
EXPERIME!\T 4: THE DEPENDENC~ OF WORD DISCRIMINATIO.'< 
ON THE Nffi.IBER Q]' ALTERNATIVE COMPARATOR WORDS 
~!L.QlL~HE~~OWLEDGE OF THE VARI~QRDS 

This experiment continues the attempt to determine 

how general the e:fTect of pr,ior experience on the 

stimulus component is likely to be. Again the interest 

centers on the nature of the prior experience.. Two 

aspects were studied: the number of alternati,ve 

comparator words, and the knowledge of the varl,ant 

words. 

7.1.1 The number of alternat:ive comparator 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 ••ord, but 

there are many more in which he is prepared for one of 

a number of alternatives. lu view of thi,s it is 

important to know whether or not the ef,fect or prior 

experience on the st,imu,lus component depends upon the 

subject being prepared for a single comparator word. 

Performance o:f many kinds has of course been shown 

to vary ••ith the number of alternativ·e stimuli. For 

word recognition such an <>.ffec t was shown by Postman 

and .Bnmer (1949). They found that recognition 

thresholds were higher when subjects were told tba t 



the displayed word would be ei. the r a colour name or a 

food name, than when they were told it would be a 

colour name~ However, a similar experiment by 

.Freeman and Engler ( 1955) .failed to show any 

dif'ference between the so dual and single sets. 

Brow-n and Skinner ( 196/.t) provide evidence that these 

different outcomes were due to Postman and Bruner 

displayi.ng two words on each trial. and .Freeman and 

.Engler only one. In the present experiment onl.y one 

word per dispJ.ay was used. Independence between 

per.f'ormance and the number o.f alternatives may therefore 

be expected on the basis o:f Brown an.d Skirmor 1 s 

This expectation ca1mot be strong, however, 

as the separation of s timul.us and supplementary 

components may well show effects that were prev:lous.ly 

concealed. 

7. L 2 Knowled,~f the variant words 

The relevance of this aspect of prior experience 

to the prob.lem of genera.li ty was noted in the 

introduction to experiment J, As the results of that 

experiment were equivocal, it is importan.t ·to know 

whether knowledge of' tbe yariam words is essentia.l 

to the effect of' prior experience on the stimu.lus 

component when the comparator word is highly famili,ar .. 

In experiment .3 the stimulus eomponen t was found 

to decrease with an increase in the amount of prior 

experience of' the comparator word, due to an increase 

ins (the probabili.ty of the subject saying 1 Same 1 on 

'different' trials). As already mentioned, this 

resul.t suggests the occurrence oi' competitive 



processes, and is to some extent in keep.ing wi"th the 

theories based on competition. These theories 

predic"t that the value of s will not decrease when 

greater amounts of prior experience are given, and 

may even increase. 

7.2.1 Outline 

Word discrimination was studied under three 

conditions. ln the first the sub,ject was ready for 

a single highly familiar comparator word. In the 
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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 CVCVCVC. In all 

three conditions the display sequence was exactly the 

same as in the LFD condition of experiment 2. The 

three conditions may bes1; be designated by the number 

oi' alternative comparator words whi.ch were possible 

on each trial; that is, as the 1 condition, the l; 

condition, and the 2 X 107 condition, The 1 condition 

was very si.milar to the IIFD condition of' experiment 2. 

The subject always knew which word was to be the 

comparator word, and all were highly familiar to him, 

This concH tion diff'ers from the HFD condi tlon in that 

the subject was en no prior experience of the 

variant words. The words displayed on 'different' 

trials were therefore words never seen before. In 

the 4 condition the comparator word on each trial was 

randomly selected from 4 different, highly :familiar, 

words, The subject always knew what these 4 words 



were. Apart from the number of alternative comparator 

words possible, condition 4 was the same as condition 

1. The 2 X 107 condition was the LFD condition of' 

experiment 1 again. The comparator words <<~ere 

randomly selected ±'rom all possible cvcvcvc• s, and 

none were frunili.ar ·to tl'te 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. 

7 .. 2 .. 2 Design 

The experimental design was again a, 3 X 12, 

design. Serial and order ef'fec ts were con tro lied as 

in the previous experiments, except that a balanced 

design within subjects was not used. In partial 

compensation for this, a lange~" practice period was 

given. Again 1 condi ti.ons were g~ven in a counter~ 

balanced order across subjects. Each possible order 

of the three conditions occurred for exactly two 

subjects. 

7.2.3 Procedures~ instructions 

One session, lasting about hours, was requirBd 

per subject. The sessions began with at least 15 

minutes practice, in which the displayed words were 

selected as in the 2 X 107 condition. 

Thf; experimental trials f'or each condi.tion were 

given in a single block, with hO discr.iminations per 

condi t_ion~ These were divided into four sets of' 10 



dJ_scriminations .. Every set of 10 discriminations was 

preceded by four brief disp.lays which, in the 1 and 

4 conditions, reminded subjects of the comparator 

words to be prepared for. In the 1 eondi tion a 

different comparator word was used for each set, In 

the /1 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. Each subject was given his four comparator 

words at least a day bef'ore ·the experiment and 

requested to learn them. For the 2 X 107 condition 

I+O comparator words were required per subject, and 

for each subjec·t a new set of ho was used. 

Instructions were given during ·the practice 

session according to the protocol given in Section 

5.2.3, except that sections .5 and 6 were omitted and 

the ±'allowing added: 

At the start of the 1 condition tell subject 

that one comparator word will be used in each 

set of 10 discriminations, and that the one to 

be used will be shown to him four times at the 

beginning of each set, 

At the start o.f the 4 condition tell subject 

·that on every trial the comparator 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 107 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 beginning of each set is 

irrelevant to the experiment and is included 

only for control purposes. 

7.2.4 Subjects 

The subjects '"ere 12 psychology undergraduates, 

acting as unpaid subjects in partial t'ulfilment of 

their course requirements. Their ages ranged :from 

18 to about .36 years. Si.x were male, and six were 

female. None had been used in previous experiments. 

7.3 Results 

The number of correct and incorrect responses 

for each subject and condition are given in Table l 

of' Appendj.x 4. The separate totals for 'same' and 
1 dif'feren t 1 trials are gi von in Tables 2 and 3 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 discrim;ination performanc~ 

The number of' letters discriminated by each 

subject under each condition were calculated from 

the results given in Tables 2 and J of Appendix 4 

and are given in Table 1. 



SUBJECT 

1 

2 

J 
l; 

5 
6 

7 
8 

9 
10 

OF ALTERNAT.IVE 

2 X: 107 

2.9 
o.o 
5.) 

O.J 
.5 .o 
.L6 

6.5 

COMPARATOR WORDS 

4 

5.4 
6.0 

).9 
6.2 
6 • . 1 

o.o 
6,0 

1 

4.8 
6.5 
6,2 

6.6 
2.6 

5.4 
4.0 
6,2 

5.7 6.6 

11 I 4.5 3.5 3.5 1 

~--~-·-,_s-==r=--~----~·-~-:-·---.. ~~===-.. -:-~-:---------:-:-~----4"' 
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Agai.n the use o:f a si.ng1e display durati.on o:f 100 

Illilliseconds (with pre-s't.imulus and post-s'timulus 

noise :fields) is seen to be reasonably satis:F.ac'tory. 

No subject always saw ali. o£ t.he word, and no subject 

always saw none o:f the word, 

To determine whe'thcr 'the di:ff.'erences in letter 

d.iscrim.ination scores under the d.i:fi'erent cond.i tions 

were significant an analys.is o:f variance was perf'ormed. 

The results o:f this ana1ysi.s are given in Tabl.e 2. 
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SUMl'lARY OF ANALYSIS OF' VARIANCE PERFORMED ON 
],.ETTER DISCRDUNATION SCORES 

SOFRCE 01<' ,'UM DEGREES NEAN 
F p 

VAlUATION OF or SQUARE 
::QUARE'S FREEDO~i 

Prior know,<w>g~ 2J.6 2 ll .• 8 6.9 <·01 

Sub cts 61 .. 2 H 5.6 
Prior knowledge 
X subjects I J6.4 22 1.7 

!'rot al. I 121.2 :!5 

The signit'icance of' the conditi.ons effect justi:fies a 

more detailed analysis. The critical difference between 

any pair of' means required for significance at 1:he .05 

level on a two way t-test is 1.1. Comparison of the 

means of Table I on the basis of this value shows 

that performance under both the 4 and 1 conditions 

was superior to that under the 2 X 107 condi.tion. 

Letter discrimination perf'ormance is thus raised by 

pri.or experience of the comparator words alone. 

Readiness for a single comparator word is also seen 

to be unnecessary. When the subject was preparHd for 

any one of four comparator words _his performance was 

still significantly raisHd by prior knowledge of 

those words. It is also important to determine 

whether performance is worsened if the subject is 

prepared for :four comparator words rather than just 

one.._ On this test the diff'erence between the 1 and 

4 conditions does not approach significance. 

However, a further exami.na tion of this question wil.l 

be reported in the next section. 
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Is the i.ncreased performance more likely to be due 

to changes in duration-sensitive or in duration­

insensitive performance? An indication is given by 

the means of Table J. These means are aga:i.n produced 

by dividing the 12 subjects into two groups: all 

those scoring above the mean on the 2 X 107 condition, 

and all those scoring below the mean. 'rable 3 gives 

the means for those two groups under each condition. 

TABLE 3: MEAN LETTER DISCRIMINATlO;'>I PERFORMANCE 

Nlc'MBER OJ;" ALTERNATIVE 
CO~PARATOR WORDS 

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 4.4 j,O 

These results indicate that knowledge o.f the comparator 

words improves the performance or subjects 

discriminating 2 letters on the 2 X 107 condition 

more than that of' subjects discriminating 5 letters 

on the 2 X 107 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 proportions of' correct responses are given in 

Table 5, together with the probability that the 

dif'f'erence between individual pairs of means would 
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occur by chance (estimated by the Normal approximation 

to the Binomial distribution). The dang·ers in making 

.inference from multiple comparisons are assumed to be 

mitigated by the small probabilities obtained, and by 

the analysis of variance performed on the letter 

discrimination scores. 

TABLE 4: NUMBERS OF CORRECT AND INCORRECT RESPONSES 

NUMBERS OF ALTERNATIVE COMPARATOR WORDS 

2 X 107 4 l 

Correct In- Correct In- Correct 
In-

1Dit'feren 
trials 

'Same' tr 

t• 

ials 

-· 

correct 

144 76 

147 65 

291 141 

correct correct -------
160 54 180 50 

203 37 206 20 

363 91 386 70 
·--

TABLE 5: PROPORTIONS OF CORRECT RESPONSES 

NUMBERS OF ALTERNATIVE COMPARATOR WORDS 
~ 

2 X 10 1 4 1 

'Di.fferent' trials ,655 .748 ·783 
~ < .05) ~ 

f--( > • 3 )----1 

~ 
I '< . Ol I 

["' trials .693 . 846 ·912 
( (< .or) ) 

---( < • ci 5 }----4-
~ I~ \ " ,, . 01 1 r 

With respect to the comparison between the 2 X 107 

cond:l tion and the other two conditions these results are 

in keeping w]. th the conclus.ions drawn :from the analysis 

of variance. These tes"ts make more efficien"t use of the 
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data, however, and unlike the analysis of variance ·they 

indicate a difference between the 4 and 1 conditions. 

The sig:nifican t dif'ference between the values of q 

under these two conditions indicates a difference in 

letter discrimination, and not simply a change in 

guessing strategy. If the difference in the values 

o:f q were due to a difference in guessing rates, the 

probability of' a correct response on 'differ en t 1 

trials would be less under the l than under the 4 

condition. It can be seen from Table 5 that this was 

not the case. 

7·3·3 Some comparisons between experiments J and 4 

Experiments J and IJ. \vere performed under very 

similar conditions. The procedural differences that 

there were, such as the slightly greater number of 

discriminations in exper:l.men t .3, and the differences 

in the :form of control for serial ef'fects, are 

unlikely to account f'or the observed di.:f:ferences in 

peri'ormance. Comparison between the experiments 

therefore seems reasonable~ The question of interest 

is whether the greater amount of experience of the 

comparator word in experiment 4 produced any greater 

increase Jn performance than the few seconds of' 

experience in experiment J. The relevant comparison 

is between the 1 second condit.ion of' experiment J 

and condition 1 of experiment h. The proportion o:f 

correct responses on !dif'ferentt trials af'ter much 

learni.ng is significantly greater than the proportion 

after l second prior experience (P <.01). The 

proportion on 'sa:rne' trials is signi:ficantly greater 
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at tlw .05 leveL That this dif'f'erence is performance 

is not due to subject and procedural difference, can be 

seen by comparing the condj_ t:ions o:f no prior experience 

in the two experiments; that is, condition 0 of' 

experiment J and condition 2 X 107 of experiment 4. 
The dii'ferences in the proportions of correct response 

between these two condi.tions are small and do not 

approach significance. Letter discrirn~nat~on 

performance was therefore better when the comparator 

word was highly .familiar than when it was seen for 

either l or 11 seconds. 

7•4 Discussion 

A rough estimate of the generality of stimuJ.us 

component facilitation is no1v possible. The effect 

of' prior exper.ience on the stimulus component does 

not depend upon the subject bei.ng prepared for only 

one comparator word~ It still occurs when the subject 

must be ready to discriminate the display against 

any one of a nUJIJber or possibilities. In addition 

the e:ff'ect does not require that the variant words 

be known. Situations in >vhi.ch the subject is 

prepared f'or one of' a f'ew highly familiar words are 

relatively common. In normal reading~ for lnstance, 

most words arc highly :fw'll:Lli.ar, and both context and 

per:l.pheral vision o:ften limi.t the number or possible 

words. 

work. 

