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Abstract

Pairs of 6 -letter consonant strings which were repeated

over sixteen sessions were matched SAME or DIFFERENT more

rapidly than equivalent nonrepeated strings . Evidence is

presented that this specific improvement in the matching RT

for repeated strings is due neither to acoustic factors nor

to an effect of familiarity on the comparison processes

alone. This evidence
,
together with the finding that the

effect persists over a seven -week peri od
,
suggests that

stimulus f ami 1 iari ty can cause relatively permanent changes

in perceptual encoding. Stored letter, position informat i on

appears to be important in this perceptual I earning
t
but

information about visual features larger than single letters

does not seem to be stored • These results are discussed in

terms of their imp 1 ic at ions for the study of word perception.



INTRODUCTION

When you look at a word , what visual information en-

ables you to recognize it? The simplest answer is that one

first i denti fies the individual letters and then puts them

together to identify the word. In 1885 , Cat tel. 1 tested

thi s hypothesis by measuring the number of letters which

coul d be reported from a tachis toscopic (10 msec) expo sure.

He found that S^s could report 3-4 unrelated letters, two

unrelated short words , and four connected short words . In

1889, Erdmann & Dodge found that although no more than 7

unconnected letters could be reported from a 100 msec expo-

sure, that familiar words containing as many as 20 letters

coul d be correctly read . They concluded from this that

information about the "general shape of the word" must be

necessary for word recognition (Woodworth , 19 38 )

.

However, it has been suggested (e.g.
,
James, .1890, p.

40 7) that memory may p] ay a 1 arge role in the results of

studies using the tachis toscopic report procedure. For

instance, it may be that S_ can perceive 20 unrelated let-

ters in 100 msec, but as he begins reporting the letters,

the unreported letters begin to drop out of memory. But

if the letters form a word, ;S may remember the word and re-

construct the forgotten letters from his knowl edge of how

the word is spel 1 ed . Also , evidence for the role of memory

in the tachi s toscopic report task has been provided by
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Harcum ' s (1967) observation that the shape of the curve

relating accuracy of tachis to scop ic report to position of

a letter in the string- is very similar to the serial posi-

tion curve found for the learning of nonsense syl lables

.

Furthermore , it could be that S_ sees an equal number

of letters whether words or nonwords were briefly exposed

,

but that he reports more accurately from a di spl ay of words

because he is able to guess a whole word after seeing only

a few letters • Evidence for such an expl an at ion has been

offered by Newbigging ( 1961 ) who found that when Ss fail to

recognize a briefly presented word , the probabi lity of S_

guessing any given word i s related to the frequency of oc-

currence of that word i n written English . Presumably then
,

the probability that Ss would guess any particular novel

string of letters is quite low. Thus, the possibility that

the report of briefly exposed letter strings depends on

memory factors and the familiarity of the responses raises

some doubt about the early findings that words can be per-

ceived more rapidly than unrelated strings of letters.

CONTROLLING FOR MEMORY AND RESPONSE FACTORS

Recently , the perceptual advantage of words over non-

words ( the word-superiority effect , WSE ) has been confirmed

using several tasks which minimize the possible contribution

of memory and response factors . In each of the tasks, the

possibility that biases for emitting more frequent responses
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cause S/ s performance for words and nonwords to differ was

ruled out by kecpinq the set of possible responses the same

for words and nonwords, and by limiting the size of this

response set to two.

Reicher (1969) used a probe recognition task to compare

how accurately briefly presented words and nonwords could be

perceived . He presented 4-letter strings fol lowed very

rapidly by a field containing a visual noise mask and a

vertical pair of probe letters with 3 dashes to indicate

the probed position • The purpose of the visual noi se mask

was to limit the time for extraction of visual information

from the stimulus by interfering with any analogue repre-

sentation of the stimulus which persists internal ly after

the stimulus is removed (cf . , Sperling , 1960 ) . The S* s task

was to choose which of the two probe letters appeared in the

indicated position of the briefly exposed word or nonword

•

To prevent quessinq the probe letter of a word from the

other letters seen , the alternatives were chosen so that

when words were presented , both probe alternatives formed

words with the nonprobed letters. Since S_ was required to

make a choice on each trial , the percentage of -correct

choices was considered a measure of how rapidly visual

information from the briefly presented letter string could

be encoded. Reicher found that Ss could respond more accu-

rately to letter strings which formed words than to letter

strings which did not form words. This finding was confirmed
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using very similar tasks by Smith & Haviland (1972) and

Baron & Thurston (1973).

Although the probe recognition task controls for re-

sponse bias, it could be argued that memory is still a

factor since the entire stimulus strinq must be remembered

until a dec! si on is reached on the probe a 1 ternatives.

However , if the probe alternatives are presented before

the stimulus display, then the correct response can be made

independently of how long the stimulus letters remain in

memory. Both Reicher (1969) and Baron & Thurston (1973)

tested S_ using this precue condition, and both studies

found that the perceptual advantage of words over nonwords

persisted.

Krueger ( 19 70a ) compared the perception of words and

nonwords by using a visual search taslc. S_ was first shown

a target letter and then a display of five words or non-

words. His task was to search for the presence of the

target letter in the display set and respond YES or NO as

quickly and . accurately as possible. The display set re-

mained visable until S_ responded, thus insuring that memory

need not influence the results . Krueger found that words

were consistently scanned more rapidly than nonwords

.

Novik & Katz (1971), using a much smaller display size but

otherwise similar procedure , confirmed Krueger ' s results

.

The simultaneous matching task is a third method for

studying the perception of letter strings in a way which
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minimizes the effects of memory and response factors. In

thi s technique , is presented with a pair of letter

strings and must respond SAME if both letter strings con-

tain the same letters in the same order, and DIFFERENT

otherwise. Since S_ is instructed to respond as quickly

and as accurately as possible, and since the letter strings

remain vis able until S_ makes his response , the reaction

time (RT) for a SAME response is considered to be closely

related to the time necessary to perceive the pair of let-

ter strings.

Using the simultaneous matching technique , Eichelman

(1970) found that 4- and 6-letter words could be matched

more rapidly than random strings of letters . Egeth and

Blecker (19 71) varied the task so that each S_ made only one

response ; some S^s . responded only when the pair of strings

differed and- others responded only when they were the same.

Egeth & Blecker found a WSE for 3-letter stimuli, but only

for the SAME responses. Using the two-response matching

task, Schindler, Well, & Pollatsek (1973) found a WSE for

4- and 6-letter stimuli for both SAME and DIFFERENT re-

sponses
,
though the perceptual advantage of words was con-

sistently smaller for the DIFFERENT responses.

Thus, these recent studies strongly suqgest that it

was not memory or response factors wh ich were responsible

for the early findings that letters in a word can be per-

ceived more rapidly than an equal number of unrelated



letters • These techniques were able to control for memory

and response factors by introducing the necessity of some

form of matching or comparison of visual information . How-

ever , thi s also introduced the possibility of a new arti-

fact. Perception is commonly viewed as the f orminq of a

stimu 1 us -bound mental representation
,

or, as the process of

encoding the stimulus. If it is the case that the advantage

of words over nonwords in the probe-recognition, visual

search , and simultaneous matching tasks is not due to dif-

ferences in encoding, but only due to the more rapid compar-

ison of the mental representation of a word with another or

with a probe or target representation , then it could not

properly be said that words are perceived more rapidly than
.

unrelated letters.

ENCODING VERSUS COMPARISON STAGES

There are two general ways in which words and nonwords

could be encoded using the same sequence of processes and

yet have different rates of comparison . One would be if the

encoded representation of a word consisted of fewer units

than that of a nonword; then the comparison stage would be

more rapid for words because there would be less to match

.

The other would be a direct effect of f amil iar i ty on the

matching processes . For instance ,
comparison processes

could be more rapid for stimulus representations which have

been compared before.



One of the reasons the WSE has been the object of much

study is that words and strings of unrelated letters have a

similar number of visual features; words and nonwords are

merely different ordering s of the same letters. Therefore,

if the encoding stage does not process a word differently

than a nonword , how could the resulting representation con-

sist of fewer units? One answer is that the letter strings

which form words also correspond to verbal forms , and thus

can be easily pronounced. Most strings of random letters,

on the other hand
,
happen to be unpronounceable

,
except by

1 i sting the letter names. Whether the units used are sy 1 1-

ables or phonemes , the acoustic representations of words

will , in general , consist of fewer elements than those of

nonword letter strings. Thus, if it is the acoustic repre-

sentation of a letter string which is matched with another

string or with a target/probe letter, then the task will be

completed more rapidly for words than for nonwords • But in

such a case , it would not be said that the word was per-

1
ceived more rapidly

.

For all three of the tasks there is contradictory evi-

dence as to whether S_s match acoustic representations of the

words and nonwords . Mezrich ( 19 73 ) replicated Reicher 1 s

( 1969 ) probe recognition study , but added a 1.5 sec delay

between the appearance of the visual noise mask and the

presentation of the probe alternatives . During thi s delay

,

S_s were required to vocalize the stimulus . This vocal iz a-
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tion enhanced the accuracy on single letter stimuli but did

not affect accuracy on word stimuli , thus suggesting that Ss

normally construct acoustic representations of words in the

probe recognition task, Thompson & Massaro (1973) found

that the degree of visual similarity of the probe alterna-

tives had no effect on Ss f accuracy on word stimuli. This

is consistent with the notion that the words are encoded

into their acoustic forms . Moreover
,
Thompson & Massaro

found that when the task was changed such that the S_ was en-

couraged to attend to only the middle letter of the word

rather than the whole word , then an effect of probe simil-

arity was obtained.

