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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
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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.



.
[

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
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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).
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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.



188

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.
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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



ol

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



229

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.



290

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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EXPERIMENT 1
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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.
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{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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(Appendix 1)

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




o
£ 30

{Appendix 1)

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}
L2



TABLE 4 {continued)

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
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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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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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