Such situations also arise .in experimental 

Consi,der, for :instance, experiments studying 

the e:f:fect of built-in rehearsal :frequency on 

thresholds, such as that of' Solomon and Postman 

( 19'52) or experiment 1. In these experi.ments some 



words become h.i.ghly familiar, and partial. information 

from pre·~recognici.on presentations, together with the 

rehearsal itself, will often lim:it the number o.f' 

possible words. 1t is there:fore reasonable to suppose 

that in a substant.ial number of situations the stimulus 

component of word recogni.tion will depend upon prior 

experience. Ko more precise statement of the degree 

of generality is possible because only' a few values 

of' learning duration and number of' alternative words 

have been studied. 

In addition to the implications with respect to 

generality a few other points emerge from experiments 

3 and h. These w-ill be discussed in the remainder o.f' 

this chapter. 

Experiments 3 and 4 indicate that there may be a 

range or exposure durat,ions over whi.ch prior experi.ence 

has little or no effect on the stimulus component, and 

that large effects may occur only with large amounts 

of prior experience. These indications suggest a 

type of functioni.ng whtch .is not unreasonable in view 

o.f the large proportion of stimuli that are met only 

once or twice during a person's lifetime. It would 

be of' little use to process the input in terms of 

whe the:t' :it was or was not one of these. Recoding 

early in the transmission sequence will only be useful 

i:f performed .in terms of stimuli. that occur 

f'requently. W.b.at 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 amount of· prior experience. 



The dependence of' the stimulus component on the 

number of' a1ternat.ive comparator words .is a most 

!Jnportant result, because .i.t provides a possible 

mechani.sm .f'or the ei'fects o:f con text and other 

v~ar.iabJ.es of 'perceptual set 1 " 

that these variab.les, on some occaslons 1 a1 te:r the 

number of al ternatlves :for wh:ich 1:he subject sets 

himsE>.Lf, If this is the case, then they also al.t er 

the st-imulus component~ The results of' experiment 4 

therefore prov:tde evidence that at least some of the 

many kn.o\>n e.ffects o.f such ·v·ari.ables involve changes 

in the ,st,j_mttl!J_s component~ 

The mechanism of the effect of number of 

alternatives i.s u.nknownc It might involve effects 
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on .read"'·out processes, or e.ffects on read-i.n processes 

(i .. e. the transf'ormati.on or the input into the :form 

:in whi.ch it is read-out). ~o teehoiques capable of 

settling th:is issue are at present avai.lable. One 

e.xper:iment wh:ich i.s pos;;dble, however, is t:hat of 

deterrni..ning how long it takes f'or the .input 

processing systems to get :i.nto the state of' readiness 

for a si.ngle word, That some length of time is 

requ.ired i.s demonstrated by ·the di.fference in 

performance be tween conditions l and 4. 
display could warn sub,jeets of the relevant 

comparator word shortly be!ore presentation of the 

targei; word'" By varying the interval between the 

warning and target dispJ.a:ys the requlred warnlng tlme 

could be detexnined .. 
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The predietion of competition theories that, wi, th 

no knmv.ledge of the variant words, the probability s :is 

greater for highly f:amili,ar than for unfamil:Lar words 

was clearly not confirmed. The probability s was 

instead much smaller for highly familiar words. 

The f,:inal point is !;hat prior experience affects 

the stimulus component even when the variant words 

are unknown. It appears, therefore, that both 

di.£f'erence and ident:ity relations between input and 

famil:iar words are computed and used in the processing 

of the :input. Whether the identity o£ the di££erence 

is computed, or only the fact o£ difTerence, cannot 

be known from this experiment. 
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CHAPTER 8 
~.---~----,---~---~-'-~" 

Experiments J and 4 have shown that t.he errect or 

prior experience on the stimulus component of word 

recognition is likely to be or considerable generality. 

Attention now retuTTIS to the mechanism of this effect. 

From the results or experiment; 2 it was concluded that 

prior experience or the displayed words arrects the 

stimulus component by allowing the input to be elassiried 

as a particular word prior to read-out. With all 

relevant aspects or the input thus g·iven in a single 

classification limitations in the read=out and storage 

systems are avoided~ rr prior experience does rnodiry 

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 

arrected by prior experience. A test or this prediction, 

for some phenomena at 1east 9 is an important st-ep in the 

conrirmation and development or the theory. 

The best documented phenomenon believed to result 

from the read-out of a number of separate classifications 

is the letter_E.£2.ition errect. The letter position 

effect is the relationship between the relat:ive position 

of letters in a word and the proportio~ of trials on 

which they are correctly recognized. The whole~word 

theory predicts that this erf'ect will depend upon word 

ramiliarity. However~ no 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, it 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 effect and gives the 

reasons f'or believing it too result from read out of' a 

number oi' separate classifications. It then re-analyzes 

the results of experiment 2 to see if the relation between 

letter position and performance depends upon word 

f'ami li ari ty. Finally it discusses the implications of the 

results for the whole-word theoJ;y, and for current 

explanations of' the letter position effect, 

8.1 A review of research on the effects of letter position 

The relation between letter position and recognition 

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 i'ew years later, workers in the German laboratories 

discovered that accuracy tended to rise again for the last 

one or two letters, producing 

relation, Their results were 

an asymmetrical bow-shaped 

reported by Woodworth (1938), 

who explained them in terms of' mutual masking ef'f'ects. He 

supposed that letters close together would come to overlap 

at some stage in the visual receptor systems, thereby 



reducing legibility; end letters, being ov~rlapped only 

from one side, would suffer lEiss masking, and would 

therefore be better recognized, He gives convincing 
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demonstrations of' such mutual masking t:::-ffee-ts,_, Re-solutJon 

deficiencies of a similar kind have belen suggested recently 

by Averbach and Coriell ( 1961), The implications of these 

notions seem not to have been exp.lored!! bltt they are of 

great interest as no transformations ma.int:aining the 

topological relations of the st:tmul.us display could achieve 

such masking. 

In 1927 Crosland, using centrally fixated nonsense 

words, re·--discovered ·the phenomenon~ An examination o:f 

the dependence of the lette.r position effc>ct on word lengt,h 

gave him the results shown in F'i gure 1" Crosland o:ff'ered 

no explanation of his .resui T", but Anderson and Dearborn 

suggested that: 

Crosland's results may be reJ.ated to the 
direction of the English language. Learning 
to read, wr.ite, and spell are aLl a~complished 
from left to right in Eng I ish, L.cft"' to~.r ight 
eye movements were not a f'ae-tor in Crosland 1 s 
experiments 1 in as much as the f'ixat.ion point. 
was controlled at the centre of the word, and 
100 ms. of exposure time does net permit a 
change of fixation, Crosland's :resul1: may be 
said rather to exp.r·ess a left-to-right 
mindedness, which the practci.ce of' lef't.~to­

right eye movements serves to bring about, 
(Anderson and Dearborn, 19 ')2, p, 225·,227) 

A different line of thinking was begun by ~!ishkin and 

Porgays (1952) who, apparently unaware of the earlier wo.rk, 

discovered a new positional effect. Their study had its 

origins in Hebb' s debate 1vi th the Gestalt theorists over the 

problem of stimulus equivalencG, It~ aim ~as to show that 

1 reading does not train all parts of the retina in the same 



way, toven when acuity does not enter the picture' (Hebb" 

1949, p.49), They displayed English words of' eight 

letters either wholly to the left, or wholly to the 

right, of fixation. Recognition accuracy was found to 
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be substantially higher for the 'wrds shown to the right 

of fixation. 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 

wri tt;en f'rorn right to l.ef t. Subjects familiar with both 

languages were shown English and Yiddish words in random 

order, and, as before, either to the left or right of 

fixation. Right field superiority occurred only for the 

English words. Recognition scores :for the Yiddish words 

were higher in the J.eft field than in the right, but not 

significantly, The conclusions drawn by M.ishk.in and 

For gays were that' 

The results support the hypothesis that 
reading trains limited regions of the left 
he mire tina selectively, They a.ce 
.inconsistent with the theory of a general 
equipotentiality in vision since the 
learning invoJ.ved in word recognition is 
not subject to complete transfer. Since 
there is an indication that English and 
Yiddish words are more accurately perceived 
in different visual fields, it appears that 
a more eff*ective neural organization is 
developed in the corresponding cerebral 
hemispheres (left f'or English, right for 
Yiddish) as a result of' training processes 
that are specific to the reading of those 
languages. It is suggested that a factor 
in the training may be the neural 
equivalent of' a selective ·visua_l attention; 
although the data have indicated that when 
learning is comple t.e this factor may no 
longer be operative. (Mishkin and Forgays, 
:l952, p.47). 
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The relationsh of hemifield superio.ri t·y to language 

training was further investigated by Orbach and by 

~'or gays. Orbach (1952) showed rhaL left field superiority 

for Yiddish words could be obtained, but only if· this was 

the first learned lan{tuage ,, Forgays (1953) showed that 

r.igh"t field superiority in EngLish speaking children does 

not normally develop until they reach Grade VII. 

The contradiction between the classical woek on the 

effects of letter position and the conclusions regarding 

lateral dominance went unnoticed, uniil pointed out by 

Heron (1957). He sholVed that when l.etters are exposed in 

left anc:!_ right f'ields simultaneously more are recogni:z,ed 

in the left field; but that when letters are exposed i.n 

t;he l.eft field or the right f'ield more are recognized in 

the right .field~ He showed also that when non~ 

a.lphabetica.l rna terial is used there is no dif'ference 

between recognition scores in the right and left f'i.elds. 

These phenomena cannot bs due to the- select.ive training 

of limited retinal regions (nor can they be due to 

mutual masking effects). Heron therefore proposed, in 

effeet, that the selective visual attention derived from 

eye movements has its erf·ect& not through the selective 

training or retinal regions 9" but thr.ou.gh a pos t;co~ex.posure 

process4 Heron's explana t:ion clearly rei a tes the lett<H 

position effect to read-out and is therefore quoted at 

length. He says' 

It is obvious that the neural activity 
involved in percep·tion must st f'or soruP 
time after the stimulus has been presented. 
During this period it would be possible for 
the 'post-exposure' attentional procesB to 
opera'te. 

The most noticeable feature of this process, 
as i;he S's report and their objective results 



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. 
'f'hus, there appears to be a close relationship 
between the eye-movements, or tendencies 
towards them, established by reading and the 
post-exposure process. 
If tendencies toward eye-movements are 
important in determining how the post-exposural 
process operates it is possible to see how the 
apparently contradictory results obtained under 
conditions of successive and simultaneous 
presentation can be reconciled. We know that 
in reading English there are two main types of 
eye-movement. The first is a series 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 to move the 
eyes along it from left to right. 
wnen alphabetical material is exposed in the 
right field alone, the two tendencies would be 
acting together. Whe~ 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 presentation we should therefore 
expect that more letters would be recognized 
in the right field. When exposure occurs 
simultaneously in both fields, on the other 
hand, the dominant tendency to move the eyes 
to the beginning of the line would result in 
more letters being recognized in the left 
field. (Heron, 1957, p.46-47). 
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Heron's resolution of the contradiction has received 

wide acceptance 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 Jetter position effects vary 

in accordance ,;ith the directional attribu"tes of the 

s"timuli. In one experiment., English tvords and mirror 

images of English words were presented to the left or to 

the right in random order (Harcum and Finkel, 196J). For 

the normal words 1 accuracy was highf::.r when they were 

presented in the right field; but for the mirror images 

accuracy was higher when they were presented in the l.eft 

field. From such results Harcum concluded that the scan 

sequence is controll.ed by an earlier discrimination of 

th0 specific characteristics of the s timul.us after the 

exposux-e has been initiated, This conclusion is in accord 

with the view that the input is classified as a particular 

word prior to read-out. 

Recently, Kimura ( 1961) has suggeeted tha·t there 

might be' a left-right dif'ference in tachistoe0opic ,;ord 

recognition as a result of' the cerebral dominance 

associated with speech representation. 1 Bryden (1965) 

pointed out that such an eff·ect might occur but be 

largely obscured by the positional eff"ects deriving· .from 

learned reading habits. To remove the obscuring ef':fects 

Bryden displ.ayed single .letters only, and Barton, 

Goodglass, and Shai (1965) displayed vertically printed 

words~ The resul.ts o±' both experimenrs suggest that there 

may be a slightly higher recognition accuracy f'or 

non-directional verbal material arriving in the dominant 

hemisphere. 