On the other hand, Baron & Thurston ( 1973) reasoned

that if acoustic codes were being formed from the briefly

presented words , then S_s would have more trouble choosing

between two visually differing but acoustical ly identical

alternative words than between two visually differing words

which were not homophones. They found that S_s ' accuracy

when the alternatives were homophones did not differ from

when the alternatives had different pronunciations. Spoehr

& Smith (1973) found greater accuracy to one-syllable than

to two-syl 1 able 5 -letter words in a probe recognition task

,

but found no sy 1 1 able effect in the tachistoscopic report

of two-digit numbers. They thus concluded that the effect

of number of sy 1 1 ables on the perception of a briefly ex-

posed word is due to factors other than the size of its
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acoustic representation. However, since it is possible

that failure to find a syllable effect wj th digits was due

to the absence of a matching process in the digit task or

to a lower likelihood of acoustically encoding nonword

stimuli, their conclusion remains less than fully convinc-

ing •

Krueger ( 19 70c ) tested for acoustic matching in the

visual search task by comparing the RT to search for a tar-

get letter through an array of acoustical ly similar or

dissimilar letters. Although previous researchers (e.g.
,

Chase & Posner, 1965; Kaplan, Yonas, & Shurcliff, 1966)

failed to find an effect of acoustic confusability on visual

search ,
Krueger found that acoustic simi 1 arity caused a

small (25 msec ) decrement in the RT for searching the ar-

ray. However , further analysis of Krueger ' s data indicated

that the effect was mostly due to a relatively small subset

2
of his Ss.

To determine if acoustic representations are compared

in the simultaneous matching task , Eichelman ( 19 70 ) pre-

sented S^s with pairs of strings where one string was in

upper-case letters and the other was in lower-case letters.

Since the task was to respond SAME if both strings of a pair

contained the same letters in the same order regardless of

case , Ss were strongly encouraged to match acoustic repre-

sentations of the different-case stimuli. The fact that the

matching times for these different-case stimuli were longer
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than those for same-case stimuli (in a task where Ss were

instructed to match on the basis of visual information

)

suggests that Ss do not usually match word names when both

words are in the same case. However , as Krueger ( 1973

)

pointed out, if the WSE found by Eichelman was due to Ss

matching word names on only some of the trials, then the

RT difference between same-case and different-case matches

would still occur.

Egeth & Blecker (1971) compared the matching RTs for

3-letter acronyms (such as FBI) with those for the same

letters rearranged to form a word (e.g. , FIB) and found

almost no difference. Since the words could be pronounced

as one syl lable and the acronyms are normally pronounced

as three syllables, the failure to find a difference In

matching RTs is evidence that their acoustic representations

were not what were being matched. However, in this study,

Egeth & Blecker used only three word-acronym pairs and ran

only 10 Ss for one session each. It is possible that their

results would not generalize to other S^s and other word-

acronym pairs

.

In an attempt to directly test whether or not acoustic

representations are what are being compared in a word match-

ing task, Klapp (1971) compared the RTs for matching one-

and two-syllable five-letter words. He found a 46 msec

syllable effect for DIFFERENT responses, but none at all

for SAME judgments. In a matching task where one- or two-
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syllable concrete nouns were paired with pictures, Klapp,

Anderson, & Berrian (1973) again found no syllable effect

for SAME matches, but this time found for DIFFERENT re-

sponses only a small (14 msec) syllable effect which was

only marginally significant (p < .10, 18 Ss). Klapp et al.

concluded that the matching of acoustic representations is

a possible but unnecessary strategy for performing a word

matching task.

To extend Baron & Thurston 1 s ( 19 73 ) finding on acous-

tic representations to the simultaneous matching task

,

Baron (1974) assembled two groups of word pairs which were

exactly matched for degree of visual difference. However

,

the word pairs in one group were homophones while the pairs

in the other group were not. Baron found no significant

differences between the matching RTs of each group, thus

providing evidence that Ss do not compare the acoustic re-

presentations of words in the matching task

.

Compared to the amount of research done on whether

acoustic representations are used in visual search , probe

recognition, and matching tasks, few studies have been

directed at the question of whether the word advantage

shown in these tasks is due to some factor , other than the

size of the acoustic representation , which acts exclusively

on the comparison stage. By having Ss search for more than

one target letter, Krueger (1970a) was able to increase the

number of comparisons necessary for the visual search task
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without af fectinq the amount of encoding done. His finding

that the size of the WSE was not affected by whether S

searched for one , two , or three targets strongly suggests

that the locus of the word advantage is in the encoding

stage of the task. However, Krueger's results were based

on data from only two S^s (one of whom was Krueger himself)

who each were tested for at least eight sessions. Improve-

ment in the task over sessions may have interacted with

target set si ze and familiarity of the di splay in a way

that masked the effect of multiple targets on the WSE.

Em Smith (1967) investigated the effect of word fam-

iliarity in a memory search task ( cf . ,
Sternberg , 1967).

He found that the effect of probe word famili arity was in-

dependent of positive set size for the positive responses

but interacted with positive set size for the negative re-

sponses. He concluded from this result that probe f ami 1 i-

arity affects only the comparison process. To account for

the effects of probe familiarity more precisely, Smith pro-

posed that S^ checks his decision before responding; since

there is only one comparison necessary for checking a posi-

tive response , but usually more than one comparison neces-

sary for checking a negative response, probe familiarity

would interact with positive set size only for negative

responses . Comparing the matching time of words and non-

words, Schindler, Well, & Pollatsek (1973) found that the

size of the WSE for DIFFERENT responses tended to increase
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as the position of the single differing letter pair varied

from left to right. However, it was unclear from their

data whether this effect was due to encoding or comparison

processes.

Thus, although the visual search, probe recognition,

and simultaneous matching tasks sharply limit the possible

influence of memory and response factors, they introduce

the possibility that the superior performance on words over

nonword letter strings could be due to factors which operate

on only the matching processes. A truly perceptual WSE

would require that the encoding processes are also affected.

Yet , as a review of some relevant studies has shown , the

possibility has not been conclusively ruled out that the

locus of the word advantage is solely in the matching stage.

One purpose of the present study is to provide a new line of

evidence that perceptual experience with letter strings

causes those strings to be encoded more efficiently and not

only be compared more rapidly.

An obvious test of the hypothesis that the WSE is due

to the different sizes of the acoustic representations of

words and nonwords would be to see if nonwords which are as

pronounceable as words also have a 1 arge performance advan-

tage over random letter strings. This has been done many

times (e.g., Gibson, Pick, Osser, & Hammond, 1962; Baron &

Thurston, 1973), and the results are that performance on

pronounceable nonword stimuli approaches or equals that of
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word stimuli . However , these results do not bear on the

issue of acoustic representations , since pronounceabi li ty

is completely confounded with the rules and regularities of

English orthography (see Gibson, Shurcliff , & Yonas, 1970,

p. 71). A method for avoiding the problems of this con-

founding would be to equate the pronounce ability of two sets

of letter strings and then give Ss a great deal of visual

experience with one of those sets ( the repeated set) . If

,

fol lowing this training , performance on the repeated strings

.in a perceptua.l task which control s for memory and r esponse

factors i s superior to performance on the equally pronounce-

able set which was not repeated ( the nonrepeated set
) , then

the effect of experience on letter string perception is not

due to differences in the size of acoustic representations

.

In the present study the simultaneous matching task was

used, but it is assumed that the results would not qualita-

tively differ if visual search or probe recognition tasks

3were used instead. A letter set of twelve consonants was

chosen, and all of the letter strings used in this study

were random order ings of these twelve letters (no letter

could be repeated in a single string) • On a single trial

,

a letter string would be paired either with itself or with

a letter string that differed from it in only one of its

six positions • Further , when one of the letters in a string

was not paired with itself, there was only one other letter

it could be paired with. A letter and the only possible
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dif fering letter it could be paired with are called con j u-

gates of each other, and the pair of letters is called a

conjugate pair.

The purpose of grouping the twelve letters into six

conjugate pairs were ( 1 ) to insure that repeated and non-

repeated strings could be paired with strings of comparable

familiarity without adding redundancy to the differing re-

peated strings which would not also be present in the non-

repeated strings, and (2) to insure that during the entire

period of perceptual training , each repeated string was

paired with one of only six others . Thus
,
conjugate pair-

ing al lowed a test to be made of the possibility that

learning to match a specific repeated letter string more

rapidly is due to facilitation of the matching stage alone.

If on the session following the last training session the

conjugate pairings are changed , then , when a letter string

differs, it will differ in a novel way. If the decreased

matching time of the repeated strings is due to an adapta-

tion of the matching process to the specific comparisons

which it processed repeatedly over the training period,

then this facilitation would occur to a lesser extent to

a novel comparison, even if it is a repeated string which

is beinq compared. Therefore, if the perceptual training

causes changes in the matching stage only, the RT advantage

of repeated over nonrepeated strings should be markedly

reduced in the session where the conjugate pairings are

changed.
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WHAT IS LEARNED?

Perceptual training tasks , such as the one in the pre-

sent study, are ideally suited for investiqating the question

of what is learned in the perceptual learning of letter

strings . Presuming that letter strings which form words

are perceptually encoded more rapidly or more efficiently

than nonword letter strings , what information has the per-

ceptua 1 system taken from its experience wi th words which

allows this encoding advantage to occur?

Several theorists (e.g., Gibson, 1969; Smith & Spoehr,

19 74 ) have argued that the learning of the rules and regu-

larities of English orthography is responsible for the WSE.

