 29 30 23 23
3 39 53 38 38 21 35 26 54 55 44 46 22 38 26 57 55 39 45 35 33 37
i 30 36 28 26 18 21 8 31 32 31 38 15 26 11 36 ho 37 32 25 26 22
5 hi 37 18 32 24 277 22 ho 41 20 31 26 32 27 51 44 30 29 27 32 34
6 19 28 21 29 22 17 O 29 41 26 29 19 32 13 38 44 31 41 29 31 15

{(continued on next page)

{2 xtpuaddy)
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TABLE 5 (continued)

DURATION

XN MILLISE®UGD?O

NDS

70

90

200

LETTER POSITION

LETTER POSITION

LETTER POSITION

1

SUBJECT 12 3 4 o5 67 12 3 4 5 & 7 L2 3 o5 6 7
1 54 55 47 bz 4y 22 3k 54 55 53 39 37 A5 Lo 56 58 56 55 51 ho 54
2 54 56 47 36 30 26 26 55 35 50 41 40 29 29 57 56 34 43 52 35 53
3 58 55 b6 50 30 33 28 58 58 52 54 37 38 36 60 60 56 58 49 53 49
L 43 50 43 38 32 33 19 48 54 B3 44 28 37 25 58 56 53 55 47 32 43
5 553 47 32 hz 34 24 57 56 52 39 46 36 34 43 59 57 50 hé La 41 4k
6 Wi kg 32 41 28 132 19 51 54 47 52 34 39 19 58 59 56 56 46 L6 3k

( xtpuaddy)

ofa
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TABLE 1l: THE NUMBERS QF CORBECT AND INCORRECT
RESPONSES FOR EACH SUBJECT AND CONDITICN
ALL: TRIALS
£ o= correct.
I = incorrect.

PRIOR EXPERIENCE OF COMPARATCR WORD

{SECONDS)
0 1 11

SUBJECT C I c 1 c

1 39 16 45 10 45
2 33 19 40 15 37 18
3 38 17 38 14 38 17
4 31 2L ho oo 1B a1 24
5 ho 15 43 1z h2 10
& 29 26 35 17 Lo 13
7 b2 13 Fé4 1 7 5
8 535 17 W, 1h Lz 13
9 37 18 b3 9 “Q 15
10 3% 18 hi o 1h 35 20
11 36 19 35 20 2h 28
1z 32 29 Ly 11 Ll 11
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TABLE Z: THE NUMBERS OF CORRECT AND INCORRECT
RESPONSES FOR FEACH SUBJECT AND CONDITION
TSAME' TRIALS
C = correct.
I = incorrect.

PRIOR EXPERIENCE OF COMPARATOR WORD

{SECONDS)
0 1 11

SUBJECT C I ¢ T c 1
1 24 5 27 2 26 2
2 17 1x 27 2 z7 2
3 26 3 26 2 24 5
I 20 21 8 24 5
5 25 27 2 26 2
6 16 13 19 9 26 3
7 18 11 28 i 26 2
8 20 8 24 3 27 2
9 18 11 25 43 22 7
10 20 8 25 4 2k 5
11 22 7 23 6 L7 il
12 ih 15 22 & 27 2
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TABLE 3: THE NUMBERS OF CORRECT AND INCORRECT
RESPONSES FOR EACH SUBJECT AND CONDITLON
tDIFFERENTY TRIALS
¢ = correct.
i = dincorrect.

PRIOR EXPERLIENCE OF COMPARATOR WORD

( SECONDS )
y 1 RET!

SUBJECT C L ¢ i C I
1 15 1l 18 8 19 '5
2 16 & 13 13 10 16
3 12 14 12 12 1 12
4 11 13 19 7 719
5 is 11 16 10 16 8
6 13 13 16 8 16 10
7 24 2 26 0 21 3
8 15 g 17 9 15 11
9 19 i 18 6 18 &
10 14 10 16 10 11 15
11 14 12 1z 1h 7 17
12 18 8 19 5 17 9
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TABLE 1: NUMBERS OF CORRECT AND INCORRECT RESPONSES
FOR EACH SUBJECT AND CONDITION
ALL TRIALS
C = correct.
I = incorrect.
NUMBER OF ALTERNATIVE COMPARATOR WORDS
2 x 107 h 1
SUBJECT C I ¢ I C I
1 273 12 33 5 32 6
2 16 20 31 6 532 4
3 24 12 25 12 33 5
b 25 1L 7 2 153 6
5 29 9 33 5 35 2
6 18 17 18 20 26 1h
7 27 8 31 7 33 5
8 21 15 27 10 28 8
G 33 3 30 7 33 5
10 2h 12 1 5 37 z
11 26 iz2 34 4 28 g
12 25 10 30 8 14 H
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TABLE 2: THE NUMBERS OF CORRECT AND INCORRECT RESPONSES
FOR EACH SUBJECT AND CONDITION
'SAME! TRIALS
C = correct.
I = incorrect.