This suggestion is not rcolated to the lateral dominance 
proposed by Mishkin and For gays; it pre die te a left :fi el.d 
superi.ori ty f'or most subje0ts, irrespective of the 
directional characteristics of the language, 
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Although Heron's intarp.retailon o£ the letter 

position effect is widely accepted there are some problems 

that it does not resolve~ First, it is not clear why the 

position of a letter in ·the scan sequence should be 

related to recognition accuracy, Is it because the scan 

sometimes fails to reach the later letters, or is it 

because the later letters, a! though scanned, are more 

likely to be lost in storage? Harcum and Jones ( 1962) 

choose the latter alternat.ive but do not 5ay why. Second 7 

no reasons are of'f"ered for supposing that the scanning 

order is deri,.red :from eye mov·E~menta rather than from ·the 

order required for visua.l-acoust:ic crrespondence~ In 

English s the vi.sual=acous tic correspondence is such that 

the initial sounds of a word correspond to the J.ef't parts 

of' the printed word, It is therefore only by learning to 

process the printed word f'ro.m le.t't to r:ight that this 

corret::pondence can be utilized. There is no obvious 

reason why such le:ft-to~right processing must: be 

associated w'ith lef·t~to-.r·ight saccadic eye movements, In 

view~ o:f the lveight of' evidence involving tha acoustic 

system 1n tachistoscopic word recognition, the scanning 

order seems just as likely to deriv8 f·rom the normal 

requirements for visual-acoustic correspondence as from 

eye movements~ Thi r'd 1 a recent mont by Bower (1965) 

throws doubt on the notion that rl?.ad~out involves a 

scanner constra:ined to move across the display in an 

orderly :fashion. Bower's experiment show8d that subjects, 

Lf given a great deal of· practice, can be trained to 

attend to the different Jetter posit.ions in an:z: order 

without Joss of eff.iciency. 

irrV"olvee not a scanner but a large nurnber of f'ilters, 

which can open in any order dictated by environmental 
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·contingencies, 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 theories by noting that 

environmental 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 simultaneously (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 et'fect due 

to cerebral dominance, favouring, for most subjects, 

letters in the right hemi-field, and originating, 

presumably, prior 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; 

fer read-out of the displayed word as a single unit will 

remove those differences between letters that originate 

at or after read-out, 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 dra,vn 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. 



Performances at the three durations were combined 

and the values of z for" each Jetter posi t:ion and subJect 

were calculated, For the HFD and LFD condi r.ions this 
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calculation required, for each position, the proportion of 

trials on wh:i.ch the subjec-t said 'Samet when a change 

occurred at that position. These proportions f'or both 

condit1ons 1 and :for each sub,jc:tct separately~ ar~e given 

in Tables 1 and 2, Appendix 5. The values of z were 

calculated from these proportions by equation 11+ (Chapter 

3), which in this case becomesg 

where E(z
1

) is the z score for the ith position, and 8, 
l 

is the probability that the subject says 'Same' when a 

change occurs at that position. It :is assumed that q 

takes the same value for all letter positions. In other 

words, it is assumed that the probability that the 

subject says ~ Diff'erent j when no di ff'erence is dete ct:ed 

is independent of the position of any undected difference, 

There seems to be no reason to doubt this assumption, 

To calculate tho values of' z for each position in 

the LE'I condition it :is necessary to use the posi·tion 

score Sp., The values of z we:r-e calculated according to 

8qua10ion .5 (Chapter J), which in this case becomes' 

E( z.) 
l c 

20 E (Sp
1

) 

for consonants; and 

5 E ( \ - l 

E( z.) "' 
~ v 

for vowels" E( ) is the z score for the ith position, 



the a.verage value cd' Sp f"o.r 

thf:': 1 th position~ T~he a.·v·er·ag;e ·values of~ Sp f'or eac'.h 

positum wer·e obtained from Table It, Appendix 2, by 

t,aking the average \ra1;ue f'or each sub jf.:c t ov.z.,r the 

durations 30 1 ~ and 60 millisf"c·onds., 

The va.lues of' z thus obtained f'or the LFD, LFI, and 

HF·D conditions are given in Tab.tes 1, 2 and 3, together 

l.·l.i t:h the .tnE.an ·v·al:o .. es over all subjeets ~ 

LETTER POSITION 

SUBJECT ~ 3 4 5 6 7 "' 

L (R.M.K.) .70 .50 0 717 .16 ,00 .. 'l:l 

2. (M.G.) LOO LOG .81 ,04 .28 ,1~ .07 

J, (A. J.P.) .84 .71 . • IJ.o ,28 ,00 & 12 

l1 , (A. S. ) • 5') • Jh • llj .oo .oh ol7 ,00 

5. (E.P.) .68 ,J6 •)28 00 .00 .16 .12 

6. (LV .. \ '• Jl~ .55 .25 • 1. 2 ,J7 ,00 .02 I 

MEAN ,68 . ,40 .12 .19 .08 .H 
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LETTER POSI.TION 

SUBJECT 2 J lj 5 6 7 

L (R.M.K. .51 .Jl .16 .19 .18 

2. (M.G.) • 7.5 ~so .28 .lJ 

J, (A. J.P.) .. 79 -77 . 49 -39 .21 ,JO ,J9 

4. (A,S.) . 40 .45 .]2 .20 .15 .11 .09 

s. (E • P. ) .h9 ,.2J .24 .20 .16 .35 
6. (T.V.) .JJ .J5 ~26 . 15 .. 14 .OJ 

--- ----~ 

MEAN ~61 -55 .J6 .28 .19 .17 .22 
~ 

---~- -~-----~---~----

:£ABLE ..1: THE VALUES OF Z~_FOR THE HFD CO'\fDIT·ION, FOR 
EACH SUBJECT AND LETTER POSITION 

LETTER POSITION 

SUBJECT l 2 :3 1+ 5 

. (R.M.K. .91 .48 ~0 ,, ,-'/ .jO -77 .68 . 

. (M.G.) 8J .95 -93 .78 .82 -55 . 
J. (A. J.P.) -95 .90 .09 .91 .74 .88 . 
lJ- ~ (A.S.) ~45 -75 6J 61 ~14 .26 .. 30 

5. (E.P.) -73 .09 . ~30 .J5 .23 57 
6. (T.V.) ,JO <> l2 . .67 .]6 .94 -57 

--------~~--~~-------~~----~--

MEAN .70 -55 -59 .66 .53 .59 -55 
-



191 

These values of z ar·e estimates of the probabilities 

that letters in each position are discriminated or 

identi:fied, where all. probabilities are corrected :for 

guessing, The mean values of z over al.l subjects are 

plotted in Figure 2, It can be seen that recognition 

per:formance at letter positions l and 2 is very similar 

under all three conditions. It is with respect to 

recognition o:f the letters in the remaining positions 

that the conditions di:f:fer. 

Table 4 surrunarizes an analysis o:f vari.ance 

performed on the z scores. 

TABLE ~' SU~RY OF A~ALYSIS OF VARIANCE PERFORMED 
0!'< Z SCORES 

-· 
SOURCE OF SL"MS OF 
VAlUATION SQUARES 

-~ 

Condition( c) 2.0726 

Position(P) 2,J959 

Subject(S) 1.4204 

c X p l. 0427 

s X c .2100 

s X p L4217 

s X c X p L 1+069 

~-

TOTAL 9·9702 

DE GREES 
OF 

REEDOM 

MEA!'< 
SQUARES 

F 

2 LOJ6J 

6 •. J99J 

5 . 2840 

12 .0869 

10 .0210 

JO .01>73 

60 . 0234 

125 

F 

49 

8,4 

.3. 71 

.90 

2.0 

p 

(.01 

(.01 

(.01 

NS 

<·05 

As expected, both condition and letter position 

eff'ects are highly significant., It is apparent f'rom 

Figure 2 that the position e.f:fect obtained under high 

f'amiliarity conditions difTers from that obtained under 

low .familiarity conditions. '.rlw analysis of variance 
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shows that this interaction be ewe en condition and position 

is highly significant" It; can also be seen from Table 4 

that the effect of~ conditions does not; vary significantly 

across subjects, but that the effect of position does. 

Performance at the three sho~ctest durations was 

combined because there l'lfere insuf'f'icient observations in 

t:he HFD and LFD conditions to a.l.Iow examination of' the 

letter position effect at each duration separately. It 

might be argued, however, chat combining performance in 

t:his manner could give a distorted picture of the effect 

of lett:er position. As the LFI condition provides a 

suff'icient number of observations, the interaction of the 

letter position effect with display duration was examined 

for this condit:ion. The mean z scores over all subjects 

for each duration and 1 etter position were oa.lcula ted 

:from the results given in Table 4, Appendix 2. These 

scores are given in T·abl.e 5 and are plotted in Figure 3. 

TABLE 5: THE VALl:"E OF' Z FOR EACH LETTER POSITION AND 
!J.ISPLAY DURATION. LF.I CONDITION, 

AVERAGED OVER ALL SUBJECTS 

LETTER POSITION 
DISPLAY ----~--~--~,-~-~~· ~---~~·~-------~ 

DURATION 1 2 3 4 5 6 7 
~------~ ---~~-·-- ~---~-~-·-~...----

200 .97 .93 .82 .77 .68 .54 "70 

90 .88 .83 • 611 . 43 .40 .45 
70 .82 ·74 .53 .46 ,JJ .25 .. 35 

60 .?2 .65 . 42 .)2 .29 .17 .JO 
55 .62 .59 ;>40 ,JJ .16 .21 .21 

50 .50 .43 .22 ~14 .14 .15 

·~· ~---~~ ·--------··----~--~ .. ~--~-~-~. ~------·---...! 
Ic is clear from Figure 3 that over the range of 

durations studied there is no substantial interaction 
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between the letter position effect and display duration. 

This i,s a result of great interest which will be discussed 

in more detail in Section 8.).2, 

In summary~ the main f'indings -rcega:r•ding the letter 

position effect are as follows• 

8.) 

.1. There were large effects of letter position in 

the L.FD and Ll'I conditions. These ef'fects were 

very similar under the t·wo conditions , and 

similar to those reported by Crosland (see 

F·igure 1). 

2. There was little or no effect o:f letter position 

in the HF'D condition. 

J. Recognition of the !.etters in posi tiona .l and 2 

was no better f'or :familiar than t·or unfamiJ.iar 

words" 

4. The ef:fect; of' lett;er position in the Ll~I 

condition was largely independ<mt of' display 

duration~ 

TTie.se results carl"'Y important imp lie a tions for the 

whole-word theory, and f'or contemporary theories 

regarding read-out and the letter position ef'f'ect" These 

implications will be discussed in turn, 

8. J. 1 I!l£ who l <0-wor,E, th<Wr.l':_ 

The prediction derived from the whole-110rd theory 

was clearly confirmed~ 1rhe letter position eff'ect was 

not only reduced but very 1argz~Jy rt::movHd by or 

experience of the dispJ.ayed words. As the absence of a 



let-·b.:<:r' posi·tion ef'fect: in. wor-d reL~ogni tion has not bef'ore 

been eith~r reported or predicted and was 

tln Like , this resutt des strong suppor-t f'or the 

Tnteresting .impl.icatJons a.·r1se regarding the origins 

o~ information loss in the HFD cortditiono Inf'or.ma tion is 

single classification is read aut~ Pert'ormance in the 

HF-D condition may tht?re-f'ore be assumed t-o show what 

i.nforma tion loss occ'.lr-8 in th& r·ecept-or systems~ It can 

be seen :from Fig-uT-e 2 i;hat at le·tter positions .1 and 2 

performance under LFD and LFI conditions diff'ers li. t tle 

i'rom that under IWD conditions~ This "uggests that, 

under low f'amiliari·ty condi t:ions also, all information 

loss at pos,iti.ons 1 and 2 occurs in the receptor systems~ 

It further suggests that :information loss at the 

remaining posi <:ions under· low .f'amiliari ty oondi tions is 

divided in to two par·ts 1; loss occurring prior to read-out 

(shown by performance on thf' HFD condition); and loss 

occurring at or after read-out (shown by the diff'ercnce 

in performance undk:r higf1 and low f'amiliari ty conditions)~ 

The EU'-tent to whl<Jh pt.n~t·ormance was Jndepe-ndent of 

letter posi:tion in the H]'D (-ondi.ti().n indieates that the 

processes c_lassi.fying the .input as a part-icu.la:r W'CJrd 

operate on all letters stmultaneously~ 

betwe~n si~~ltaneous or successive 

The relation 

ng of the 

lett:ers and c.la.ss'lfication of' the lnp·u.t as a whole word 

can now· be c larif'ie·d~ C_iassif'ication of the input as a. 

single word simpl_y requi.r·e:B that &. single classif'icationJ 

and henct~ a e si_gnal 9 can .spee:ify L-he vihole of the 

rel.Bvant inputo It does not re re that the processes 

classif'ying the 
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letters simultaneously. The relation between perl'ormance 

and letter position in lhe HFD condition suggests that 

this processing is concurrent nevertheless. 

'rhe effect of_,E£io.r~~::"~perience on word recognition 

~Ll'~~~plaine<L"';!L.,£ei!]ii due (iiLEartl__ to the removal 

o:f the let~_l2£Sition effect: by clasaification or the 

If' this 

explanation is correct further understanding of the role 

of prior experience in the word recognition process wi 11 

result from a better understanding of read-out and the 

letter position effect. 

section is concerned~ 

It is with these that the next 

8~J.2 Read-out and the le!:ter position effect 

The view that the letter position effect is 

associated with read-out gains further support :from the 

present results. Firstly, the disappearance o:f the ef':fect 

in the HFD condition is :further evidence that the el':fect 

is not due to Limitations in relatively peripheral input 

processes (e.g. resolution limitations, or mutual 

masking), If' the e:ff:ect was due to limitations operating 

prior to the classif:i.cation of the input as a particular 

word it would be reasonable to assume that it would be 

observed with both familiar and unt'ami.liar words. 