However , it is unclear whether acquisition of a smal 1 number

of very general ly applicable spelling ru les is sufficient to

account for the perceptual advantage of words , or whether

the storage of a very large number of "rules" which apply

only to certain, letter strings or letter groups must be

postulated.

In a study where S_s • performance on words and pronounce-

able nonwords was compared using a probe recognition task,

Baron & Thurston (1973) provided evidence that a limited

number of very general rules is sufficient to account for

the WSE. The pronounceable nonwords used in their study were

constructed from the words they used by changing one of the

nonprobed letters in the word to a letter which is allowable

by general English spelling rules , but which causes the
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letter string to become a nonword. For instance , the pro-

nounceable nonword corresponding to CARS was CORS; possible

di f ferences in d i scriminability between A and 0 were irrele-

vant since, for CARS and CORS, only the first and third

letter positions were ever probed • In two separate experi-

ments, Baron & Thurston found that although performance on

word stimuli was superior to performance on nonword st imu Ji

whose letters did not correspond to Engl ish orthoqraphic

rules , there was no difference between the accuracy to words

and that to pronounceable nonword s . Thus
,
considering these

results together wi th the results of their homophone study

(which suggested that acoustic representations were not

being used in their task ) , Baron & Thurston concluded that

knowledge about general spelling rules (such as the tendency

of vowel s to occur in the middle of syllables) is responsible

for the WSE.

On the other hand , it has often been reported (e. g •

,

Howes & Solomon, 1951) that words which occur frequently in

wr i tten Engl ish can be perceived more easi ly than i nf re-

quently occurring words • This word-frequency effect sug-

gests that rule information which is specific and applic-.

able to only a small number of stimuli can be learned from

experience with letter strings, and that the learning of

these specific rules can facilitate the perception of those

strings • However , several authors (e.g.
,
Newbigging , 1961

;

Broadbent, 1967) have presented evidence that the word-
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frequency effect is due to response factors rather than

perceptual ones. For instance, Newbigginq found that if

frequent and rare words are tachistoscopically exposed for

increasingly long durations, Ss are biased toward guessing

more frequent words as responses on tr ial s where only part

of the stimulus was perceived. In addition, he found that

Ss seem to require the perception of a larqer stimulus frag-

ment before they will venture an infrequently occurring word

as a response.

However , even if it can be demonstrated that there i

s

a perceptual component to the word-frequency effect , this

perceptual difference may be attributable to differences be-

tween common and rare words on dimensions other than frequ-

ency of occurrence. For instance , Landauer 3c S treeter (19 73)

have shown that the overall letter frequency distribution

differs for frequent and rarely occurring English words , and

there may be other differences as well. Thus, comparing the

perception of common and rare words is a rel a tively poor

method for testing the hypothesis that specific information

which can facilitate perception is acquired from experience

with letter strings

.

A more direct way of testing the hypothesis that spec-

ific rather than only general rules can facilitate perception

is to vary the frequency of occurrence of a particular letter

string and observe if such repetition causes the letter

string to be perceived more rapidly. This has in fact been
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nttempted many times, with mixed results. Solomon & Postman

(.1952 ) found that the shortest tachistoscopic exposure dura-

tion at which Ss could correctly report a 3-syllable nonsense

word was closely related to the number of times S_ heard that

nonsense word read aloud during the immediately preceding

part of the experiment. However, when Goldi amend & Hawkins

(1958) followed a similar procedure except that they tach-

istoscopical ly exposed a Rorschach figure rather than a non-

sense word
,
they found the same relationship between frequency

of prior exposure and verbal report. This indicates that the

effect was due to response biases formed during the session

•

Goldstein & Ratleff (1961) varied the frequency of visual

presentation of nonsense sy 11 ables , but tested recognition

by using a forced choice procedure rather than by requiring

full report. With response factors controlled in this way,

they found no effect of prior exposure on perception , thus

supporting the response bias explanation

.

More recently , Earhard & Fuller ton ( 1969 ) presented S_s

with 96 consecutive brief exposures to 4-letter consonant

strings. Ss • task on each exposure was either to indicate

whether or not one of the letters in the string was thinner

than the others or to indicate whether or not the exposed

string was identical to a previously shown comparison string.

Although Earhard & Fullerton found small improvements in

accuracy , this result could have been due to general improve-

ment in the task rather than specific improvement of percep-
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tual processing. Krueger (1970b) studied the effects of

specific frequency in a more controlled way by alternating

repeated and nonrepeated display strings in a visual search

task. He found that Ss searched more rapidly through re-

peated display sets whether the displays were words, non-

words, or even line figures. However, the fact that the

effect appeared early in the session and did not increase

as the session progressed indicated that this perceptual

effect of stimulus repetition is too short-] ived to be able

to account for the rather permanent perceptual advantage of

words over nonwords.

Thus the present study provides a unique opportunity

for determining whether relatively specific information about

letter strings can be stored to facilitate their perception.

While the nonrepeated consonant strings were randomly chosen

(with the constraints previously mentioned), the set of six

letter strings which were repeated over the course of the

training period was further constrained such that (3 ) no

particular bigram, trigram, etc. appeared more than once in

the repeated set , and that , ( 2 ) no letter appeared more than

once in a single position. Therefore , the only kind of

"rule" which could be learned about a repeated string would

be specific to that string . could not learn general rules

such as 11C is more likely to occur in the first position" or

"D usually follows B" • In fact , if information about letters

is what is stored by the perceptual system, then there would
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have to be one "rule" for each letter in each of the six

strinqs in the repeated set. Thus, if Ss can perceive such

a repeated set of letter strings more rapidly than nonre-

peated controls , then it must be possible to store very

specific rule information in a form which can facilitate

perception.

At least one group of early researchers (Erdmann and

Dodge) proposed that it is the general shape of a word which

all ows it to be seen so rapidly . Mewhor t ( 1966 ) found that

changing the word shape by increasing the inter-letter spac-

ing reduced the perceptual advantage of letter strings which

were similar in letter structure to English words. This

result suggests that stored information about visual fea-

tures which span single letters is at least partially re^

sponsible for the rapid perception of words. Although

recently Schindler, Well, & Pollatsek (1974) have found

that changing the shape of six-letter words by segmenting

the letters into pairs does not reduce the WSE, it is pos-

sible that that particular configura tional change failed to

destroy the between-letter features which happened to be

crucial. A configurational change which may be more effec-

tive in destroying between-letter features is the presenta-

tion of the letters of a string in a vertical column rather

than in a familiar row. If the perceptual facilitation of

the repeated strings transfers to a task where vertically

presented repeated and nonrepeated pairs must be matched, it
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argues for the relative unimportance of between-letter vis-

ual features in the perceptual learning of I etter strings.

Gibson (1969, 1973) has proposed that i n formation con-

cerning the relative position of a letter or letter group is

contained in the rules which facilitate the perception of

words. In accounting for the finding that strings with word

like letter order were perceived more accurately than less

constrained letter strings (e.g. , Gibson
,
Pick, Osser , and

Hammond , 1962 ), Gibson noted that the frequently occurring

letter clusters in her stimuli "were not merely subunits

created by high bigraph frequency; it was a cluster in its

legal place in a word that facilitated recognition" ( 1973 , p.

17). Evidence that such position information is stored has

been provided by Z as low ( 19 72 ) who has shown that when com-

monly occurring consonant clusters are used as targets in a

visual search task , Ss can locate them faster when they

searched through letter strings where the positions of the

consonants followed the regul arities of English orthography

.

In order to investigate the importance of stored posi-

tional information in the perceptual learning of letter

strings, an additional transfer task was given to the Ss in

the present study after they had completed the training

period . In this task , Ss matched 6-1 etter strings which

were designed so that either the first or last 3 letters

were the same as those of a repeated string while the rest

of the string was a random sequence of the remaining letters
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of the set. Half of these "partially fami liar' 1 letter

strings preserved the position of the familiar 3-letter

sequence while in the other half, the position of the fam-

iliar sequence was shifted 3 positions to the right or left

(thus yielding four types of partially familiar letter

strings). If transfer of perceptual learning to those

partial ly familiar strings which preserve the familiar

group position is greater than the amount of transfer to

the strings where the position of the familiar group is

altered , then stored position information must play a role

in the perceptual facilitation of repeated letter strings.

METHOD

SUBJECTS

Four Universi ty of Massachusetts psychology students

served as paid S_s. Two Ss (L.T and SB) were female under-

graduates, one (LQ) was a female graduate student, and one

(DK) was a male graduate student. Each S_ received payment

of $ 36 after completing the first 21 sessions and an addi-

tional $4 after the completion of the last two sessions

.

All Ss were right-handed.

APPARATUS AND MANNER OF STIMULUS PRESENTATION

A Hewlett-Packard 2114B computer control led the pre-

sentation of capital letters on an HP 1300A X-Y display

oscilloscope. It also recorded S 1 s responses and measured

the response time in milliseconds. Ss were run individu-

ally and sat approximately 1 . 5m. from the oscilloscope
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screen., in a dimly lit room.

The display for a single trial consisted to two six-

letter strings v/ith one string directly above the other (see

Figure la) . Each of the letters in a string was constructed

by illuminating the appropriate pattern of points in a matrix

13 points high and 9 points wide. A single letter was 1.00

cm. high and .87 cm, wide, and there was .21 cm. between

letters . The letter strings were 6.28 cm. long and sub-

tended 2°22 1 of visual angle. The vertical distance between

the two strings was 1.74 cm. and hence the total vertical

visual angle subtended was 1°30 *

.

