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CHAPTER ONE 

INTROOUCTIO 

The problems dealt with in this thesis rose from the findings 

of an earlier experiment by Newbigging and Hay (1962) . That experi-

ent involved the tachistoscopic recognition of nine different lists 

of words by nine groups of subjects . Each list was made up of words 

or one of three frequencies of occurrence (5o+/l,OOO,OOO, 1/1,000,000, 

or 1/3,600,000)1, and one of three length~ (4, 7 or 10 letters). For 

example, one list contained four-letter words which occurred fifty or 

more times per million words, while another list consisted of seven-

letter words which h d a frequency of occurrence of once in every 

3. 6 million words. 'ftle results indica ted that th decrement in 

recognition thresholds with practice w function of both word 

frequency and word length, with the Rreat t decrement being shown 

for the most infrequent and longest words . 

In addition, evidence was pregc t. w~ich suggested that the 

practice effect was a function of an e sing response probability 

for the specific fr quenoy of occurrence of the words in the list. 

This evidence was obtained by a comparison of the similarity between 

the response given immediately prior to correct recognition of the 

stimulus word (RT-1) and the timulus word itself. In this instance, 

1. Frequency estimates were taken from the Thorndike-Lor e 
(1944) word count . 
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an ir.dex ot similarity wa computed by eounting one point for each letter 

in the RT...J. response which w: a the same as a letter in the stimulus 

vord, ani to this total adding an extr point tor each pair of letters 

which were correct, adjacent m 1n the right ord.er. The index ot 

similarity obtained in this way wa found to decrease with increasing 

practice in recogni tion ot words in the list . 

AasUJling this index to be an eetima te or the ei ze or tragment 

required tor correct identitieation o! the wo , that the smaller 

the required tra nt the higher the response probability of the word, 

it was suggested that the deoJOement in s1milarity over ords coul4 be 

indicative ot an incre sins re pons probability or the particular tre

quency class ot tbe wo.rds in the list. This argt.Went assumed that the 

ditterence between the sise of the fragment perceived at the exposure 

duration associated with RT-l and that per-ceived at the next longer 

exposure which resulted in the recognition ot th word (RT) remained 

constant tor all r4e in the series; that is, it on th first word five 

letters were perceived at RT-1 and ai.x letters at R'l', then the ditter

enoe between the p rce1ved tragmonts which elicited these sam.e r sponsea 

tor aubaequ t worda in the l1 t would continue to be one letter. ince 

it is impossible to determine the sise <:>r th fragment perceived at RT, 

this bein& inevitably the correct response, this assumption ~ in-

correct. It therefore • ed advisable to ke a more direct teat of 

th r sponae probability interpretation of th practice effect 1n ta.chie

to copic word recognition. 'lbe first experiment in th ' eries or tive 

reported in this thesis as designed for this purpose. 

The . cond, third, and fourth experiments tested the effects 



ot transfer of training on tachi toscopic word recognition. There is 

very little information in the literature concerning the transfer effect in 

word recognition, although it has occupied a prominent position in verbal 

learning. Nevertheless, two studies do suggest that transfer of training 

might be an important factor in the word recogn:i:tion task. These are an 

experiment by Howes and Solomon (1951) which indicated that positive 

transfer played a part in the observed decrement in thresholds when a 

list or words or mixed frequencies were present for recognition, and 

an experiment by Postman and Leytham (1951) which de onstrated negative 

transfer when nouns were pre ented following the recognition or a series 

ot adjectives . Since both these results were only incidentally noted 

in the two studies , they cannot be considered crucial tests or the 

transfer phenomenon and & more detailed study is required . For this 

reason., Experiment 2 tested the influence or three different typ of 

pre- training, that is high frequency words, numbers,and tachistoscopic 

adaptation, on the ubsequent tachistoscopic recognition of infrequent 

words . Experiment 3 was designed to investigate the effects of three 

different levels or tachistoscopic training with high frequency-words on 

the recognition of low frequency words . Experiment 4 was concerned with 

how much positive transfer would occur to the tachistoscopic recognition 

of infrequent words , when pre- training with low frequency words was given 

outside the tachi toscopic situation. 

The fifth , and final, experiment tested an hypothesis suggested 

by the preceding experiments; that is , that learning to fixate immediately 

prior to the pre entation or the stimulus word is an important deter-



minant ofword recognition . 

It should be pointed out that, in view of the lack of well

established data in this area, these experiments were necessarily of an 

exploratory nature . However, the amount of research on tachistoscopic 

word recognition is considerable and diverse, a -will become evident 

from the historical review to be presented in the next chapter . 