Secondly, the similarity o:f the letter position e:f:fect 

in the LFT and LFD conditions shows that the ef:fact is 

not due to the processes of reproduc·ti.on~ In word 

identi.fica tion tasks reproduction is always sequential, 

and usually fcr,om left to righT, The possibi.li ty that th.is 

might account f'or the letter pcsi tion e:fi'ect is a 

difficulty that has frequently been noted (e.g, Crosland, 

1931; Harcum and F.inkel, 1963), Thi.s dif'i'icul ty is 



clearly removed by the oecurr<:mce of the letter position 

effect in the LFD cond.i lion, because in this condition no 

order of' reproduction is involved~, 

Not all aspects of Heron's explanation of the letter 

position efTect are confirmed by the present results" 

The :first aspect on which doubt is thrown is the viet<' 

that the ef':fect ar.ises f'rom a ~<_st-EJxposur£_ process which 

scans a persisting image (Het"un, L957; Terrace, 1959; 

Harcum and Jones, 19 ), The pr>bsent results show that 

the letter position ef:fee;t occurs even though the display 

is very brief and immediatEly .followed by a noise field. 

Any theory claiming that .scanni.ng is across a persisting 

this image is not 

masked by the immedial:<0ly f'ollowing noise field o He1"'on' s 

explanation does not do t:his, 

suggested later. 

Ont1 that does will be 

Another aspect of Heron?s explanation that reqllires 

revision is the view that thG l•?tter position effect 

results f'rom the eyE:.--mo·v~:ments _involved in reading verbal 

material,. This L~ anation predicts that tho letter 

position effect will increase with word familiarity 9 or 

at least be independent of it. It certainly does not 

predict that ·the eff'ect will be greater f'or unfamiliar 

The most interesting h'm is that raised by the 

independence o£ the 1 e r.·ttcJr _posi ·tion e:ffec t and "the 

duration f'or 'tVhich tht dis is available, Assume that 

read-out does involve a process scanning across a visual 

display, and consider the ei'f'ect of' z>rasing this display, 

af'ter ;rarious durations, by a noise ±'ield, As the 

display duration decreases there will come a time, 

dependent on the scan rate, when the display wi.ll be 



erased just before the scanning process reaches the last 

letters. At this duration recognition of the letters 

scanned last would deteriorate, but reproduction o.f the 

letters scanned first would be unaf't'ected. Decreases in 

display duration woul.d, therefore, accentuate the e.f'fect 

of' letter position by further reducing the probability 
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of successful transmission of the letters scanned last. 

It can be seen from Figure J that this was not the eff'ect 

observed; decreases in display duration a.ffected all 

letter positions approximately equally. 

It 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 .50 milliseconds. 

If this w-ere the case, however, an increase in exposure 

duration beyond 50 milliseconds would not improve 

performance, which it did. What the results indicate, 

therefore, is that decreases in display duration affect 

recognition accuracy but do not interrupt any scanning 

or sequential process. This seems to imply that if there 

is a scanning process (and the regular decrease in 

accuracy from lef't to right suggests that ther., is) then 

it must operate after the word has been presented as 

Heron suggests. This can only be the case, however, if' 

the display scarmed is !!2.:t erased by noise fields, and 

the erasing action of noise fields is well established 

(Averbach and Coriell, 1961; Sperling, 196J). 