PROCEDURE

The experiment consisted of twenty-three 4 5 -minute ses-

sions . The first 16 were termed "training " sessions , and

the last 7 were considered "transfer" or "retention" sessions.

The procedure was essentially the same for all sessions ex-

cept Session 21.

At the beginning of Session 1, Ss were given a copy of

the instructions ( see Appendix I ) which they read immediately.

They were told to keep their copy and bring it to future,

sessions for possible reference. Before each session, _Ss

were reminded to "take as much time as you need to make the

correct response , but no more" • At the beginning of each of

the transfer sessions , Ss were told that the stimuli would

differ from what they had been seeing and were told in gen-

eral terms what the difference would be.
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(a) DNJKHB

DNJKHB

LFPBJM

LFPGJM

(b) D D

M M

N N

G G

F F

J J

B B

C C

H H

M M

D P

N N

Figure 1 Examples of (a) normal horizontal display,

and (b) vertical letter string presentation

used on Session 18.
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Each session began with at least one practice block con-

sist inq of 24 pairs of random 6-digit strings. For Session 1

Ss were given one extra practice block since the task was new

to them. For Sessions 22 and 2 3 they were gi ven an extra

practice block since they had been away from the task for a

comparatively long period of time. Fol lowi ng the practice

block(s) , each S_ was given four blocks, each consisting of

48 pairs of 6-letter strings. £ initiated each block when

he was ready; the interval between trial blocks varied from

1-2 minutes

.

A single trial began with the presentation of a fixation

point (a "+") in the center of the screen for 1 second and

was followed by bl ank screen for 500 msec • Then the pair of

strings was displayed. The strings remained on until £ re-

sponded by pressing the appropriate key on the response panel

in front of him. Of the ten keys on the response panel , the

leftmost key always indicated a SAME response and the right-

most key always indicated a DIFFERENT response. Following

S 1 s response , feedback , which consisted of the RT in msec for

a correct response and the word "error" for an incorrect re-

sponse , was displ ayed in the lower left-hand corner of the

screen. When Ss responded incorrectly , the sequence of the

trial block paused until £ indicated by pressing a middle key

that he was ready to continue. The interval between the feed-

back for a correct response and the beginning of the next

trial was 1 second.
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Por Session 21, S_ was given instructions appropriate

for the probe recognition task ( cf . , Reicher , 1969). As in

the RT sessions , the trials were grouped into four b] ocks

of 48. 5_ initiated each trial by press inq a middle key.

One second 1 ater , a single 6-letter string was briefly pre-

sented and was f ol lowed by a mask of 6 asterisks. The probe

alternatives appeared above the asterisks at the position of

the probed letter and remained visible for five seconds. S_

responded by pressing the leftmost key to choose the upper

alternative and the rightmost key to choose the lower one.

The stimulus duration at which f3 performed at 75% accuracy

was rouqhly estimated from his performance on 3 or 4 practice

blocks. The mean stimulus duration for the four 3s was 412

msec.

STIMULI AND DESIGN

Every letter string used in the study was a sequence of

six consonants from the fol lowing set

:

B C D F K N
G J P H M L

Each column represents a conjugate pair. Pairings were

arbitrary except that the letters containing curved lines

were paired wi th each other ; this was done to lessen the

chances that the members of a conjugate pair could be dis-

criminated after the extraction of only one gross visual

feature. In the presentation of a pair of letter strings

during a trial, every letter was paired with either itself
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or with its conjugate. This was true for both repeated and

nonrepeated strings.

Each trial block was generated by the computer from

one or two sets of six "prototype" letter strings. If a

set of repeated prototypes was used, the resulting trial

block was termed "repeated"; if a nonrepeated set of proto-

types was used, a "nonrepeated" block resulted; and if both

a repeated prototype set and a nonrepeated set were used in

the formation of a tr i al block , the resulting block was

termed "mixed"

.

A trial block consisted of 48 repetitions of the follow-

ing seguence. First a prototype letter string was chosen

randomly from one or two prototype sets . Then it was ran-

domly decided whether the strings on that trial would be the

4same or different . If the strings were to be the same , then

the chosen string was duplicated and the identical pair of

strings was di splayed . If the strings were to differ , a

single position of difference was randomly chosen (from the

6 possibilities ) and the comparison string was constructed

by duplicating the prototype string on all positions except

the differing one; in that position, the conjugate of the

letter in the differing position was used. Finally, it was

randomly decided whether the prototype or its companion

string would occupy the upper position in the display , and

then the stimulus pair was presented.

Each string of the 4 sets of repeated prototypes was
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written into the proqram and consisted of a randomly chosen

member of each of the six con j ugate pairs • In order to make

it impossible (1) for any letter in a repeated prototype set

to appear more than once in a single position, and (2) for

any single sequence of letters to appear more than once in a

set of repeated prototypes , the ordering s of the conjugate

pairs of the six repeated prototypes were as follows

:

1 2 3 4 5 6 rw _ . ^ . uEach row designates one of the246135 six prototype strings in a re-

3 6 2 5 14 peated set, and each number
designates one of the six con-

4 15 2 6 3 jugate pairs.

6 5 4 3 2 1

For each S, a given conjugate pair had a different (randomly

chosen ) con j ugate pair number. Thus , the repeated prototypes

for each S_ were totally different
t

a 1 though under precisely

the same constraints . This was designed to reduce the con-

founding of the effects of string repetition on perception

with the visual properties of any particul ar set of repeated

strings. The set of prototypes used for each S_ are presented

in Table 1.

A nonrepeated prototype set was generated anew before

each nonrepeated or mixed trial block. The procedure was to

sample from the six conjugate pairs wi thout replacement , and

to randomly choose a member of each pair chosen. Strings so

generated which happened to be identical to a repeated pro-

totype (or which had a conjugate which was identical to a

repeated prototype ) were discarded . Although the strings of
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Table ]

Repeated prototypes used for each

LT

NJPFMG

CFGLDK

PRJMNF

HNKJGD

KDNBFJ

BMFPJL

DK

GPCFLK

DFKBJN

CMPLGF

HGNPKJ

NJGMFP

MLFCPB

SB

MNFBDC

LBCKHP

FJNDMB

GMPNCH

PHMJBN

JDBFNK

LQ

JHLMDB

FMBCNP

LGHDJM

KJPNBN

PNJGMH

GDMLHC

Table 2

Examples of nonrepeated prototype sets

MDBFNC ' BDMCNF

GFLKDC JFGNKD

CNFGPK FMCBPL

BKDFJN NPGJMP

CPKLFB HLJKPG

LCFPMB DMNGFJ
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a set qenerated in this way could occasionally have had

letter sequences in common (while repeated strings could

not), this would, if anything, tend to enhance the percep-

tion of the nonrepeated strings rel ative to the repeated

strings , and thus was not considered a problem. Two exam-

ples of a nonrepeated prototype set are displayed in Table

2.

Table 3 summarizes the order of trial blocks each S_

received during the 2 3 sessions of the study . The first 21

sessions were on consecutive weekdays beginning with a

Monday. Session 22 was on the Friday following Session 21,

and Session 23 was on the sixth Friday after Session 22.

Thus, the duration of the experiment for each S was almost

three months. An attempt was made to run a S at the same

time each day.

Sessions 1 through 16 were training sessions . Six

repeated letter strings were used on half the trial s of a

session , and newly generated nonrepeated strings were used

on the other half. Two mixed blocks were given during Ses-

sion 1 to determine if the larger stimulus set of a mixed

block affected RT. At the end of Session 16, each £ was

given 10 minutes of in terpolated activity (i.e. , conversa-

tion) and then was given a list of 24 6-letter strings typed

in captial letters. S_ was told that he had seen six of the

strings on the list many times during the experiment, while

the other 18 were probably completely novel. He was asked



Table 3

Order of trial blocks for each for pach session

( R=repeated trial block
, N=nonrepeated block , M=mixed block

)

Sub j ect

Session# Session Type LT DK SB LQ

1 training RMNM NMRM MRMN MNMR

2 traininq NRNR RNRN NRNR RNRN

3 training RNRN NRNR RNRN NRNR

4 training NRNR RNRN NRNR RNRN

5 training RNRN NRNR RNRN NRNR

6 trai ning NRNR RNRN NRNR RNRN

7 training RNRN NRNR RNRN NRNR

8 training NRNR RNRN NRNR RNRN

9 traininq RNRN NRNR RNRN NRNR

10 traininq NRNR RNRN NRNR RNRN

11 traininq RNRN NRNR RNRN NRNR

12 training NRNR RNRN NRNR RNRN

13
itraining RNRN NRNR RNRN NRNR

14 training NRNR RNRN NRNR RNRN

15 training RNRN NRNR RNRN NRNR

16
. . ( also forced choicetraining ... , . \^ recognition test

)

NRNR RNRN NRNR RNRN

17 new con j ugate pairings RNRN NRNR RNRN NRNR

18

19

vertical ly presented strings

partially familiar stri ngs

NRNR
a a

RNRN
a a
MMMM

NRNR
a a

MMMM

RNRN
a a
MMMM

20 retention - basel ine NRNR RNRN NRNR RNRN

21 probe recognition task RNRN NRNR MMMM MMMM

22 retention RMNM NMRM MRMN MNMR

23 ' retention RMNM NMRM MRMN MNMR

aTrial block data lost due to E 1 s error
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to circle the six strings he had seen before

•

Sessions 17 through 19 were the transfer sessions.