4 



CHAPTm TWO 

HISTORICAL REVIEW 

The expertments described 1n subse uent chapters or this thesis 

tall into the general area of perceptual learning. It would seem 

ppropriate, therefore, to attempt a broad definition or perceptual 

learning before proceeding with a summary of the studies which t orm the 

background tor this re earch, and to d cribe the nner in which tachis

toscopic word recognition exemplifies a method of st~ this topic . 

ecently two prominent authors in the field have offered different def

initions which reflect to a considerable degree their individual approach

es to perceptual learning. Eleanor Gibson (196.3) defines perceptual learn

ing as "any relatively terma.nent and consi tent change in the rception 

ol a stimulus array, following practice or experience with this array" 

(p . 29) . Postman (1955), on the other hand, is much more explicit when 

he defines perceptual learning as "change in stimulus- response relation

ships under controlled condition of practice" (p. 440) . Attention is 

directed particularly to the discrepancy in the term used by these two 

author to describe the important variables in the operation ot percept

ual change. For example, in Gibson' definition how can one measure 

11a change in the perception ot the timulus array"? This change can only 

b interred from the re ponse an individual gives to the stimulus 

object. Thus, both definitions are ultimately reduced to the same terms, 

that is changes in the stimulus-response relation hip. Because of the 

5 



clarity and specificity ot Postman's definition, future references to 

perceptual learning will i.mplJ' this type of change. 
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The recognition ot words, projected in a tachistoscope, has been 

one ot the popular thods ot studying perceptual learning. The tachis

toscope, an instrument first used by Cattell in .1885 (Woodworth, 1938), 

permits the presentation or stimuli under controlled conditions of 

expo ure time and illumination. A measure of the threshold or recogni

tion or a stimulus is obtained by ayst ticall1 varying one ot these 

dimensions, while holdin the other one constant . The typical procedure 

is to present the stimulus initiall1 at a level well below that required 

!or recognition, and then to increase either the exposure time or the 

brightness level in discrete steps until correct recognition has occurred. 

In addition to the data given by the recognition threshold measure , the 

responses given to each exposure of the et ulu ovide the experimenter 

with a rough estimat of the ount ot information perceived by the sub

ject at successive levels o! stimulation. These experimental operations 

permit an accurate asure o! recognition thresholds, which in turn allow 

inferences to be made concerning the nature of perceptual learning. 

Since the experiments carried out in thi research are solely 

concerned with tachistoscopic recognition, a review ot the lit rature of 

th area will be dealt with full.7 in this chapter. First , however, an 

att pt will be e to briefly characterize the historical background 

o! the !ield, and to indicate the directions ot cont porary research. 
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The Ar a o£ Perceptual Learning 

Although perceptual learning ha only rec ntly been recognized 

as a distinctive area 1n paychologr, sp culation about perceptual exper

ience aa a learning proc ea can be traced back to Locke, lrdlo propoeed 

that individuals learned to form their p rceptual world through the 

association ot aen ocy el nt • This notion, of cour , was simply one 

aspect ot the long-debated queet.ion ot nativi versus piriciem. The 

nativists (tor example, Descartes, Hering and Kant) ass that the 

a nsory or ani tion ot th external world was a 'giv n • to an individual 

at bil"th; chanaes occurred as new experiemes cl v lop , but t e hard 

cor r in the e . 'i'h empiricists (tor example, Lock , Berkely, 

Hume and J. B. Mill) argued that the mind was a 'blank • in th b ginning 

and it was ·onl.¥ through the experiencing of things and events that know-

ledge was obtained. 

tew cont rar,y psychologists accept a completely nativistic vie~int . 

Qte ot the t1r t irical t at investigating th notion that 

J)4troeptions e le rnecl waa perform c.t by Santord in 18881• his author 

report t t practice in viewing a aeries ot letter incr as the 

visual acuity o£ hia subjects . From that time until the present, a 

voluminous literature h a accrued d onatrating the ttecte ot learning 
' 

on v ious types o£ perc ptual processes . Since tb are cover by 

this topic is alaoat as extensive as the concept of perc ption itself, 

it i eyond tho scope of the esont ch pter to att pt a c plete 

review of the liter turo . The reader is r eterred to books by .oodworth 

(1938), Boring ( 1942), ancl ~ioodworth and Schlosberg (19.54 ) , as well as 

1 . See Woodworth (1938) . 
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articles by Gib on (195.3) and ons (195.3) for a summary of t he major 

tudies covering the period until 1952. 

With the a signment of a separate chapter in the 1960 volume or 

the Annual eview of Psychology 1 perceptual learning attained the status 

of a major area of research in psychology. In his chapter, Drever (1960) 

ummarised the research of the previous decade . The ore recent liter

ature on perceptual learning has been covered in comprehensive reviews 

by Gib on (196.3) and Postman (196.3) . 

A perusal of the afore entioned. publications indicates that 

perceptual learning can be divided into two well efined, though over

lapping, area.e on the basis of the approach used to study the phenomena. 

The first approach deals with the development and modifications of 

perceptual processes during the life history of the individual . Typical 

experimental designs employed in this approach include (a) comJB,ri sons 

ot perceptual development at different ge levels , (b) sensory depri

vation experiments , and (e) studies or extra- stimulation (Deinber, 1960) . 

'lhe second approach is concerned with repeated experience of stimulus 

patterns during a limited time span. Here, perceptual changes are · 

observed by comparing core t ken before and after practice, cr b7 

repeated measurements taken during a p citic practice period. Our main 

concern will be with studies using the econd approach, although it is 

obvious that the pa t experience of an individual enters into all per

ception and therefore it cannot be ntirel7 excluded from consideration. 