It is possible to resolve this paradox by 

distinguishing between general visual storage and 

~~~ and special visual storage and erasure~ Assume 

that there is a hierarchical sequence of transformations 

in visual in.formation processing such that at the lower 

levels the properties represented are relatively simple 



and general 1 such as lint,~s 1 edges :r and angles 1 and that 

at the higher levels the:· properties represented are more 
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complex and particular, 2euch as letter identity. .For the 

lower levels such a sequence of transformations is of 

course well estahlished (Hubel, 196J). I:f each level has 

its own storage properties 9 and 1f' 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 noise field used in experiment 2 would give 

rise to input to the lower .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 o:f letter identity. This would 

account for the effect of display duration on duration­

sensitive per:formance, Any information already stored 

at the level of letter identity would not be erased by 

the noise fiel.ds, how-ever, and scanning o:f the 

information stored at this level could therefore be 

post-exposuralo Thus, in a system of this kind, it would 

be possible for 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 

fux-ther level, and that the experience of new words 

simply adds new units to that leveL Further 

implications of this theory will be discussed in the 

f'ollo•dng chapters, 
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CHAPTER 9 

EXPERIMENT 5 : THE RECOGNITION OF WORDS PRESENTEO 
L~ RAPID SUCCESSION ' 

9.1 Introduction 

The ex~eriment reported in this chapte~ 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, eyery-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 generality of 

stimulus component facilitation, Second, as the whole­

word theory states that under high familiarity 

co~1ditions words are read out as r;;ingle 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 levellect-off at abol.\t 6.5 lette~s. It was 

suggested in Section 5.4.J that this might be a ceiling 

effect. The present experiment provides a test of 

this explanation by giving performance the opportunity 

to rise above seven letters as the whole-word theory 

predicts. 
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Each 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. Between the two displays there 

was a brief' interval during which the noise field was 

shown. Thi.s interval will be called the i.nter­

stimulus interval, or ISI, Four dif'f'erent ISI 

durations were used. A display sequence of this kind 

was chosen :for three reasons: 

1, Problems of' resolution and peripheral 

acuity are likely to arise if' a large 

number o:f 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 most common 

outside of' the psychological laboratory. 

]. A prediction derived from the theory o:f 

special storage and erasure can be tested 

by a study of recognition when two word 

displays are separated by an interval 

during which a noi.se :field is shown. 

This prediction is derived in the next 

paragraph. 

The theory of special storage and erasure outlined 

in Section 8.],2 proposes that the persisting image of' 
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a·d.isplay that conta.ins letters will be more 

effectively erased by a display that also contains 

letters thru1 by a display that does not contain letters. 

This theory predicts, therefore, that if' two displays 

containing letters are separated by an interval in 

which a noise field is shown, performance will 

improve as the inter-stimulus interval is increased. 

The theory of' backward visual masking proposed by 

Averbach and Coriell (196.1), however, leads to a 

different prediction. These authors suggest that 

there are two ways in which a later stimulus 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 

stimuli in the later stimulus is substituted for the 

preceding stimulus, Averbach and Coriell proposed 

that both of these masking processes are highly 

dependent upon the retinal l.ocations 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, 

anv other stimulus, A simLlar 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 be seen that if masking was due to 

superposition then this noise field wou.ld 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 due to substitution it 

could be assumed that the masking effects of noise 

displays would be the same as those of word displays. 

The theory 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 Outline 

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 requested 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) 

condi_ tion the two words were selected randomly and 

independently :from the 2 x 107 possi_ble CVCVCVC' s. In 

the high fami H ari ty identification ( HFI) condition, 

the method of random changes was used as there appears 

to be no other way o:f separating stimulus and 

supp_lementary components under such conditions. The 

same comparator word was used for both first and second 

words and the random changes were produced for first 

and second words independent_ly, 
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Four different ISI durations were chosen on the 

basis oi' preliminary experiments: 0, 4o, 100, and JOO 

milliseconds. A display duration of 100 milliseconds 

was used for the target words. The display sequences 

used were therefore as indica ted in Figure 1. ·The 

word displayed first will be called word 1, and the 

word dispJ.ayed 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' 

f'ields 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 :fields. 

Performance under this condition provided a basis 

against which performance with two words could be 

compared. 

9.2.2 Design 

Four subjects were used, and each perf'ormed under 

all combinations of ISI 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 :four ISI's, and with a single word only. 

These :five different tasks were performed within each 

phase in a randomly selected order, a new random 



TABLE 1 

SESSION 
. 

1 

2 

3 
4 

TABLE 2 

SESSION 

1 

2 

3 
4 

THE ORDER IN WHICH CONDITIONS WJ!'RE GIVEN 
SUBJECTS 1 AND _1 

PHASE 

1 2 .J 

LFT HTI HFI 

Il]"T LFI LFI 

HFI LFI LFI 

L.FI HFI HFI 

Till':: ORDER IN Wl;IICH CONpiTIONS WERE GIVEN 
SUB,TECTS 2 Ai\fD 4 

PHASE -
1 2 3 

HFI LFI LFI 

LFI ID'T ill' I 

LFI HFI HFI 

HFI LFT LFI 

--~-'---

20!;. 

4 

LFI 

H.!<' I 

HFI 

LFI 

4 

HFI 

LF.I 

Lj ID'.I 

seJ~ectlon bei_n.g made .for each .Phase, session, and 

subject. Subjects were to.ld which o.f th.e :five tasks 

was to be per..formed .next. 

9,2.3 Procedure 

The :four sub,jects used were subjects 1, 2, 3 a.nd 

4 of Experiment 2. They were therefore well acquainted 

w.i th the basic experimental situation, Nevertheless 
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to familiarize them with the task of writing down two 

words, the first experimental session for each subject 

began with about 15 minutes practice. It was suggested 

that they write down as much of the first word as they 

could remember, then as much of the second 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 was explained to 

them. During the practice period the subjects 

performed under both conditions and at all four ISI's. 

Under the LFI condition there were 15 trials within 

each phase; three at each ISI and three with a single 

word. This gave a total over a.ll subjects of 96 trlalcs 

at each ISI, and 96 trials with a single word, and 

required 240 randomly constructed CVCVCVC's. Each 

subject saw each word once, Under the HFI condition 

there were 35 trials in each phase: seven at Hach of 

the four ISI's and seven with a single word, This 

gave a total over all. subjects of 224 trials at each 

lSI, and 224 trials with a single word. One comparator 

word was used per session per subject. With four 

sessions and four subjects this required 16 comparator 

words and their associated sets o.f variations> The 

subjects were f'amiliarized with the comparator and 

variant words exactly as in experiment 2, 

9.J Results 

For the HFI condition, over aLl four ISI 1 s and 

over all four subjects, 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 2 was correctly reproduced 510 times (i.e. 

on 59 per cent of trials). For the LFI condition, 

over all four ISI's and over all four subjects, there 

were J84 reproductions of words 1 and 2. Word 1 

was correctly reproduced 1.1 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 shm< similarly large differences. 

To determine whether these differences result only 

from the different probabilities of being correct by 

chance under HFI and LFI conditions it is necessa.r·y 

to calculate the z score obtained under the two 

conditions~ 

The numbers of correct and incorrect responses 

for 'same' and 'different' trials separately in the 

HFI condition are given in Table 1, Appendix 6, for 

each subject and ISI. These numbers were obtained by 

scoring the subjects reproductions as in word 

discrimination experiments. Any variant word was 

taken as equivalent to the response 'Different', and 

the comparator word was taken as equivalent to the 

response 1 Same 1 • The numbers of letters correctly 

reproduced, ir:r·espective of position (Sc), in the LFI 

condition are given in Table 2, Appendix 6, for each 

subject and ISI. From the data in these two tables 

the z scores !or the two conditions were calculated. 

As in experiment 2, equation li+ was used for the HFI 

condition, and the graphical solution or equation 8 
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:for the LFI condition. The reproductions of words .1 

and 2 were scored separately, and the resu.l:ti.ng z 

scores are given in Tables 3 and I+ respectively. 

TABLE_,l :!J!E Z SCORES OBTAIKED FOR WORD 1 

ISI (Milliseconds) 

SUBJECT 0 40 100 JOO 

1 l.6 2.5 4.2 4.2 

LFI 2 2.J 2.4 2.J ).4 

3 2.0 J,6 4.6 .5 .1 

4 2.9 J,O J,O 3 ,lj. 

~EAt\IS 2.2 2.9 .3 .5 1;. 0 
. 

SUBJECT 

1. 4.J 4.0 6.2 6.5 

2 2.6 J,8 5.6 5.7 
HFI 

J 6.0 5.5 5.4 6.7 
4 2.7 4.5 5.4 4.9 

- -
~EANS 3.9 lj .• 4 5.7 6.0 

-



LFI 

HFI 
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THE Z SCORES OBTAINED FOR WORD 2 

ISI (MilLiseconds) 

·SUBJECT 0 40 100 200 

2.0 2.7 1.1 1.5 

l.J 1.9 1.0 l,J 

1 

2 

J 3.9 2.6 2.2 2.4 1 

.---4~~---1-1-. 3 _____ 2_._1 ____ 1_. 6-·--~·~~ 

"'""" '·' '·' 1.5 '·' I 
SUBJECT 

1 6,6 4.5 4.4 6.0 
2 4.8 5.4 J,l 5.6 

J 5.l 2.4 
4 J.J 4.2 2.5 J,8 

MEANS 4.1 }.8 

The z scores were also calculated for those t.ri.als on 

which a single word on.ly was presented and the scores 

are g.i.ven :in Table 5. 

TABLE 5 THE Z SCORES OBTA:LNED FOR THE S~ 
]!ORD_TRIALS 

LFI HFI 
- --··-~----=-SUBJECT 

.1 5.0 
2 .s.o 
J .5.8 
4 4.5 

-
MEANS .5.1 6,2 . 
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Figure 2 shows the z score for each condition and ISI, 

averaged over all subjects. 

An analysis of variance was por<formed on the z 

scores for word l and is summarized in Table 6. The 

effect of both familiarity and ISI are highly 

significant, but none of the interactions approaches 

signi:f'ieance ~ A similar analysis perf'ormed on the z 

scores for word 2 is summarized in Tab.ie 7. The 

effect of familiarity is significant, but not that of 

ISI. None of the interactions is significant. 

The numbers of' correct and incorrect responses for 

word 2 of' the HFI condition ( scor£!d as for word 

discrimination) are given in 1'able 8~ A chi-square 

test of independence f'ailed to show any relation 

between ISI and the probability of a correct response 

(X2 
"' 4. 6, degrees of freedom = J; P>. 20). Similar 

tests carried out for 'same' and 'different' trials 

separately also f'ail.ed to show any significant rel.a tion 

between performance and ISI for word 2, 

The relation between letter position and 

performance f'or the Ll<'I condition is ahown in Tables 

Y and 10. These tables give, for each ISI and for each 

letter position, the z scores calculated 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 section, Figures J and 11 also show the 

effect of letter position for those LFI trials on which 

a si.ngl.e "t...rord was shown~ 



TABLE 6 SUMMARY OF THE ANALYSIS OF VARIANCE PERb'ORMED ON 
THE z scoru~s - WOHD 1 

I SOURCE OJ:' SUM OF DEGHEE OF MEAN 
~ATION SQUARES FREED0:-1 SQUARE F p 

(.01 iF "]' ' 'F') 26.46 1. 26,46 82.69 , ann .:tar:I- ty \ 

linter-Stimu.lus 
Interval (I) 18.70 .3 6.23 2J,07 <.Ol 

Subjects (s) 8,27 3 2.91 

F X I .41 3 .14 ,18 NS 

s X F • 96 3 .32 .42 NS 

s X I 2.41 9 .27 .J5 NS 

FX I X s 6.97 9 .77 

TOTAL 64.6:3 31 



TABLE :z SUMMARY OF !,!!E ANALYSIS OF.VARIANCE PERFORMED OK 
THE Z SCORES - WORD 2 

SOURCE OJ!' SUM OF DEGREE OF MEAN I 
VARIATION SQ.UARES .FREEDOM SQUARE F p 

Familiar.i ty (F) 52.28 1 52.28 24.J2 <.o5 

Inter-Stimulus 
Interval (I) 4,8J J 1,61 2.06 NS 

Subjects (s) 5.J4 J 1.78 

F X I 2,62 J .. 87 1.45 NS 

s X F 6.45 J 2.15 J.58 NS 

S X I 6,98 9 .78 LJO NS 

F X I X s 5.J6 9 ,60 

TOTAL 8J,86 Jl 



TABLE 8 THE NUMBER OF CORBECT AND INCORRECT 

CORRECT 

Il\CORBEC'l' 

RESPONSES FOR WORD 2 OF THE HFI 
CONDITION ( SUMMED,_Q,!:!';E ALL. SUBJECTS) 

ISI. (MILLISECONDS) 

0 40 100 

163 148 147 

.56 66 71 

-

212 

JOO 

160 

TABLE 9 THE Z SCORES FOR EACH LETTER POSITION - LFI 
CO)!DITION, WORD 1 

LETTER POSITION 

ISI 1 2 3 lf .5 6 7 

0 .34 .49 • 20 '15 .14 .18 .1.6 

40 .83 ,64 .40 .15 .16 .11 ,20 

100 .92 • 79 .49 ,)1 .19 .19 .28 

)00 .91 .SJ .63 .)6 ,21 .26 . JJ 

TABLE 10 ];HE Z SCORES FOR EACH LEITER POSITION - LF~ 

CONDITION, WORD 2 

--
LETTER POSITION 

.lSI 1 2 .3 4 .5 6 7 

0 .48 .J6 .22 ,08 .09 .09 . Ill 

40 .72 .49 ,27 .1.5 ,11. .11 .l.l 

100 .. .5/_t .J8 .20 .00 .oo .lJ .. 02 

.300 .59 .59 ,26 ,06 .05 ,OJ 903 --



In the preceding experiments per.f'ormance under 

high .familiarity condi·tions was studi.ed i.n terms of 
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the subject's ability to determine whether there was a 

difference between target and comparator words. Tn 

other words, the function studi.ed was that of 

di.f:ference detection. The present experiment provides, 

in addition, evidence regarding the subject's ability 

to detoermine the nature o:f any difference between 

toargeto and comparator words. Ev.idence regarding such 

difference identification was available because 

subjects attempted to reproduce the target word as 

accurately as possible on all torials. 

For word 1, and over all subjects and lSI's, there 