Session 17 was identical to Sessions 2-16, except that new

conjugate pairings were assigned to each _5. On Session 18,

the letter strings were presented in vertical columns (see

Figure lb). Session 19 consisted of four mixed blocks of

the four types of partially familiar strings (see Figure 2).

Session 20 was run to serve as a baseline for the reten

tion sessions. After Session 20, Ss were asked to give

written answers to some open-ended questi ons concerning

their matchinq strategies and their genera] reactions to

the experimental situation. Session 21 was i ncl uded as an

attempt to provide a converging operation to show that the

effect of stimulus repetition found in this study was a

truly perceptual phenomenon rather than an artifact in the

task. Finally, Sessions 22 and 23 were run to investigate

the permanence of the perceptual changes resulting from long

term letter string repetition.

RESULTS

TRAINING SESSIONS

5
The RT data for the training sessions (15,288 observ-

ations ) were reduced to 512 numbers by calculating the mean

for each response type , for the repeated and nonrepeated

strings, for each .S, for each pair of trial blocks in a day,

for each of the 16 days of training. A four-way analysis of

variance and linear trend analysis were performed on these
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(a) If ABCDEF is a repeated letter string, then the partially

familiar strings derived from it are as follows

:

ABCXXX XXXABC
(X = random letter)

XXXDEF DEFXXX

(b) NDKMNP DNLFMG

LDKMNP DNLFMG

Figure 2 . (a) construction of the partial ly familiar strings

used in Session 19, and (b) examples of partially

familiar strings used for Sub j ect LT (familiar

portions of the strings are circled).
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means. The results of these analyses can bo seen in Appendix

II. Since the only significant effect of the Blocks (i.e.,

half-sessions) variable was a third-order interaction which

was not easily interpretable , and since an unequal number of

observations were used to compute each mean, this set of means

was not further used. Instead, in an attempt to reduce the

random variability due to the unequal weightings of individual

RTs , the weighted mean of each pair of ha J f-session means was

calculated , thus reducing the data to 256 numbers

.

A three-way ANOVA and a linear trend analysis- were per-

formed on these means, and the results are summarized in

Appendix IV (the means of the 4 Ss for each day and condition

are in Appendix III ) . There was a significant decrease in RT

^(15 45)~ 16.67, p < .001) over the course of the training

period. As can be seen in Figure 3, RT decreased steadily

with practice- until Session 11 or 12 where it appeared to

level off. Further it is also clear from Figure 3 that the

RT decrease over sessions was not due to a speed-accuracy

trade-off since the error rate was higher on the first ses-

sion than on succeeding training sessions and did not appear

to vary systematically with RT.

The significant main effect of letter string familiarity

( F = 66.08, p < .005) is illustrated in Figure 4. On

every session except Session 2, the repeated strings were

matched faster, on the average, than the nonrepeated strings.

However, the size of the repeated string advantage (familiarity
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effect, FE) increased significantly over training sessions

(see Fiqure 5) yielding a significant FxD
]

, - interaction

(Pq
3 j=

17.06, p < .05). The remainder of the FxD inter-

action was not significant ( F
( 14 42)

= 27, p > .20), imply-

ing that the advantage of repeated over nonrepeated strings

rose in a roughly linear fashion. The slope of the best-

f ittinq straight 1 ine was 6.77 msec/ session and its inter-

cept was 46.20 msec. This suggests that , al though the fam—

i liarity effect increased over sessions , there was a sma 1

1

initial advantage of the repeated stimuli. It may very well

have been that one or more of the letter strings randomly

chosen to be repeated happened by chance to be able to be

matched more rapidly than the average nonrepeated string.

There are several probable causes for the large amount

of random variation in the size of the familiarity effect

over days . First , on all traininq days except the first

,

the f am i liarity manipulation (repeated vs. nonrepeated) was

a totally between-blocks variable. Since any changes in S's

mood and/or motivation are more likely to occur between

blocks than within them, the variability associated with

such changes increased the variability of the fami liarity

effect for a session. Also , the difference between the re-

peated and nonrepeated strings is probably more susceptible

to the inevitable variations in S_ • s mot i.vat ion between days;

if S_ wants to "slack off" during the task, it is more likely

that he will take extra time on the easier matches since the
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resulting absence of very long RTs would tend to conceal

his temporary f ai lure to respond as quick] y as possible.

Finally, the variability due to the continual change of

stimuli in the nonrepeated condition also adds to the vari-

ability of the FE . An analysis of variance on the standard

errors of each of the 35 2 means calculated from the 2 2 ses-

sions showed that the nonrepeated RTs were indeed more var-

iable (F
(1 3 j=

24.24, p < .025).

In order to further illustrate the increase in the ad-

vantage of repeated over nonrepeated strings which occurred

during the training sessions, the curve in Figure 5 was

"smoothed" by plotting the means of over 1 apping groups of

three sessions (see Figure 6 ) . This smoothed function is

quite linear (the best fitting line accounts for 89% of the

variance) , and it indicates that the advantage due to letter

string repetition increased steadily over the course of the

training period.

The significant response by famil i ari ty in ter acti on (F

^ 2)
= 40. 45, p < .01) is illustrated in Figure 7. Clearly,

the effects of string f ami 1 iarity are smaller for DIFFERENT

responses than for SAME responses • However , it is probably

not the case that only SAME matches were facilitated by

stimulus repetition. It is more likely that DIFFERENT re-

sponses were affected by stimulus familiarity to a lesser

extent than were SAME responses , and that given the 1 arge

amount of random variabi lity in the study , this smal ler
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effect could not be shown (the effect of familiarity on

DIFFERENT responses did not increase significantly over

sessions , F < 1 ) . Evidence supporting this explanation

is that the correlation of the daily mean familiarity ef-

fect for SAME responses with that for DIFFERENT responses

was quite large (r = .723, p < .001).

To investigate the speed of DIFFERENT responses as a

function of the position of the difference in the strinq

,

the DIFFERENT RTs for each subject-session were used to

calcul ate 24 means (6 positions of difference x 2 level s of

familiarity x 2 half-sessions ) • However , because of the

small number of observations which contri buted to each mean

the error due to unequal weighting of individual RTs was

very large. In f act , some means were equal to zero because

there had been nc trials in those particular conditions.' So

to reduce this weighting error , the RT data from training

sessions 1-8 were used to compute only 24 means for each S_.

A similar form of col lapsing was also done for training ses

s ions 9-16 . A four -way ANOVA was performed on those means

and the results are summarized in Appendix VI ( the means

themselves are in Appendix V).

The position of the difference in the letter string

significantly affected the mean RT to respond DIFFERENT

(F^
5 15 )= 46.68, p < .001). The form of this relationship

can be seen in Figure 8. There are at least two plausible

matching strategies which are consistent with these data.
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The monotonic increase in RT from position 1 to position 6

suggests that Ss used a left-to-right serial self-terminating

scan in this task • Further , the function appears to be neg-

atively accelerated , thus suggesting that S_s scan more

rapidly as they qet further into the letter string , at least

some of the time. On the other hand , the RTs for positions

2-5 seem to be on the same line , and the matching times for •

differences in positions 1 and 6 appear to be faster ( by

equal amounts ) than would be predicted from the best fitting

line joining the times for positions 2-5 (see Figure 8).

This could be interpreted as indicating that often a left-

to-right serial self-terminating matching process is used

,

but that sometimes matches are made without scanning. These

"wholistic" matches would be faster than those made by scann-

ing , and would occur more often for differences at positions

1 and 6, since those positions are less affected by lateral

masking by neighboring letters.

The effect of letter string familiarity on DIFFERENT RT

varied with the position of the difference in the string

(F^
5 i5)

= p < .005). Generally, the perceptual advan-

tage of repeated over nonrepeated strings increased with

increasing left-to-right position of difference (see Figure

9). A separate ANOVA was run on the data for each serial

position, and the results are summarized in Table 4. There

appears to be no effect of familiarity for positions 1 and

2, a small one at position 3, and a larger one at position 4.
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However , the size of the fami liarity effects at positions

5 and 6 are , if anything , smaller than the effect at posi-

tion 4.

During the training sessions, there were only six let-

ter discriminations possible , one corresponding to each of

the conjugate pairs. Since, over the 16 sessions, every

conjugate pair occurred approximately equally often in each

position for both repeated and nonrepeated pairs , the rela-'

tive discriminability of the members of a conjugate pair

should be the same for repeated and nonrepeated strings

.

However , if the continual presence of a specific letter con-

text changes the discriminability of a pair (e.g. , by allow-

ing the formation of featural units which span single letters

)

then the relative discriminability of the six pairs should be

different for the repeated and nonrepeated stimuli. The

mean RTs to each conjugate pair for repeated and nonrepeated

strings can be seen in Table 5. Repeated string matches were

in general faster than nonrepeated ones , but there was no

significant interaction of f amili arity with di scrim i n abi 1 ity

of conjugate pairs (F < 1). Moreover, the repeated and non-

repeated means for each conjugate pair covaried (r = .84, p

< .05), thus suggesting that the existence of an unchanging

letter context does not affect the relative discriminability

of a letter pair

•

TRANSFER AND RETENTION SESSIONS

The overall RTs and error rates for the transfer and
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Table 4

Familiarity effect for string pairs differing at each position

Position of FE F(df * 1,3) P
difference (in msec)

1 11 < 1

2 20 < 1

3 40 21.36 < .025

4 124 152.76 < .005

5 90 28.06 < .025

6 105 22.68 < .025

Table 5

RT to each conjugate pair for repeated and nonrepeated strings

_ , , . RT for RT forConjugate pair , , , . , , , .J ^ ^ repeated strings nonrepeated strings

C-J 1131 1158

B-G 1147 1235

N-L 1166 1231

D-P 1192 1237

M-K 1225 1322

F-H 1233 1265
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retention sessions are displayed in Fiqure 3. For each S,

the mean RT for Sessions 13-16 was computed and these means

were compared with the mean RT for each on the transfer

and retention sessions . The results of these compari sons

are di spl ayed in Table 6.