NUMBER OF ALTERNATIVE COMPARATOR WORDS

2 x 107 b il
SUBJECT c I C ¥ ¢ I
1 13 L 19 1 19 0
2 & 11 15 4 1é 3
3 9 10 15 8 15 3
4 17 2 21 0 17 1
= 16 4 L& 3 18 1
6 ' 9 11 7 16 4
7 13 4 i5 5 18 1
8 14 ) 18 1 18 1
9 17 2 20 3 15 3
10 173 6 19 2 17 1
11 10 8 19 0 19 G
12 12 i i5 3 18 2
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TABLE 5: THE NUMBER OF CORRECT AND TNCORREQT
RESPONSES FOR BACH SUBJECT AND CONDITION
'DIFFERENT! TRIALS
C = coryrect.
T = incorrect.
NUMBER OF ALTERNATIVE COMPARATOR WORDS
5 x 107 4 1
SUBJECT C T G T C T
1 10 & 14 &4 13 é
2 10 g 16 2 16 1
3 15 peJ 10 Iy 18 2
i 8 9 16 2 16 5
5 13 7 17 2 17 1
6 11 & 7 13 10 0
v 14 i 16 2 15 I
8 7 12 9 9 10 7
G 16 1 10 4 18 z
10 11 6 15 73 20 1
11 16 4 15 ) 9 9
12 13 & 1% 5 18 2
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TABLE 1: THE PROPORTIOKS OF INCORRECT RESPONDES ON
DIFPERENT! TRIALS SHOWN ACCORDING TO THE
LETTER POSITION AT WHICH THE CHANGE OCCURRED

Display durations 50, 55, and 60 milli-
gseconds combined.

HrD CONDITION

LETTER POSITION

SUBJECT 1 2 5 l 5 6 7
1 .06 .36 .28 .21 .16 .22 .30
2 L% L0408 L1y LA L34 98
3 .03 .06 .53 .05 .15 .07 .13
y SR L2000 .29 .31 .69 .59 .56

L2000 .67 .21 .52 BB .57 .52
LB .61 L2880 .27 k4 0% 30

O Ut




257
{Appendix 5)

TABLE 2: THE PROPORTIONS OF TRCORRECT RESPONSED ON
'DIFFERENT ' TRIALS SHOWN ACCORDING TO THE
LETTER POSTTION AT WHICH THE CHANGE OCCURRED

Display durations 50, 55, apnd 60 milli-
seconds combined.

LD CONDITION

LETTER POoOsITTON

SURJECT 1 ol 3 4 5 6 7

JL9 .32 .2k .53 .5k .71 L43

2 .00 .00 .14 .69 .52 .62 .67
3 .13 .2h .88 .50 .60 .92 .73
2 .36 .50 .65 .83 .73 .63 .81
5 L22  Jhh .50 L1 L7s 0 LBB .61
& L4420 .29 48 L856  LLD 7B .63
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{Appendix 6)

TABLE 1i: THE NUMBERS OF CORRECT AND TNCORRECT
RESPFONSES IN THE HFI CONDITION FOR
EACH SUBJECT AND IST

¢ = gorrect. I = dnecorrect.
Same = !same! trials. Diff = 'different'! trials.
INTER-STIMULUS INTERVAL (MILLISECONDS)
o Lo
Word 1 Word 2 Word 1 Word 2
SUBJECT same DAiffF same Riff same Diff gsame Diff
1 C 13 21 L7y 25 18 20 14 21
T 11 & 11 1 5 10 12 5
2 G L 19 19 21 18 19 17 24
T 10 11 8 6 10 & 10 4
4 C 13 26 2. 22 17 27 16 15
T 12 2 6 & 6 5 12 9
i ¢ 16 17 22 16 22 19 2z 10
T 9 11 g8 1o 3 10 5 9
100 100
1 C 18 2l 11 24 12 28 16 26
T & 2 13 5 12 1 1z 2
2 C 15 26 18 17 2% 25 17 2p
1 7 & 11 9 3 5 iz 3
3 C 1.6 27 20 el 17 30 21 21
i 9 4 7 6 6 1 6 h
b C 21 2h 21 14 2r 20 19 1.8
I i 5 2 12 1 & 7 g
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