were 464 1 different' trials. ·The target word was 

correctly reproduced on 272, or •. 586, of these trials. 

For word 2, and over all. subjects and TST's, there 

were 427 'different' trials. The target word was 

correctly reproduced on 219, or • .51J, of these trials. 

Both of these values are .far higher than could occur 

by chance if no differences were actual.ly identified, 

Even if dii'.ference detection occurred on every trial., 

the proportion of' correct reproductions in the absence 

of difference .identi.flcation would be only 1/7, or 

,liJ.J, On the other hand both values are smaller than 

would be poss.ible i:f difference i.dent.i:fieation occurred 

as frequently as dif.ferenee detecti.on. I:f it did, the 

probability o:f a correct reproduction on 1 dii'ferent 1 

trials would be ¢ (the probability or dit'ference 



detection), plus a small amount due to guessing. J.. 

From equations 9 and 11., Section .3, .5, 3 

¢ u 
= 

~ p 

l p 

1 
s ( 15) = q 

214 

F'or word l, and over all subjects and ISI' s 

combined, ¢, calcu]ated according to equat.ion 15, was 

• 714. Wi.th a popu.lation proportion o:f , 714 th<> 

probability o.f obtaini.ng 

out o.f 464 trials (i.e. 

only 2 correct reproduct~ons 

a proportion of ,586) is very 

small (the standardized normal vari.able Z = 6,1; 

P '¢.001). For word 2, over all subjects and ISI' s the 

value calculated for¢ was ,6!47, With a population 

proportion of , 647 the probabi.li ty of obtaining only 

219 correct reproductions in 427 trials (i.e. a 

proportion o:f ,513) is also very small (Z = 5.8; 

P ¢:.001). In making these tests, estimates of' 0 were 

used and samp.1ing errors were not taken into account. 

These estimates were however based on very large 

samples., Furthermore, because¢ does not include the 

successes due to chance, it is an. gnderestim~ of the 

proportion of eorrect reproductions expected i:f 

difference detection and dif.ference ident.ification are 

equal I y frequent:. It is therefore safe to conclude 

that on many trials the difference was detected but not 

:identifi.ed. 

1 
Compare this statement with equation 9, section J.5.J. 
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9. 4 Discussim:J, 

9.4.1 HigUn:eut loads and the whole-word theory 

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 0 

milliseconds subjects discriminated, on average, 8.9 
of' the 14 letters. With an ISI of 300 milliseconds 

subjects discriminated 11. J o:f the 14 letters, In 

contrast only 4,J of' the lit letters were identif'ied in 

the LFI condition when the ISI was 0 milliseconds, and 

onJy 5.9 when it was JOO milliseconds. This shows 

clearly that in tasks involving continuous input the 

amount ot' stimulus information lost during px·ocessing 

depends predominantly upon the subject's prior 

experience with the sti.mulus 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 also that the continuous 

and rapid extraction of inf'ormation :in normal read.ing 

requi.res the reduction of in:formation loss by some 

:form of trace-input matching. The subject would 

ot.her\vise have avail.able at most only .5.9 letters out 

of every ll.t. It can therefore be concluded that the 

effect of pr.ior experience on the stimulus component 

o:f word recognition is a phenomenon of wide generality. 

It must be noted that per:formance under the HFI: 

condi ti.on was less efficient than might have been 

expected on the basis of ea.r.lier results. In experiment 
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2 performance in the HFD condition rose more-or-less 

linearly from J.5 letters at 50 milliseconds to 5.9 

letters at; 70 milliseconds. I.f 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 o.f double 

presentations, On the other hand, it might be that no 

matter how 14 letters are presented HF'D performance 

rises rapidly only for the first six letters, Both 

possibilities carry important implications and a study 

oi' HFD performance with higher input loads in a single 

presentation would therefore be of great int;erest, 

9.4.2 The t;heory of special storage and erasure 

The theory of special storage and erasure, which 

was proposed to expl.ain how noise fiel.ds can reduce 

recognition accuracy without altering t;he letter 

posit;ion ef:fect, was clearly confirmed, The amount of 

backward masking caused by a display containing letters 

was greater than that caused by a noise field. 'fhere 

are two main reasons for believi.ng that this is the 

correct interpretation of the relation between the 

accuracy with which word 1 was reproduced and the TSI. 1 

The first is that delaying the onset of word 2 by only 

100 milliseconds largely removed the additional 

interference caused by its presentation. The second, 

is that t;he relation between performance and ISI was 

the same for both HFI and LF'I conditions. This would 

1 I . . t t 1S 1mpor ant t;o 
displayed during the 

remember t;hat the noise field was 
ISI. 
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be ex.pec ted if the interference caused by word 2 was 

due to masking, but not i.f i.t 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 masking stlmuli. 

9. 4. J Read-out and letter position ef'fects with).n 
words 1 and 2 

The effect of letter posltion for word 1 in the 

LFI condition (shown in Figure J) does not accord well 

with the notion that read-out involves scarmlng. If 

read-out does .involve a sequent:ia.l scanning process 

(scanning across 1&!.!~ in the LF'I condition), and if 

a later display containing letters does mask the 

display that is scanned, then there will. be some ISI' s 

such that the masking interfers with recognition of the 

letters at the end of the word but not with those at 

the beginning. Accentuation of' the letter position 

e.ffec t should therefore be observed for these ISI 1 s. 

No such accentuation is apparent in the results 

reported above. Jt is possible that that accentuation 

was not observed because the rate o,f' scanning :ts so 

high that there :Ls only a narrow range of ISI' s over 

which accentuation occurs. To test th.is explanation 

it would be necessary to make a more thorough 

investigation o·f the relation between ISI and the letter 

posit:Lon effect f'or word 1. 
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The ef.f'ect of letter positior1 within word 2 also 

.fails to accord we.ll with the notion that read-out is 

a scanning process. I:f read-out involves a scanning 

process with a centre o:f focus constrained to move in 

an orderl.y manner across the visual display, then there 

will be some ISI's such that word 2 is present while 

the scan is at, or near, the end of word l. In the 

present experiment word 2 was presented symmetrically 

across the same fixation point as word .L Theref'oret 

when word 2 .is presented while the scan is near the 

end of word 1, the scan wi.ll be in the same position 

relative to word 2 as it is relat.ive to a single word 

presented to the l.ef't of' :fix.at.ion, Harcum and ,Tones 

(1962) have shown that the letter position e:f:fect for 

words of eight letters presented to the le:ft of 

fixati.on di.f':fers :from t:hat foT words presented 

symmetrically across fixation. The letter position 

ef'.fect 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 or eight letters presented 

symmetrically across fixation. Thi.s was clearly not 

the e:f.f'ect observed for word 2. It is possible, but. 

perhaps unli.ke.ly, that eye--movements dur:ing tlte ISI 

could aecount .f'or th:i.s :f'ai:Lure 1::0 f'i.nd any equJvalence 

between the letter position e:ffect .for word 2 and 

that .for words presented to the lej~t or fixation. It 

seems more :Likely, particularly in v.iew of the results 

of' Bower (1965) mentioned in Chapter 8, that read-out 

does not invo.lve a scanner constrained to move across 

the visual display. 
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9.5 Sununarv 

The main con elusions drawn .f'rom experiment .5 are 

therefore as fo.llows: 

l. W:ith high input loads HF·I performance, as 

measured using the method of random changes, 

rises to at least eleven letters; Ll<'I 

performance does not rise beyond six letters. 

This result supports the whole-word theory, 

2. Letter displays are more e:ff'ec masked 

by letter displays than by noi.se .fields, 

This result is a confirmation of the theory 

o.f special storage and erasure. 

), The ef'f'ect of letter position withi.n the 

f'i.rst of two consecut:ively displayed words 

was not accentuated for any of the lSI's 

studied. This weakens, but does not 

di.scon:firm, the view that read-out is 

sequentia.l. 

4. On some 'dif'.ferent' trials the subject 

detects the difference but fails to 

identify ito 
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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 behavioural data can 

be 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 theref'ore unwarranted. 

These measures have been dif'f'icult 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 f'amiliarity effects over 
the stimulus and supplementary components 

T·he experiments of Spence (1963) and others (see 

p.J2) have shown that the effects of' word familiarity 

involve changes in the supplementary component. 

Experiments 2 1 J, 4, and .5 have shown that the effects 

of word familiarity also involve changes in the stimulus 

component. This demonstration is the basic contribution 

of'f'ered by this thesis. Whether all familiarity ef'f'ects 

are due to changes in input processing or to changes in 

supplementation is therefore no longer at issue. What 



is now at issue l.s the relatl.ve importance of' the two 

kl.nds of change in any given class of sl.tuat.ions. It 

appears likely that, in some situations, fam.ill.arity 

effects are predominantly due to changes in 

supplementation and, in others 1 to changes in input 

processing .. 

From the results of experiments J, 4, and 5 .it is 

reasonable to conclude that change in the stimulus 

component of word recognition as a result of prior 
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experience is a common occurrenceo Experiment J showed 

that the stimulus component can be increased by giving 

the subject only a few seconds experience of the 

displayed word, This increase however is small and 

unstable. It is clear from the results of experiment 4 
that optimum readiness is not a necessary condition _for 

prior experience to facilitate input processing. 

Performance with a comparator word chosen randomly from 

one of four was little different from that with a single 

comparator word~ Thus, it is not necessary for the 

f'acili ta tion 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 

inf'ormation loss~ The size of this reduction makes it 

reasonable to conclude that facilitation of input 

processing plays a major role in normal reading. 

10.2 Some aspects of input processing and its 
facilitat~on by prior experience 

Demonstration of' the effect of prior experience on 

the stimulus component leads directly to the task of 

determining the mechanism of this effect. This section 



briefly sunnnarizes the explanation offered in the 

preceeding chapters and then considers the various 

aspects of input processing in a little more detail. 
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Put most simply, the experimen·ts reported above 

have shown that prior experience of the displayed words 

f'aci.litates input processing by increasing the number 

of letters read out and by decreasing information loss 

during storage, These conclusions were drawn, in the 

first place, from the finding that both duration­

sensitive and dura-tion-insensiti-ve performance are 

improved when highly f'amiliar words are displayed. 

The view that duration-sensitive performance shows the 

number of letters read out is widely accepted, and the 

grounds for this view are, briefly, that such 

performance is controlled by variables unlikely to 

operate beyond the receptor systems, and that, as the 

storage and retrieval systems can handle ±'our letters 

without loss, the loss must occur· earlier when only 

one or two letters are recognized. If duration-

sensi ti1re performance does show the number of' letters 

read out there is little doubt that more letters are 

read out if the displayed words are highly familiar. 

This conclusion carries f~ar reaching implications .. 

Some have already been mentioned, others will be 

mentioned in the discussion that follows" 

The first and most important implication is that 

if the word displayed is sufficiently 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 to 

read-out could familiarity af'f'ect read-out in the 



manner observ·ed ~ It was :further argued t:hat, for t,he 

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 properties of the words, 

because there were no such differentiating limited 

propertif~S~ 
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It 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 upon the sensory input. The 

above claim is therefore equivalent to the claim that, 

for each :familiar word, there is a physiological unit 

\vhose activity continually depends upon retinal input, 

and whlch takes a particular state only if the input 

contains that particular word. In other words, there 

are units which signal the presence of particular words 

in the current sensory input. 

As already mentioned, this general picture of the 

way in which prior experience changes input processing 

to improve word recognition performance is essentiaLly 

the whole-word theory of' woodwort,h and cf, McKeen 

Cattell, which was described in Section L2.l, Further 

evidence in support of this theory was reported in 

Chapter 8, It was noted that Lf familiar words are 

read out as the result of a single classification then 

this will remove those differences 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 i'amiliarity 



conditions ;;.tere eompared .. As cted by the whole· 

word theory the effects of l.etter position largely 

disappeared under high t'amiliarity conditions~ 

If' the above account is correc.t then there will 

clearly be classifying units for many other properties, 

some innate and some learned" Sub ts have had, for 

example, far more experience of letters than of words. 

It is~ therefort::~ reasonab:te to assume that units 

classif'ying letters exist within the receptor systems. 

To develop these classifying units independently of each 

other would be most inef:f.icient, and it is there.fore 