The mean familiarity effect for each S on each of the

16 sessions was computed directly from the observed RTs . For

each f3, the best-fitting straight line through those points

was used to derive a projected estimate of the Session 17

familiarity effect. These projections were compared with

the directly calculated familiarity effects for each S for

the transfer and retention sessions. The results of these

comparisons can be seen in Table 7.

Although the use of new conjugate pairings appeared to

have little effect on RT or on the FE, the vertical present-

ation of the stimuli increased RT significantly (t/^)" ^»99,

p < .01) while causing no reliable change in the size of the

FE • For Session 19 , no significant difference in overall RT

was found. However , the advantage of trigrams in familiar

positions over trigrams in unfamiliar positions was 58 msec

smaller than the pro j ected Session 1 7 familiarity effect , and

this difference was marginally significant by a two-tailed

t-test (t*2jss 3.10, p < .10). The obtained decrease in the

familiarity effect was expected for this session since only

half of each string was familiar. The important result of

session 19 is that letter strings with familiar trigrams in



-49-

Table 6

Comparison of transfer and retention session RT

with mean RT for Sessions 13-16
•

riean K l ror Sessions 13—16 = 1156 msec

Spqsi on 11- mean RT
mean RT for
Sessions 13-16

P

( two-tailed

)

17 1257 101 1.20

18 1536 379 5.99 < .01

19 1300 144 1.47

20 1141 -15 0.29

22 1177 21 0.32

23 1207 51 0. 73

Table 7

Comparison of transfer and retention session FE

wi th pro j ected FE for Session 1

7

Pro j ec ted FE for Session 17 = 161 msec

P
Session # mean FE Pro J ected FE-

( 3 ) ( two-tailed)mean FE

17 150 111 0.43

18 114 47 1.35

19 103 58 3.10 p < .10

20 201 -40 2.84 p < .10

22 201 -40 0.76

23 158 3 0.06
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fami liar positions were matched faster than those wi th fam-

iliar trigrams in unfamiliar positions (Fj-j 22,10, p <

.025). The serial position curves for DIFFERENT responses

for Sessions 17-19 can be seen in Figure 10. Since each

point of a serial position curve for one day represents

relatively few RTs (< 60), the functions displayed in Figure

10 are probably not very reliable.

The increased FE (marginally significant , ^
( 3 )

= 2.84,

p < . 10 ) on Session 20 could indicate that visual experience

with the repeated stimuli during the transfer tasks served to

decrease their matching time even further. The fact that the

advantage of repeated strings did not decrease significantly

on sessions 2 2 and 2 3 suggests that the effects of stimulus

repetition during the training period were relatively long-

lasting. Also, since Sessions 22 and 23 consisted of both

mixed and separated blocks of repeated and nonrepeated strings,

the effect of type of trial block on the FE was able to be assess-

ed . The mean Fl*J for the mixed blocks was 9 msec larger than

that in the separated blocks. This di f ference was not signi-

ficant (t
(3)

= .38, p >.40).
7

The results of the probe recognition task ( session 21

)

were clouded because (1) the stimulus durations used were

probably excessive, and because (2) two Ss were shown repeated

and nonrepeated letter strings in separate blocks, while the

other two Ss were shown blocks of mixed repeated and nonre-

peated stimuli. The blocking procedures was changed after the
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first two Ss were run because it was clear that a within-

session increase in accuracy due to pr actice was the over-

riding factor in the results. The percentage correct for

repeated and nonrepeated strings for each letter position

probed can be seen in Table 8. Also in Table 8 are the re-

sults of an ANOVA performed on the arc sine transformation of

the data. Although the effect of letter string familiarity

was not significant , it is interesting that the letter posi-

tion curves have a shape similar to those obtained from the

matching task. Also, whatever familiarity effects there are,

occur mainly in positions 4 through 6

•

The results of the forced choice recognition task and

the specific confusion errors made can be seen in Table 9.

It is interesting that after 16 sessions of many repetitions

per session, not one S_ could recognize all six of the repeated

letter strings . Although , on the average , detractors had

three letters in common with a repeated string, five out of

the seven incorrect responses had four or five letters in

common with the correct letter string. This result suggests

that at least some perceptual information had been stored even

on the strings which were not correctly recognized.

SHORT-TERM REPETITION EFFECTS

Since every trial block in the study (except for the

mixed blocks) was generated from a set of only six prototypes,

there were many stimulus repetitions during a trial block. To

assess the effect of within-block repetition, the RTs of non-
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Table 8

Results of probe recognition task (Session 21)

(a) Percentage . correct for repeated and nonrepeated strings

Probed Position

1 2 3 4 5 6 Mean

Repeated 93 84 84 70 74 73 79

Nonrepeated 95 84 88 65 56 70 77

Mean 94 84 86 67 65 72 78

(b) ANOVA on arc sine transformation of percentage correct

Source of vari ance

F ( famili ar i ty

)

P (position

)

F x P

degrees of
freedom

1,3

5,15

5,15

F

2.62

9.22

< 1

< .001

Sub j ect

LT

DK

SB

L0

Table 9

Results of forced-choice recognition task

Confusion ErrorRepeated String

KDNBFJ

DFKBJN
NJGMFP

JDBFNK
LBCKHP

GDMLHC
JHLMDB

NKDFJN

GDHMNF
FNMCPG

NDKFCB
G-KJPLH

BPNJMP
FMJPBN

Number of
letters in

common

athe second "N" was a typographical error
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differing pairs of letter strings were grouped according to

how many times the pair was repeated within a session and the

ordinal distance of the repeated pair from the most recently

occurring identical pair* The relationship of matching tirre

to wi thin-block stimulus repetition is il lustrated in Figure

11. There is a small (14 msec) advantage of second repeti-

tions (i.e., third appearance of a stimulus in a trial block

)

over first repetitions (Fq
^

)

= 16.77, p< .05), an effect of

repeating a stimulus within five trial s of another ( F
^ 5 )

=

5.79, p < .005), but there is no significant interaction of

the two effects (F < 1). The fact that RT continues to in-

crease with increasing separation of the two repeated stimuli

suggests that although the repetition effect is short-lived

,

it is more than response facilitation caused by immediate

repetition • The RT advantage of second over first repeti-

tions is 22 msec smaller for repeated than for nonrepeated

strings (Fq 102.78, p < .005). The effect of a repeti-

tion within the succeeding five trials is also smaller (64

msec) for repeated than nonrepeated stimuli (F^g 3.80,

p < .025).

ERROR RATES

The error rates (over all RT sessions) for each S_ for

each response type are displayed in Table 10. An ANOVA per-

formed on the arsine transformation of the error rates of

each S in each condition indicated that significantly more

errors were made on differing stimuli than on letter string
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Table 10

Overall error rates (in %)

% of identical stimuli % of differing stimuli
Sub j ect incorrectly classified incorrectly classified Mean

as DIFFERENT as SAME

LT 1.87 5.52 3. 70

DK 2.46 4.69 3.58

SB 1.00 3.15 2.07

LQ 0.93 6.20 3.57

Mean 1.56 4.89 3.23
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pairs which were identical (F^
3 ^= 24.17, p < .025).

DISCUSSION

The significant 5 ncrease in the RT advantage of repeated

strinqs indicates that some perceptual learn inq of the re-

peated 1 otter st r inqs occurred during the tra i ninq sess i ons.

Further, the observation that most of this advantage war, re-

tained when tested almost two months after the last train inq

session is further evidence that the long-term repetition of

specific letter strings causes a relatively permanent adapta-

tion to those stimuli

.

That such a decrease in matching time could occur in re-

peated letter strings whose acoustic representations are no

smaller than those of nonrepeated strinqs (since the acoustic

representations would be six letter names in both cases)

strongly suggests that the advantage of word:; over nonwords

in a perceptual comparison task is not due to the matching of

the words 1 smaller acoustic representations. However , the pre-

sent study cannot rule out the possibility that, while acoustic

representations of equal size are matched ,
repeated perception

of a stimulus allows its acoustic representation to be formed

more rapidly. Smith & Spoehr ( 19 74 ) have proposed that the

increased speed of acoustic code formation for words is respon-

sible for their performance advantage over nonwords. Baron

(1974) demonstrated that visually differing words can be

matched on the basis of sound more rapidly than pronounceable
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nonwords , thus indicating that when the acoustic representa-

tion i£ used, it can be accessed more rapidly for familiar

letter strings. However , there is at least anecdotal evi-

dence that , in the present study , acoustic representations

were not used to match the letter strings. On the open-ended

subject feedback form given each S_ after Session 20, one S

(SB) wrote:

"This effort to consciously know the different
letters was slowing my reaction time so I started to
sing or think of something else to take my mind off
the experiment. I had some great monologue conversa-
tions and my reaction time improved because I was
simply reacting to the whole letter chain ..."

Thus, it appears that at least one S_ was not matching acoustic

representations in this task.

The close agreement of the predicted advantage of re-

peated strings on Session 17 with the 150 msec familiarity

effect actual ly obtained in the new conjugates task is strong

evidence that the RT advantage gained by experience with the

repeated letter strings did not al ter processing in only the

comparison stage. The stimulus encoding processes must also

have been affected

•

Further, the results of the forced-choice recognition

test given after Session 16 suggests that the information

stored from the repeated perception of specif ic letter strings

was not of the form which is available to willful retrieval.