likely that the outputs of units reacting to relati 

simple properties w.ill serve as the inputs :for units 

reacting to properties that are more complex. For the 

early stages of sensory process.ing involving the 

relatively simple innately computed properties this is 

already known to be the case (Rubel, 1963), A clear 

description or the kind or organization proposed is 

given by Attneave: 

1, 'fhe basic idea of 'levels' or of a 
'perceptual hierarchy', is simpl.y that a 
potentially definable sequence of 
classifieations of Incoming informatlon 
occurs. It is presumed that the output of 
one stage of' this sequenc~::1 constitutes the 
input of the next, but the possibi.Li ty of' 
feedback :from higher to lowe I' 1 eve ls is by 
no means to be excluded, 

For example, act:ivity of a particular 
element on one level. might imply (i.e, 
result rrom) a pattern of activity of 
elements on the next lower level 
deseribable as follows: 'A and C but not 
B and not D, or E and G but not F and not 
H, or ··~,' etc. The conjunctive terms 
involve grouping of' elements (receptors, 
at the lowest .level); the disjunctive terms 
grouping of' states .. 



On this basis it is evident that a 
higher-level element may represent a re.lation 
between lower-level elements, if the latter 
are ordered.-

2. lt 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 lower-level classifications. 
Such an increase in extensity of 
representation is obvious in the case of a 
hierarchy like active receptor-line-letter­
word-phrase. Likewise, higher-level 
categories "Will tend to have lower individual 
probabilities i.e., to be more specific to the 
total receptor-state and accordingly to carry 
more inf'ormation. (Attneave, 1962, p.639). 
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It is important to note that it is probable that 

there are units of classit'ication intermediate between 

letters and words, such as units classifying syllables. 

A test of' this could easily be made. The number of' 

]~etters read out (as shown by duration-sensitive 

pert'ormance) under LF"I conditions, could be studied, 

using the correction procedures developed in Chapter J, 
for words having the structure CVCVCVC, and for words 

having the structure CCCCVVV. If more le·tters were 

read out from words of' the f'irst kind it would indicate 

that syllabic coding occurs bef'ore read-out. 

One important property that has not yet been 

mentioned is the relative positions of any letters 

identif'ied. It was seen in experiment 2 that nearly all 

letters correctly identi:fied were also reproduced in 

their correct relative positions. Many theories of' 

pattern recognition are unable to account f'or this 

simple fact. If', f'or instance, .letter recognition 

occurred as the result of some kind of' 'resonance' 
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between trace and input, the subject could say that 

such-and-such letters were in the visual field, but 

would have no way o:f knowing their relative posJtions. 

In o.rder to provide information regarding position in 

combination with that regarding identity a hierarchical 

classi:fying system must reduplicate its classi:fylng 

units :for each of' a number of' 'retinal regions', The 

activity o:f partj cular letter classifying unll;s would 

therefore depend not only upon the presence of' a 

particular pattern but also upon its position, 

If these speculations are correct then it is 

possible that the mutual masking observed by Woodworth 

(1938), and the resolution limitations observed by 

Averbach and Coriell (1961), are due to limitations in 

the number of' such regions available within any given 

area~ 

The system thus f'ar proposed is one in which 

current stimu1.a tion is represented by the ac tiv.i ty of 

large numbers of' hierarchically organized classifying 

units, each signalling the presence o:f a particular 

property. In Chapter 8 it was further suggested that 

these units have short term storage capacities but are 

inhibited by new input o:f the appropriate type" Th.is 

theory of special storage and erasure was proposed to 

explain how, even in the presence of post-stimulus 

'noise' :fields, read-out could occur af'ter stimulation. 

It was confirmed by the results of experiment .5, which 

showed that a display eontaining lecters was more 

ef'f'ectively erased by a display containing letters than 

by a 'noise' f'ield. I"t is important to note that both 

hierarchical processing and the occurrence or learned 
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tran.sf'ormations to road,·out are essential aspects 

of the of~ special storage and erasure ~~ erasure 

within the receptor systems can be dependent only on 

the properties computed ;.ri thin those sys terns, The 

results of' experiment 5 are also, therefore, further 

evidence that processing in the receptor systems is 

both hierarchical and devel,oped by experi once, 

Exactly what prior experience is necessary for 

the development o:f sensory classifying units is sti,ll 

not known. It appears that the prior experience given 

in the high familiarity conditions of experiments 2, 

4, and 5 was su:ffic,ient, and that the 11 seconds given 

in experiment: 3 \vas not. If this outcome is 

replicated it will lend furth,er i'orce to the view that 

:familiarity effects on the stimu.lus component are due 

to the development of sensory classif:y:i.ng uni.ts c What 

is now required to pin dow~ the crucial aspects of 

prior experience is repetition of experiment 2 using 

many variations in the familiarization procedureso Of 

particular interest is thH modality, duration, and 

temporal patterning o:f the prior experience, Tt is 

also of interest to krww whether prior experience of 

words printed in one way will etYect the stimulus 

component of recogni.tion when those w·ord& are displayed 

printed in a quite different way, The results of' such 

research might well demand revision of the vie,vs off·ered 

in this thesis, 

If processing within the receptor systems Js 

hierarchical., then the amount of learning necessary to 

develop a classifying unit for a particular stimulus 

will depend upon the subject's prio.r experi once with 
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parts of' the stimulus, This prediction could be tested 

by comparing the amounts of learning required to 

increase the read-out rates for stimuli which vary 

according to the subject's experience of the parts from 

which they are constructed. 

It is clear that if the recEptor systems are 

organized as described above then read·-out must be 

possible from many different levels, and not just from 

the most complex. If this is so then read-out must be 

much more than a process selecting i terns accordi.ng to 

thcil' position within a t·wo dimensional spatial array, 

for it must also be able to switch from one level to 

another. How this is achieved and how long swi.tching 

from one level to another takes is still uncertain. 

Other unsolved problems concernlng read-out were 

mentioned in Chapters 8 and 9. 

A particularly interesting problem not yet 

mentioned is that of timing. It is reasonable to 

assume that the probabi1_i ty of' a correct c1.assit'ica tion 

of the input at the letter level will increase with the 

time from the onset of' the displ.ay. IT read-out is 

initiated too ear.ly the benef'i t of' any continuing 

input will be lost. If', on the other hand, read-out 

is initiated too late any inf'ormation stored in the 

l.etter, or word, classif'iers may have decayed or have 

been erased by later input. It is possible that in 

normal reading tasks this dilemma. is resolved by 

keeping fixation time, and thus the time between 

displays, relatively const.ant. F'ixati.on time in 

normal reading is about 200 milliseconds, and saccad 

time about 20 milliseconds (Woodworth, 19J8). If' 



read-out could be performed within 20 milliseconds, 

therefore, it could be initiated cousistently 200 

milliseconds after the onset of' each display, This 

possibility is par-cicularly attractive because it was 

found in experiment 5 that word 2 interfered with the 

recognition of word 1 only if it was displayed within 

200 milliseconds of' the onset of word 1. 

In the model for visual memory tasks proposed by 

Sperling (1963), the store into which inf'ormation is 

read-out is an acoustic store to which is coupled a 

rehearsal process which can restore fading acoustic 

images, This view is in keeping with the acoustic 

confusions in visual immediate memory tasks observed 

by Conrad (1964). The whole-word theory implies that 
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errors under high familiarity conditions occur only 

during read-in to the word classif'ication levels in the 

visual receptor systems. 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 conf'usion matrices obtained 

under high and under low familiarity condittons, 

Casual observations made during the course of the 

experiments reported above suggest that the two 

confusion matrices do indeed differ in the predicted 

manner. A more thorough investigation would clearly 

be both simple and important. 

10. J Some ma,·jor remaining problems 

This thesis has ignored many crucial aspects of 

word recognition, Any explanation of the et'f'ects of 

prior experience must be weak 1 unless it is given as 

part of a more complete account of information 

processing in word recognition than that here off'ered. 



Information processing in the rsception sy-stf.\m.S 1 .for 

example, must; be described more fuLly~ Thus :it, is 

necessary to dJscover exactly what inf'ormation is 

extracted at each stage of processing. The account o_f 

this aspect of the processing would perhaps best be 

given as sets ot' rules showing now the many .iso.lated 

events initiated directl.y by stimulation are combined to 

produce single events isomorphic with stimulus identity, 

Furthermore, it is necessary to discover) for each lf:ve~ 

of processing, the quantitative aspects of the storage, 

erasure, and read-in functions$ Only then •till i t be 

possible to know what processing will occtlr under 

particular conditions, It will also be necessary to 

determine whether any of the quantitative aspects of' the 

storage, erasure 1 and read-in functions lii thin the 

reception systems, are centrally controlled in accordance 

with context, meaning, or motivationa The account of' 

this aspect o:f the processing would perhaps best be given 

as statements of the conditions o:f activation o:f ·those 

units whose patterns o:f activity potentially f'u.lf'ill the 

rules of in:formation extraction. 

The methods developed i.n this ihE'sis suggeat how 

such an account of rec-eptiont and tiimilar account-Et or 
read-out and storage, could be achieved. It is probable 

that in any such account the explanation that has been 

offered for the effects of or exper-ience on the 

stimulus component would be extensi'lte1y modified, That 

prior experience does aff'ect the stimulus component or 
\Vord recognition perf'ormance can, howe'Vf,\'r 1 no longer be 

reasonably doubted. 
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APPENDIX 1 

EXPERIMENT l, 



APP.ENDIX J. 

EXPERIMENT 1 

The words used in Exper:i.ment 1 

SET 

1 ]l 2 

JANDARA JAMPARA KADIRGA 

AFWORBU AFCARBU ADAFNAW 

BiifO.JNI BIWASNI BORULCE 

NAi\fSOMA NASTOMA NIJARON 

OLJI.IADIK OLDABIK ENSHIMI 

jAKLIYAT AKTOYAT INKULAM 

SARICIK SASDUK TAVHA."<E 

SABULON ZABETON tJDIBNON 

CIVADRA CIVBURA DILIKLI 

[LOKANTA LORASTA MECBURI 
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z' 

KADESGA 

ADIFPAW 

BODILCE 

KIJIMON 

E:ciSTAMI 

INDURAM 

TAWSANE 

tJDOBRON 

DILEGLI 

J MELBORI 

The words in sets 1 and 2 were wo.r·ds used by Solomon 

and Postman ( 1952). The words in sets J' and 21 were 

i'ormed .'from chese by changing two of' the three middle 

letters. 



I SUBJECT 

1 
2 
J 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
1-) 

16 
17 
18 
19 
20 
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RECOGNITION THRESHOLDS F'OR THE REHEARSED 
WORDS (IN MILLISECO.ND§} " 

Each subject recogni.zed two words at each 
rehearsal frequency, 

REHEARSAL FREQUENCY 

25 I 10 5 2 

1 2 1 2 1. 2 1 2 1 

40 60 70 60 80 50 60 70 50 
230 JOO 180 J50 350 100 250 750 600 
120 130 80 140 140 110 110 90 JOO 

80 70 90 160 70 160 220 1oo I 2oo 
90 70 80 110 J50 90 90 250 200 

110 160 100 1)0 180 120 120 .140 100 
80 350 80 500 90 50 60 180 ,.ooo 

250 90 100 150 80 80 100 90 280 
230 230 230 230 JOO 250 JOO JJO 400 
100 50 70 100 190 so 50 no 100 

60 130 60 60 6o 160 100 170 90 
170 280 300 250 550 280 450 JJO .000 

90 80 110 350 1)0 60 140 480 280 
6o 50 80 70 80 60 70 90 90 

160 380 180 480 230 160 300 190 900 

170 so 80 90 120 130 160 80 1)0 
70 so so 50 60 50 60 70 100 

100 90 100 150 90 60 100 100 1.30 
50 60 50 130 90 200 150 60 90 
60 110 50 80 .130 230 190 380 1.50 

1 

2 

.100 
700 
200 
16o I 
160 

.160 
150 
900 
280 

70 

200 
.:no 
llO 

80 
280 

180 
110 
130 
200 
LOO 
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TABLE 2: RECOGNITION THRESHOLDS FOR THE MATCHED WORDS 

SUBJECT 

1 
2 
3 
/1 

5 

6 
7 
8 
9 

10 

11 
12 
lJ 
14 
15 

16 
17 
18 
19 
20 

(IN MILLISECOND~ 

Each subject recognized two words at each 

rehearsal frequency. 

COMPETITOR REHEARSAL FREQUENCY 

25 10 I 5 2 

1 2 1 2 1 2 1 2 1 
- --

110 90 70 80 90 1}0 60 80 100 
150 800 700 400 300 400 500 180 }50 
500 4oo 150 150 480 1!00 2}0 180 250 
1140 120 160 180 180 }00 I 300 140 160 
650 380 500 230 140 200 450 J80 4JO 

190 140 100 180 180 170 1JO 140 120 
1JO 1000 800 100 850 2}0 400 130 200 
450 170 120 110 170 210 675 170 190 
330 6oo 450 330 480 350 '400 550 800 
110 90 700 50 180 120 1}0 150 160 

l 
1 

2 

70 
100 
2}0 
260 
280 

120 I 
150 ' 
380 
1!80 
100 

1-·------
50 220 230 150 160 50 120 150 150 1}0 

800 1000 6oo 750 1000 900 550 550 750 850 
150 150 350 170 150 150 J80 170 180 160 
200 140 ll+O 110 500 130 100 IJO 110 110 
250 450 4JO 250 600 800 190 170 J80 JOO 

--
2}0 160 1.40 230 If 50 190 250 IIQO 140 280 ' 

1130 70 150 120 1180 1J0 110 90 120 70 
100 1)0 170~650 80 120 100 J 110 170 
130 120 180 200 .350 160 190 380 250 200 
330 550 1~80 250 120 150 110 150 150 190 I 

--~·-



TABLE J; 

SUBJECT 

1 
2 
3 
4 
5 
6 
7 
8 

I 
9 

10 

I 11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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RECOGNITION THRESHOLDS FQ!L.:._rHE COKTROL WORDS 
(IN MILLISECDJ\ID§l 

Each subject recognized ten control words. 

CONTROL WOR D THRESHOLDS 
-

1 2 3 4 5 6 ~ 8 9 I 

120 90 90 1)0 70 240 80 250 150 
)00 850 280 700 350 550 650 500 850 
190 430 400 380 350 400 500 350 420 
260 1+80 220 )40 )60 520 180 1180 480 
l1 30 450 230 450 140 190 480 280 4)0 
2)0 150 180 190 170 140 530 350 180 
280 650 990 900 )00 550 850 JJO 450 
200 330 350 100 150 2)0 JOO 430 .380 
430 450 400 600 2)0 JJO 600 480 450 
300 110 140 110 140 1)0 90 250 180 
190 80 90 150 250 150 170 80 lJO 
800 450 280 550 850 500 200 800 800 
120 100 100 150 230 140 180 JJO JJO 
100 140 1)0 150 120 1)0 120 160 160 
650 450 4oo 400 550 750 4)0 550 )80 
150 200 2)0 280 120 120 150 700 190 

70 170 130 180 180 110 400 2)0 110 
140 160 330 170 160 llO 150 200 150 
140 170 1)0 150 100 90 100 200 120 
100 170 2)0 160 120 160 190 190 180 

10 

170 
700 
J50 
.JOO 
280 
450 
990 
JOO 
600 
150 
950 
900 
990 
170 
990 
120 
160 
150 

230 I 
0 



J 
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REJECTION THR~fOLDS ANP THE ASSOCIATE~ 
RECOGNITION THRESHOLDS FOR TilE MATCHED woons (ALL IN :~-nu:ISFc0Nns 1.----~--

Rej "' Rejection threshold. A blank in thls column 
ind]_cates that no overt-intrusion occurred~ 

Rec = Recognition threshold :for the matched word. 

REHEARSAL FREQUENCY 

25 j 10 5 2 - . 
SUBJECT Rej Rec ReJ Rec Rej Rec Rej Rec Rej 

l I 50 ]t 50. 60 70 90 - 70 60 

I 60 70 50 80 - 130 - 80 ~ 

2 - 'JSO - 500 0 300 100 700 -
- 100 - 180 - 400 - 400 

.3 120 250 110 230 240 480 ~ 150 -
- 230 -· 180 - 400 - 150 -

4 - 160 150 JOO - 180 480 160 -
- 260 - 11+0 280 JOO - 180 100 

5 80 4)0 130 450 1)0 1.40 .500 5.50 
90 280 )}0 J80 - 200 200 2JO 180 

6 140 120 110 1110 140 180 .. 100 -
1.50 120 - 130 110 170 150 180 80 

7 150 200 - l;OO 200 2J0 - 800 -
110 I 1"0 110 lJO - 8.50 280 100 150 

:J ' 8 - 190 1 - 670 190 170 100 110 -
- 380 I 180 170 2)0 210 - 120 I 150 

9 ]80 BOO - 400 - 1180 650 11.50 200 
JSO 480 230 550 JOO .150 - J30! -

10 - 100 - 130 - 180 - 7~g I 60 
- 160 - 150 - 120 JO -

11 110 150 70 120 50 JO 1~0 -
1.20 lJO, 80 150 - 160 170 230 180 

12 

I 
700 -ro I - 0 550 1000 - 750 280 I) 

250 850 - 0 )80 900 380 6oo -
lJ J - 160 - 380 lifO 150 200 }50 i .•. 

- 180 130 170 - 150 140 170 -
]_}+ - 110 - 1)0 1.50 500 - 140 180 

- 11.0 - 100 - 130 60 110 -
15 250 J80 170 - 800 JOO ~. 30 1 -

- JOO 190 - 6oo 200 250' .• 
16 - 140 380 400 - 1+50 I - 230 -

250 280 2.30 250 ,. 190 -· 140 100 
17 - 70 - 110 120 130 110 150 so 

100 120 110 90 170 180 - 120 -
18 190 170 - 100' 480 650 160 170 -

lJO 11.0 - 120 I - 80 - 170 -
J 

19 I 110 2_50 60 .J80 180 160 - .180 90 
" 

20 

l 

Rec 

90 
110 
150 
800 
500 
400 
140 
120 
650 
J80 ' 190 
140 
1)0 I 1000 
1150 I 
170 ! 

600 
330 
110 

90 
so 

220 
1000 

800 
150 
150 
200 I 140 
250 
450 
160 
230 
70 

1.30 
100 
130 
120 

' 80 200 90 190180 350' 1')0 200 l' 120 130 
160 190 90 110 50 1.50 1120 ;2')0 _}30 

..__ ___ ..~-1_-_;o ___ l_s_o....J._8_o __ 15~ .. :1c:__ 120 .1o_o __ "_' s_o..J.I_4_o_o~_s_.5_o __ _j 
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TABLE 1 ' THE ORDERS IN WHICH Sl:JB,TECTS PERFOmiED UNDER 
THE THREE CONDITIOKS ·~ 

H = High famil:iari ty discrim:tnations, 

L - Low fcamili.ari ty discrin!J.nation s. 

I = Low fcamiliarity identifications. 

! 
SUBJECT SESSION ORDER SUBJ.ECT I SESSION 

l l HLIILH 2 1 
2 LIHHIL 2 
3 IHLLHI 3 z, IHLLHI ' ,, 
5 LIHHIL 

' 5 
6 HLIILH 6 

J 1 IHLLHI ,_. 1 
2 HLIILH 2 
3 L.IHHIL J 
4 LIHHIL 4 
.5 HLIILH 

I 
5 

6 U!LLHI 6 

5 l LHIIHL 6 1 
2 I HILLIH 2 
J ILHHLI :l 
4 ILHHLI i 4 
.5 HILLIH 7 
6 LHIIHL I 6 

ORDER 

LIHRIL 
U!LLHI 
HLIILH 
HLIILH 
IHLLHI 
LIHHIL 

ILHHLI 
LHIIHL · 
HILLIH 
HILLIH 
LHIIHL 
ILillil,I 

HILLTH 
ILHHLT 
LHIIHL 
LliiiiJL 

IILHHLI 
IH:CLLI':J 



TABLE 2 t .l'OTALS .AJW SUB-TOTALS OF' CORRECT A.'lD 
INCORRECT RESPONSES 

LFD CONDITION 

Same : t same t trials. 
Total = all trials. 
c "' correct. 
Dif:f = 'different' tr:ial s"' 
l = incorrect o 
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Same Di.f'f' Total 
DURATION 

SUBJECT (MILLISECS) c l c l c l 
-

l 50 31 34 21 6" .? 44 
55 39 21 26 25 6.5 46 
60 4.l 19 31 11+ 33 
70 1;4 31 18 11; 62 4" ::> 
90 44 19 29 1J 73 32 

200 50 8 37 11 87 19 
[--· 

2 50 31 12 30 20 61 32 
55 41; 1.8 28 18 ' 72 ]6 
60 '•9 19 14 7'• JJ 
70 46 21 23 15 69 J6 
90 46 J.5 32 13 78 28 

200 50 9 45 8 95 17 

J 50 h6 10 22 26 68 36 
55 55 10 19 21 74 31 
60 6J 13 1.5 16 78 29 
70 1+6 :l3 18 28 64 41 
90 '52 6 33 18 85 24 

200 54 2 41 lJ 95 15 

{continued on next page) 



TABLE 2 (continued) 

Same 
DUAATION 

SUBJECT (MILLISECS) c 1 

4 50 37 2.3 
:35 46 15 I 
60 62 13 
70 48 1.2 
90 52 10 

200 51 7 

5 50 36 22 
55 44 18 
6o 47 17 
70 5h 17 
90 5h 7 

200 49 7 
-

6 50 36 22 
55 42 20 
60 37 23 
70 50 25 
90 ltJ 18 

200 h9 5 

Dif'f 

c l -
17 32 
15 30 
14 20 
17 27 
20 26 
37 17 

21 30 
27 20 
17 
15 20 
25 19 
Jl 21 

25 28 
27 19 
17 26 
17 17 
23 22 
35 lit 

Total 
-

c 1 

5'+ 55 
61 45 
76 3'3 
65 39 
72 36 
88 24 

57 52 
71 38 
61+ lj2 
69 37 
79 26 
80 28 

61 50 
69 39 
54 iJ9 
67 42 
66 Ito 
84 19 
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TABLE 3: TDTALS AND SUB-TOTA1§_QF CORRECT AKD 
INCORRECT RESPONSES 

HFD CONDITION 

Same = t samet tri al.s. 
Diff = 1 different 1 trials .. 
Total = All trials. 
c = correct. 
1 = incorrect .. 

Same Diff Total 
DURATION 

SUBJECT (MILLISECS) c 1 c 1 c 1 

1 50 36 21 37 14 73 35 
55 40 20 41 11 81 31 
6o 47 13 44 9 91 22 
70 52 14 47 1 99 15 
90 45 12 53 4 98 16 

200 50 7 53 2 103 9 

2 50 41t 16 41 16 8.5 32 
55 41 11 55 10 96 21 
60 45 15 47 7 92 22 
70 49 14 53 I+ 102 18 
90 48 15 48 4 96 19 

200 55 h 5'+ 3 109 7 

J 50 ]2 22 50 8 82 30 
.55 J7 2] 46 7 83 JO 
60 J5 JO 43 4 78 J4 
70 42 22 48 J 90 25 
90 50 4 61 1 111 5 

200 51 5 54 0 105 5 

{continued on next page) 
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TABLE___l (continued) 

Same Dif'f Total 
DURATION 

SUBJECT (MILLISECS) c l c 1 c l 

4 so 51 17 2) 2J 74 40 
55 45 13 25 28 70 41 
60 59 9 32 10 91 19 
70 47 9 44 15 91 24 
90 so 10 44 11 94 21 

200 51 6 s6 l 10'7 7 

5 so 3'7 18 30 2'( 67 45 
55 54 14 J1 15 85 29 
60 49 16 J1 18 80 '}4 
70 58 9 )6 ll 94 20 
90 62 2 44 9 106 11 

200 46 4 58 ~ 104 11 I 

6 so J7 18 )6 22 7J 40 
55 1;0 1-:> 38 20 78 JS 
60 38 19 J8 15 76 34 
70 47 11 47 9 94 20 
90 51 10 J9 lJ 90 2J 

200 55 2 55 4 110 6 



I 

TABLE 4: THE TOTAL NUMBER OF' LE'l"l'ERS CORRECTLY REPRODUCED AND IN THE 
QgggECT POSITION 

LFI CONDITION 

Nwnber of trials per cell = 60, 
The average value of Sp for each cel.l Number correct 

60 

SUBJECT I 1 

1 28 

2 '•8 

3 38 

4 22 

5 38 

6 14 

DURATION I N M I L L I 
----------.--------------------,-------~--------~ 50 55 

LETTER 

2 3 

28 16 

1!2 28 

45 27 

30 17 

32 8 

18 9 

-----+--------------
POSI TION LETTER POSITION 

4 

17 

32 

25 

17 

25 

19 

5 6 7 1 2 3 4 5 6 7 
------4-------------------+-·--------------·---4 

8 

20 
~ 

I 

6 

12 

13 

20 8 

16 13 

29 20 

16 6 

18 17 

14 5 

39 42 31 32 12 25 13 

46 53 36 26 17 24 19 

51 51 31 35 10 23 23 

25 27 23 28 12 21 6 

48 35 16 26 13 18 23 

21 34 19 20 9 17 5 

(continued on next page) 
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'r'ABLE 4 (continued} 

D U R A T I 0 N IN H I L L I s E C 0 N D s 

70 + 90 200 
LE'I'TER POSITION LETTER POSITION LETIER POSITION 

SUBJECT 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 J 4 5 6 7 -
541 1 54 52 41. 36 29 28 27 54 53 45 28 27 J6 35 59 56 53 51 50 J8 

l 2 53 53 35 27 19 18 23 55 55 l+5 J4 27 2J 24 57 .Jf+ 46 39 39 28 441 
I 3 55 54 36 43 22 28 26 58 56 44 50 Jl J8 32 60 59 54 54 46 51 461 

I 4 i 42 43 38 32 25 26 17 48 51 35 42 21 32 24 52 56 50 52 I~ 3 31 401 I ~ 2 8 24 0 1 1.8 1 48 1 2 2 41 6 4 4 41 J6 42' I :J 5 J 3 9 J 55 33 3 3 5 I ;; 5 3 J I 
l--__6 ____ _L_~~_4 __ 4_4 __ 2_4 __ 3_7 __ 17 __ z_6 __ 1_z __ -b __ 5_o __ ~~-9 __ J6 __ 4_6 __ 2_6 __ J_3 __ 1_7 __ ~_5_S_5 __ 2_5_4 __ J_z __ l,_4 __ 3_oj 
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TABLE 5: THE TOTAL l\IJMBER OF LETTERS CORRECcfLY REPRODUCED IRRESPECTIVE 
OF POSITION 

LFI CONDITION 

Number of trials per cell = 60. 
The average value of Sc for each cell = Number correct 

60 
Correct reproductions are entered according to the position in wnich they were 
written by the subject. 

D U R A T I 0 N IN M I L L I S E C 0 N D s 
50 55 6o 

LETTER POSITION LETTER POSITION LIDTTER POSITION 

SUBJECT 

I 

1 2 3 4 5 6 7 1 2 3 !~ 5 6 7 l 2 3 I~ 5 6 

1 33 35 35 35 21 33 17 42 48 40 39 24 32 21 1;8 46 36 41 Jl 27 

2 51 45 35 39 30 21 19 1;8 55 43 33 32 25 52 53 39 29 30 23 

3 39 53 38 38 21 35 26 54 55 41t 46 22 38 26 57 55 39 45 35 33 

4 30 36 28 26 18 21 8 31 32 Jl 38 15 26 11 36 49 37 32 25 26 

5 41 37 18 32 24 27 22 49 41 20 31 26 32 27 51 44 30 29 27 32 

L 6 19 28 21 29 22 17 9 23 Jn 26 29 19 32 13 38 !~4 31 41 23 Jl 

(continued on next page) 
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TABLE 5 (continued) 

I I 
DURA T I 0 N I N M I L L I S E C ON'DS. 

70 90 200 

I LETTER POSITJ:ON LETTER POSITION LETTER POSITION 

SUB.JECT 1 2 3 4 5 6 7 1 2 J 4 5 6 7 1 2 3 4 5 6 ~ 

I 

1 54 55 lt-7 42 45 32 34 54 55 53 39 37 45 40 59 58 56 55 51 40 54 

2 54 56 47 36 30 26 26 55 55 50 41 40 29 29 57 56 )It 43 35 53 

3 58 55 46 50 30 33 28 58 58 52 51+ 37 38 36 60 60 56 58 49 53 49 
4 hJ so 43 38 32 JJ 19 ItS 54 45 44 28 37 25 58 56 55 55 47 32 4J 

5 53 47 32 42 J4 24 :J7 56 52 39 46 J6 34 4J I 59 57 so 46 46 41 1+4 

3'• l I 6 114 1+9 32 41 28 J2 19 51 54 47 52 34 39 19 I 58 59 56 56 46 46 I 

~ 
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'0 
'0 
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2'+8 
(Appendix J) 

TABLE 1: THE NUMBERS OF CORRECT AND INCORRECT 
RESPONSES FOR EACH""SUJ3~ AND CO!iDITION 

ALL TRIALS 

C = correet, 
I = ineorreet. 

PRIOR EXPERIENCE OF COHPARATOR wulill 
(SECONDS) 

0 1 11 

SUBJECT c I c I. c I 

1 39 16 45 10 45 7 

2 .33 19 ho 15 37 18 

J )8 17 J8 14 38 17 
4 31 21 Ito 15 31 24 

5 4o 15 I 4J 1.2 1+2 10 
6 29 26 35 17 42 1) 

7 1+2 13 l 47 5 
8 35 17 41 II+ 1+2 13 

9 37 18 4J 9 1.10 .15 
10 34 18 4.1 14 3.5 20 
11 36 19 T .:> 20 24 28 
12 32 23 11 1+4 11 . 



I 
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249 

(Appendix 3) 

TABLE 2: THE Yl'MBERS OF' CORRECT AND INCORRECT 
RESPONSES FOR EACH SUBJECT AND COND.ITION 

I SAME I TRIALS 

C "' correct. 
I = j,ncorrect. 

-
PRIOR EXPERIENCE OF COMPARATOR WORD 

(SECONDS) -0 I 1I 

SURTECT c I c I c I 

I 21+ 5 27 2 26 2 

2 I7 11 27 2 27 2 

3 26 3 26 2 21+ 5 
4 20 8 21 8 24 ~ 

.J 

5 25 4 27 2 26 2 

6 16 13 I9 9 26 J 

7 18 11 28 1 26 2 

8 20 8 24 5 27 2 

9 18 1.1 2.5 J 22 7 
10 20 8 2~ ' 24 5 -J 4 

II 22 7 23 6 17 11 J 12 I4 15 22 6 27 2 
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(Appendix 3) 

TABLE J: THE YUMBERS OF CORRECT A}ID INCORRECT 
RESPONSES FOR EACH SUBcTECT AND CONDITION 

1 DIF'FERENT 1 T'RlALS 

C = correct. 
I = incorrect. 

PRIOR EXPERIENCE OF COMPARATOR WO~ 
(SECONDS) I 

0 I li 

SUBJECT c I c I c I 

1 15 11 18 8 19 5 
2 16 8 1J 13 10 16 

J 12 14 12 12 14 12 

4 11 1J 19 7 7 19 

.5 15 11 16 10 16 8 

6 13 13 16 8 16 10 

7 Zit 2 26 0 21 J 
8 15 9 17 9 15 11 

9 19 7 J.8 6 18 8 

10 14 10 16 10 11 15 

ll 14 12 12 111 7 17 

12 18 8 19 5 17 9 
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(Appendix 4) 

TABLE l: NUNBERS OF CORRECT AJ';i) INCORRECT RESPOl'JSES 
FOR EACH SUBJECT AND COl'JDITION 

ALL TRIALS 

C = correct .. 
I = incorrect. 

-

I 
NUMBER OF ALTER'IATIVE COMPAIU.TOR WORDS 

-
2 X 1.07 h I 

SlJBJECT c I c I c I 

1 23 ]_2 3:3 5 :32 6 

2 16 20 31 6 32 4 1 

3 24 12 2.5 12 33 5 I 
4 25 11 37 2 33 6 

5 29 9 3.3 5 .3.5 2 

6 18 17 18 20 26 14 

7 ?'" _, 8 :J1 7 33 5 
8 21 1,5 27 10 28 8 

9 JJ 3 JO ~ 3~J 5 I 

10 24 12 34 5 
37 2 J 11 26 12 34 4 28 9 

12 25 10 30 8 36 4 
.. -~ .. ·~----
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(Appendix 4) 

TABLE 2: THE N!JMBERS Q]' CORRECT AND INCORRECT RESPONSES 
FOR EACH SUBJECT AND CONDITION 

1 SAME 1 TRIALS 

C = correct, 
I = incorrect. 

NlJMBER OF ALTERNATIVE C'O'ft'AR.t 

2 X 10 7 

SUB,TECT c I c T c I 

1 l.J 4 19 1 i9 

2 6 1.1 I 15 4 16 .3 

3 9 10 I 15 8 15 J 
h 17 2 21 0 17 1 ' 
5 .16 2 16 J 18 1 

6 7 9 11 7 16 r, 
7 I 13 4 15 5 18 l 

8 14 :J 18 1 18 1 

9 17 2 20 3 1.5 J 
10 13 6 19 2 17 l 

1.1 10 8 19 0 19 0 

12 12 4 J5 J 18 2 

··-
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(Appendix 4) 

TABLL2' THE NuMBER OF CORRECT AND INCORRECT 
RESPONSES FOR EACli~BJECT AND C~~ 

'D.IFFERENT' TRIALS 

C :::: correct, 
T : incorrect~ 

~·-~-_,...-'",. 

NUMBER OJ!' ALTERNATIVE COMPARATOR WORDS 

2 X 107 1 
-SUBJECT c I c I c I 

1 10 8 14 J . .'J 6 

2 10 9 I 16 2 16 1 

J 15 2 1.0 4 18 2 

4 8 9 16 2 16 5 

5 1J 7 2 17 1 ' 

6 11 8 7 1:3 10 1.0 

7 14 h .16 .2 1.5 lj 

8 7 12 9 9 .10 7 
9 16 1 10 4 18 2 

I 10 ll 6 I 15 } 20 1 

11 16 4 4 ' 

I 
15 

lL 9 
12 l.'J 6 15 5 2 I 

~"'""'' " 
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(Appendix 5) 

TABLE l: THE PROPORTIONS OF INCORRECT RESPONSES 0;! 
'DIFFERENT' TRIALS SHOWN ACCORDING TO THE 
LETTER POSITION AT WHICH THE CHANGE OCCURRED 

Displav durations 50 1 55, and 60 milli­
seconds combined. 

HFD CONDITION 

L E T T E R p 0 s I T I 0 N 

SUBSECT I 2 3 4 .5 6 7 - --~ 

1 .o6 .J6 .28 .2I .I6 .22 .JO 

2 .lJ .o4 .0_') ~17 .1~ .J4 • J81 
3 .OJ .o6 • .5.3 .05 . 1.5 .07 . I31 
4 . 44 .20 .29 .J1 .69 • 5'1 "56 

5 .20 .67 .21 ·52 .48 ·57 .j21 
6 .48 .61 .28 . 23 ,I;~~ .JQ -



::.57 

(Appendix 5) 

TABLE ? ; 1:!!!: PROPORTIONS OF' INCORRECT RESP0.7c~SES ON 
'DIFFERENT' TRIALS SHOWN ACCO~HE 
LETTER POSITION AT WHICH THE CHANGE OCCURRED 

Display durat:io:ns 50,~ and 60 m.ill:i··· 
seconds combined, 

LFD CONDITION 

L E T T E R p 0 s I T 

SUBJECT l ') 
~ 3 4 .5 

l .19 ,J2 ,24 '5.3 ·54 
2 .oo .oo .14 .69 

J .lJ .24 ·58 , 50 , 60 

4 .J6 . .so .65 , 8:3 .7J 
5 .22 '41+ .so '71 ·7.5 
6 .,42 .29 .48 ·56 , I+O 
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TABLE 1: TilE NUMBEHS OF CORRECT AND INCORRECT 
HESPONSES IN THE rTh'I CONDI'l'ION FOH 
EACH SUBJECT AN~ LSI 

C = corx·ect. I = i.ncorrecL 

2 

(Appendix 6) 

Same= •same' trials. Diff = 1 di.fi'erent 1 trials. 

INTER-STIMUL17S INTERVAL (.MILLISECONDS) 

0 40 

Word l Word 2 Word l Word 2 --
SUB.JECT same Di.f'f" same D:H'f same Diff' same Diff 

1 c 13 23 17 25 18 20 14 21 
I 11 6 ].1 1 5 10 12 5 

2 c 14 19 19 21. 18 19 17 24. 
I 10 11 8 6 10 8 10 4 

3 c 13 26 21 22 17 27 16 
I 12 2 6 6 6 .5 12 9 

4 c 16 17 22 16 22 19 22 19 
I 9 11 8 10 J 10 .5 9 

-
100 300 

l c 18 2lt ll 24 12 28 16 26 
I 8 2 1.3 5 1.2 1 1.2 2 

2 c 1.5 26 18 17 23 17 22 
I I 7 4 11 9 .3 5 .12 J 

3 c 1.6 23 20 2:z 17 JO 21 21 
I 9 4 7 6 6 1 6 4 

l! c 21 24 21 .llJ 27 20 19 18 
I 3 8 12 1 8 7 9 
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