Several S^s remarked that if the recognition items had been

presented on the display scope rather than typed on a page,
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the:ir performance would have been much hotter. This "stimulus

bound 11 nature of the stored information corresponds to the

common observation that many people who cannot recall the

correct spelling of a word can recognize the correctness or

incorrectness of the spelling when they see the word. It

seems that, for certain types of information, the perceptual

system knows more about a word than does verbal long-term

memory.

Thus, repeated visual experience with a particular letter

s tr i ng al lows the storage of speci fie Information abou t that

string which facilitates its perceptual encoding. This result

apparently contradicts Baron & Thurston's (1973) and Baron's

( 19 74 ) finding that pronounceable nonwords (which are novel

visual stimuli ) can be perceived as rapidly as words (which

have been seen many times ) . It al so seems to contradict

Broadbent's (1967) conclusion that there are no perceptual

differences between frequently experienced words and rarely

occurring ones. However, a contradiction exists only if one

assumes that the perceptual facilitation to repeated strings

of consonants demonstrated in the present study would also

occur for common words similarly repeated. The interaction

between the short-term effects of repetition found in this

study with the more permanent repetition effects raises ques-

tions about the validity of such an assumption. The inter-

action itself indicates that both forms of repetitions act on

the same perceptual processes. The nature of the interaction,
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that the short-term effects were smaller for strings which

had been subject to more long-term repetition, suggests that

the effects of repetition are reduced for stimuli which are

already very familiar. On the other hand-, Krueqer ( 1 9 70b)

found no reliable differences in the effect of short-term

repetition on search time through word and nonword displays.

In general , the nature of the relationship between long- and

short-term repetition effects is as yet unclear, and is. an

important area for future investigation.

Several studies (Gibson, Bishop, Schif f , & Smith , 1964

;

Egeth & Blecker, 1971; Henderson, 1974) have provided evi-

dence that acronyms as wel 1 as words can be perceived more

rapidly than random letter strings . Since acronyms rarely

conform to the. general rules of English orthography , their

perceptual advantage must have been caused by long-term visual

experience with those specific letter strings . The results

of the present study are in strong agreement with this con-

clusion.

Several aspects of the present data provide clues as to

what specific information is taken from repeated experience

with a letter string which allows it to be matched more

rapidly. Three lines of evidence indicate that information

about visual features larger than single letters (e.g., shape

information) did not play an important role in the perceptual

learning of the letter strings. The first piece of evidence

is that despite the large increase in RT caused by presenting
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the letter strings vertically, there was no significant de-

crease in the familiarity effect when the between-] etter

features were altered in this way. However, there was a 48

msec decrease in the familiarity effect, and it could be

argued that the present study lacked the statistical power

to detect this reasonably large decrease. This criticism is

supported by the results of an earlier study (Schindler, Well,

& Pollatsek, 1973) in which the decrease in the WSE due to

vertical presentation was found to be approximately 60 msec.

However , in neither that study nor the present one , were Ss

•

expectancies taken into account. It is possible that the re-

duced advantage of vertically presented familiar letter strings

was due to S_ not realizing that the vertically presented string

was indeed familiar (cf . ,
Schindler, Well, & Pollatsek, 1974).

The second line of evidence against the importance of

between-letter features in learning to see repeated strings

is that the presence of a specific letter context failed to

significantly al ter the relative discriminability of the mem-

bers of a conjugate pair. This change in relative discrimin-

ability would be probable if perceptual learning caused larger

visual features to be used in place of the features of indivi-

dual letters ; in general the discriminability of any two sets

of letter features should not be the same as that of two sets

of features which span single letters . However
,
again , al-

though the correlation of pair discriminability in repeated

and nonrepeated strings was large, it could be argued that a
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more powerful study could detect some effects of constant

context on letter pair discriminabili ty

.

The third line of evidence against the importance of

between-letter features in the repeated str inq advantage is

that the serial position curves for the DIFFERENT responses

indicated that S_s scanned the letter strings in a left-to-

8
right fashion . If between-letter features were used , those

features could not have been much larger than single letters

and still be consistent with the data suggesting a serial

self-terminating scan* However, as mentioned above, the

serial position data are also consistent with a two-process

matching strategy where some of the matches ( especial ly those

where the difference occurs at the first or last position

)

are made without scanning the letter string. Although be-

tween-letter features could very well have been used in this

"wholistic" process , it is unlikely that those features were

involved in the perceptual learning. The lack of a f ami 1 iarity

effect at position 1 suggests that position 1 matches in the

repeated strings were made using the same kinds of features

used in making position 1 matches in nonrepeated strings

.

Since many of the position 1 matches were presumably made by

the wholistic process , it is unlikely that the features used

by the wholistic process were characteristic of only the per-

ceptually learned letter strings

.

If It is unlikely that the use of features larger than

single letters was responsible for the perceptual learning of
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the repeated letter strings , then specific information con-

cerninq the order of letters, or of features smaller than

letters, must have been stored. The sets of repeated strings

were constructed so that knowing any one letter and its posi-

tion in a string predicted with high probability of all of

the letters in that repeated string. However, the failure

to find a significant familiarity effect for matches where

the difference occurred at the first or second positions sug-

gests that not all of the redundancy present in the repeated

strings was used. If it is assumed that S_s scanned the dis-

play from left-to-right, then the data suggest that the pre-

dictability of the repeated strings was not used perceptually

until the third position. In other words, Ss were unable to

use information about which letter would follow the first

,

but knowing the first two letters, specific information f ac-

'

ilitated their perception of the third. This tentative con-

clusion is in agreement with the finding of Co leg ate &

Erik sen (19 72) that learned trigrams in which the f i rst two

letters predicted the third could be more accurately reported

from a brief exposure than could trigrams in which the first

letter predicted the second

.

The results of the transfer task on Session 19 indicate

that not only sequential information , but also specific

information about the relative position in the string of

the letters (or the wi thin-letter features ) was used to fac-

ilitate perception of the repeated strings. Kolers (1970)
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proposed the existence of a separate mechanism responsible

for ordering the perceived elements of a stimulus. Gibson

(1969, p. 143) reported research which implies that an early

stage of perceptual learning involves storing information

about which elements occur together, and a later stage in-

volves the storage of information about the position of the

elements in the group. If there are indeed such stages of

perceptual learning , then it could be that the confusion er-

rors made by three of the Ss in the forced-choice recognition

test reflect incomplete perceptual learning of one or two of

the repeated strings.

The present view that sequential probability and relative

position information is stored in the perceptual learning of

letter strings is very close to the spel ling pattern hypothe-

sis advanced by Gibson ( 1969 ) . However , while Gibson was mute

on the issue of the generality of the rules governing the

clustering of letters and the legal position of the clusters

,

the present study indicates that sequential and positional

information which is specific to a single letter string can

be stored, and such information can be used to speed the per-

ception of that string.

A persistent problem in word perception involves how

stored information about familiar letter strings is retrieved

(Smith & Spoehr (1974) have termed this "the parsing problem").

Since stored perceptual information must be retrieved before

the relevant stimulus is fully perceived , there are only two
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general possibd lities for retrieval. The f i rst Ls that the

context in which the stimulus is embedded provides the cues

for the retrieval of stored perceptual information. In other

words, contextual cues may bias the perceptual system to

"expect" stimuli from a certain group, and therefore, a stim-

ulus from that group would be seen faster. The other possi-

bility is that the parts of the stimulus which are perceived

first serve as cues for the retrieval of stored information

which can facilitate perception of the remainder of that

stimulus^ Smith & Spoehr's (1974) Vocalic Center Group model

of word perception could be considered an example of the con-

textual cues position since it is the knowledge that letter

strings are going to be presented which enables the accessing

of the "parsing rules" • On the other hand
,
Krueger ' s (19 73)

Schematic Processor model represents ' the view that it is the

first-perceived parts of the stimulus which serve as the per-

ceptual retrieval cues. Although both kinds of cues may be

used, the present failure to find an effect of string famil-

iarity on the perception of the first two positions of a six-

letter string suggest that cues from the first-perceived parts'

of the stimulus may be more important than contextual ones for

the retrieval of stored perceptual information.

Thus, a description of the perceptual processing of a

letter string can be constructed from the present data. Al-

though there are other models which are also consistent with

the data , the one presented could be considered a summary of
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findings, and serves to illustrate the issues which are most

in need of further study

•

When a letter string is presented
,

S_ attends first to

the leftmost visual features. The identification of the first

two letters leads to the accessing of information concerning

which letters will most probably occur in the third position

if the already perceived letters are in positions 1 and 2.

The perceptual system tests first for the features of the

most probable third letter , so if it is actually there , it

is identified very rapidly. The identification of the third

letter may then access information about which fourth letter

i s most likely to follow the previous three letters . However

,

fifth and sixth order letter probabilities are not stored.

Instead , information is stored concerning which letters are

most likely to follow the last three seen conditional upon

those letters being in positions 2-4 (or 3-5 ) of a six-letter

string. The retrieval of such position-dependent letter

cluster information thus is capable of speeding the percep-

tion of the fifth and sixth letters of the string

.
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Footnotes

1. Several authors (e.g. , Smith & Spoehr, 1974; Ruben-

stein , Lewis , & Rubenstein , 19 71; Meyer , Schvaneveldt , &

Ruddy , 1974 ) have proposed that acoustic encoding of a vis-

ually presented letter string is necessary for it to be per-

ceived. However, the studies of Rubenstein et al. and Meyer

et al. did not require that 55 match the visual features of a

pair of letter strings, but rather required S_ to decide

v/hether or not a letter string was a word. Since it is

probable that the stimulus encoding process depends on the

task , it is unclear whether the conclusions drawn from lexi-

cal decision tasks can be generalized to visual matching tasks.

2. In addition, Gibson (19 71) suggested that Krueger '

s

results may have been influenced by the fact that some of the

acoustically similar letters he used were also visually

similar (e.g., C and G, M and N).

3 . To check this assumption
, S_s were run in a probe

recognition task (see Reicher, 1969) on Session 21 of this

study.

4. This procedure of randomly assign ing condi tions to

the individual trials in a block resulted in there being an

unequal number of trial s used to compute the means for the

data analyses.
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5. In all RT analyses
,
only correct responses were

used. Also, 76 (.05%) correct RTs were discarded because

they were either under 300 msec or over 3000 msec.

6. Half of the Session 19 data were lost due to E_'s

error • The specific trial blocks which were lost can be

seen in Table 3.

7. There was al so no significant RT difference between

mixed and separated trial blocks ( t, ^y= 1.30, p > .20).

8. The presentation of the fixation point between the

third and fourth positions and the equating of the probabi-

lity of a difference appearing at any one position could not

have served to encourage Ss to use a left-to-right scan. It

is more likely that they simply found such a procedure to be

the most efficient for the task.



-75-

Appendices
Page

I. Instructions to subj ects • • • • • 76

II. Results of analysis of training session data
with half-sessions variable. 78

III. Mean RTs for training sessions 79

IV. Results of analysis of training session data
coll apsed over half- sessions 81

V. Mean RTs for DIFFERENT responses during training
sessions ••••••• • •• 8?

VI. Results of analysis of variance on DIFFERENT
RTs for training sessions ...83



-76-

Appendix I

Instructions to sub j ects

This experiment is designed to investigate the effects

of practice on the speed of visual perception. It is assumed

that the amount of time necessary to match two stimuli is

closely related to the amount of time it takes to perceive

them. Thus, by measuring how long you need to correctly judqe

whether or not two strings of letters are identical, we will

be able to estimate how long it takes you to see them.

When the word "READY? 11 appears on the oscil loscipe

screen
,
you should sit up

,
place your forefingers lightly

over the outer keys on the response console , and prepare

yourself to pay close attention to the screen • When you are

ready to begin , press any key.

Each trial will begin with the appearance of a " + " on

the screen. This will serve as a warning signal and will

tell you where to focus your gaze. Then two strings of let-

ters wil 1 appear simultaneously on the screen , in a horizontal

position with one string directly above the other . You must

determine, as quickly as you can, whether or not the two

strings of letters are identical or not. If the letter

strings are identical, press the left key; if they are not

identical
, press the right key.

Although the two strings of letters will remain on the

screen until you make a response , it is very important that

you make the correct response as quickly as you can.

All of the letter strings wil 1 be six letters long

•

When two strings differ
,
they will differ by only one letter.

It will be randomly decided whether a particular pair of

strings wil 1 be the same or different , but on the average

,

half of the pairs will differ and half will be the same.

After each correct response you make, your response time, in

milliseconds, will appear in the lower left-hand portion of

the screen. If you make an incorrect response, the word
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"ERROR" will appear on the screen and will remain there

until you preen the middle key. Thin will qive you the

opportunity to rest briefly and/or reorient yourself af ter

an error. If there are any problems during the experiment,

say something — you will be heard over the intercom.

The trials v/il 1 be grouped into blocks of 48. Some

of the trial blocks will use letter strinqs which have been

shown before , while other blocks will use new letter strings

*

On one day , the letter strings will be presented in ver tical

columns rather than in horizontal rows. Each trial block

will end when "END OF BLOCK" appears on the screen. At that

point, you may relax until the next "READY?" is displayed.

The experiment will continue for twenty consecutive

v/eekdays, and it is essential that you do not miss even one

day. Each session will begin with a short practice block

consisting of pairs of digit strinqs. Then you will receive

four trial blocks of the letter strings.

Al though we want you to make your responses as quickly

as you can , it is vital ly important that your responses are

tfr e correct ones. If you make more than a very occasional

error , then you are responding too quickly . But if you never

make any errors, then you are probably taking more time than

you absolutely require. - YOU SHOULD TAKE AS MUCH TIME AS YOU

NEED TO RESPOND CORRECTLY, BUT NO MORE.

Any questions?
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Appendix II

Results of analyses of training session

data v/ith half-sessions variable

Source of variance

Analysis of variance

D (session)

H (half-session)

R (response)

F (familiarity)

DxH

DxR

HxR

DxF

HxF

RxF

UxHxR

DxHxF

DxRxF

HxRxF

DxHxRxF

Linear trend analysis

D

Degrees of freedom

FxD, .

lin

lin
xD

RxD. .

lin
HxD .

lin
FxRxD,

.

lin
FxHxD,

.

lin
RxHxD

lin
FxRxHxD,

.

lin

15

1

1

1

15

15

1

15

1

1

15

15

15

1

15

1

1

1

1

1

1

1

1

45

3

3

3

45

45

3

45

3

3 .

45

45

45

3

45

3

3

3

3

3

3

3

3

f

1 6.08

3.37

8.50

76.22

1.82

1.08

< 1

1.54

< 1

48.75

< 1

1.48

< 1

34.14

< 1

219.85

10.91

8.49

3.99

2.76

< 1

< 1

< 1

< .001

< .005

< .01

.01

.001

.05
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Appendix III

Mean RTs for training sessions

(R = repeated , N == nonrepeated

)

Sub j ect Response Familiarity Day

1 2 3 /] —

>

R 14 75 14 72 1314

.

1300 J 183S -L «J

Same
N 1597 144 3 1 467 1421 1395

LT
R 1447 1397 1289 1327 1179

Different
N 1457 1340 1404 1310 1279

R 1192 1395 1341 1379 1125
Same

N 1287 1504 1596 1452 1365
DK

R 1126 1172 1127 1182 1155
Different

N 1101 1180 1218 1211 1056

r\ c. \J O J. 1 7^4 -L O W -7 lO / c 1 4 j D
C 3 IT) d

N 2159 1789 1794 1705 1619
SB

R 1639 1489 1278 1301 1082
Different

N 1589 1263 1294 1359 1284

R 1812 2075 1996 1851 1857
Same

N 1974 1985 1923 1765 189 7
LQ

R 1502 1640 1718 • 1586 1524
Different

N 1837 1824 1641 1582 1647
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Apnendix III (cont.

)

Day

6 7 8 9 10 11 12 13 14 15 16.

132 3 1145 1150 10 70 1078 857 102 3 914 953 866 831

1173 1354 1231 1214 1175 1130 1145 1165 1195 ] 177 999

1300 1086 1163 1075 1052 945 1103 899 966 831 884

1212 116 7 1160 1144 1135 1021 992 1066 1152 1006 885

12 20 1114 1021 1045 1013 728 80 7 709 79 7 916 863

13 70 1226 1240 1299 1116 970 949 888 1129 1240 10] 2

1071 1004 885 1017 917 798 740 711 751 885 820

1061 1045 900 1077 916 870 926 755 885 928 841

159 4 13 76 1512 1346 1519 1529 1428 1345 1359 ] 3 30 1410

1706 1590 1596 1713 1823 1584 1680 1542 1582 1532 1544

1236 1130 1098 997 1024 1054 1030 981 1101 1148 in]

13 30 1274 1131 1164 1158 1285 1217 1175 1230 1076 1139

1960 1579 1606 1581 1582 1501 1470 1450 1453 1463 1494

2136 1870 1753 1569 1611 1654 1600 1640 1676 1679 1630

1625 1594 1419 1553 1494 1359 1273 1382 1293 1343 1344

1684 1594 1293 1341 1517 1396 1324 1438 1419 1414 1257
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Appendix i V

Results of analysis of traininq session data' col lapsed

over half-sessions

Analysis of variance

Source of variance degrees of freedom F p

D (session 15,45 16. 67 < .001

k (response) 1,3 7 .93 -

F (familiarity) 1,3 66.08 < .00S

DxR 15,45 1.10

DxP 15,45 1 .97 < .05

RxP ] , 3 40.45 < .01

DxRxF 15,45 < 1

Li near frond analysis

D, . 1 , 3 1 89.98 < .001
1 in '

FxD
ljn 1,3 .

17.06 < .0 L
.

Rx D . 1 ,3 8.85 •
-

FxRxD. . 1,3 2.41lin '
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Appendix VI

Results of analysis of variance on DIFFERENT

RTs for training sessions

Source of variance degrees of freedom F p

D ( so s si on) 1 , 3 ! 0 5 . 2 0 < . 005

II ( h a 1 f—sess ion ) 1 , 3 4 . 99

F ( f ami 1 i ar i ty) 3 , 3 464.96 < .00]

P ( r.o c; "l "h ~i nn
i \ [

•w .J -L L. ' I 1
r\ -F Hi f fpronrp 5 IS < 001

DxH 1,3 3.30

DxF 1,3 1. 79

HxF 1,3 1.93

DxP 5,15 3.22 < .05

HxP 5,15 3.35 < .05

FxP 5,15 5.63 < .005

DxHxF 1,3 4.29

DxHxP 5,15 1.00

OxFxP 5,15 1.41

HxFxP 5,15 < 1

DxHxFxP 5,15 < 1