A further restriction on the scope of this Historical Review 

1 · neces ary since a large number of studies subsumed under the second 
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ap~roaeh are irrelevant to this research. These include experiments on 

visual acuity, perceptual constancies, and illusions. These topics have 

already been summarized elsewhere, and the general conclusion is that 

perceptual judgments and discriminations of these types improve with 

practice (see Gibson, 1953; Brunawik, 1955, 1956; Ittelson, 1951, 1962) . 

Consequently, the studies chosen tor report in this chapter are 

limited to those involving the tachistoscopic recognition of words, 

letters and num~rs, and to the effects of practice on the identification 

ot such stimuli. Attention will first be given to a rew notable studies 

which laid the foundation tor the later research on tachistoscopic word 

recognition. Following this, a summary ot the more important contempor

ary experiments in this area will be presented . 

Ear].y Studies 

A proble of considerable interest to experimenters during the 

last quarter of the nineteenth centU17' concerned the relationship between 

eye movements and reading ability. In studying this question, Javal1 

(1S7S) noted that two definite receptor processes took place during the 

course ot reading a line of print . He described the first as the quick, 

saccadic movements of the eyes from word to word, and the second as 

fixation pauses interv~ning between these movements . Some twenty years 

later, FNmann and Dodge (lS9S) reported that it wns only during the 

actual fixation pauses that information was received about the stimulus 

1 . The review of experiments in this section is mainly taken from 
Woodworth {19.)S) ~ Chapters XXIII and XXVIII, and Woodworth and 
Schlosberg (1954J, Chapters 5 and 17. 
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and that only a blur appeared during mvvement of the eyes (Tinker, 19.31; 

Jasper and Walker, 1931; and Clark, 19.34, have since confil•he is, 

using ore refined instruments) . Follo ng this discovery, Erdmann and 

Dodge (1898) suggested that each fixation pause in reading might be 

considered equivalent to one brief exposure ot s~imuli in the t chis

toscope . Thus, this instrument was established as a tool tor studying 

various facets of word recognition and reading behaviour . 

Prior to the suggestion by Erdmann and Dodge (1898) , Cattell 

(1885, 1886) had employed a tachistoscope to determine it word were 

recognized more readily than nonsense syllables . Cattell found that two 

short words could be identified at the same exposure duration s could 

three to four unconnected letters . He suggested that it was the 'total 

word picture ' which permitted meaningful material to be r cognized 

easier than mere letters. Pillsbury, ·n 1897, attributed a similar 

finding to the ' general shape of the word ', including its length and 

the dominant letters. Both thee findings , that it is the ' total word 

picture' and the 1 general shape ot the ord 1 th t are important , imply 

that an individual ' s familiarity with stimulus is a major factor in 

its recognition . 

In an ingenious experiment, Wilkins (1917) specifically invest-

igated the influence of familiarity on the recognition of word stimuli . 

\vilkins presented a series of phrases to subjects for exposure durations 

varying between 50 and 100 milliseconds . The phrase were presented in 

the following manner: ashout at ' and talder . The experimenter found 
Irvington powcum 

that there was a significant tendency for subjects to respond to these 
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two phrases with "\;ashington Irving" and ~ttalcum powdern, respectively. 

Wilkins interpreted his results as indicative of the influence of fam

iliarity in determining the recognition of words at short exposure times . 

Another !actor shown to be important in word recognition was the 

position of the letters in a word. A study by Y.Jagner (1918) indicated 

that the first and last letters of a word were recognized more frequently 

than were the intermediate letters ; further, when the middle letters 

were recognized, they did not al~s include those in th immediate 

fixation area, but tended to cover the entire stimulus field . 

Thus , these early experimenters demonstrated the importance of 

familiarity, along with a number of stimulus variables in the determin

ation of word recognition. At the same time, other investigators were 

studying the relationship between certain characteristics of the eye 

and the recognition of words presented tachistoscopically. For example, 

Ruediger in 1907 studied the distance from fixation at which a letter 

could be recognized. He found that a letter could be placed as far as 

from twelve to !'1tteen letters from the fixation point and still be 

identified . HamUton {1907) reported , on the other hand, that when words 

were presented closer to fixation, a number of the letters in the wor 

were frequently misperceived . The misperceptions, however , were 

usuall.y similar 1n structure to the stimulus word; for example, 'there ' 

might be reported as 'these' . An experiment by Korte (192.3) in-

dicated that capital letters could be recognized at greater distances 

from fixation than could lower cas letters , and that both types 

ot single letters could be read further from fixation than could 



words. Further, Korte found that the longer the word, the closer it 

must be to the fixation point to be recognized. 
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>ore recently, Woodrow (1938) repeated Ruediger's experiment 

using pairs of letters instead of only one, and varying the distance 

from fixation at which the letters were exposed. · His results indicated 

t at two letters could be reported correctly at considerably less dis

tance from fixation than a single letter. \'loodrow attributed this find

ing to a process of 'mutual inhibition', or masking of one letter by 

another, when more than one letter was exposed in indirect vision. 

Mutual inhibition could also account for the 1misperceptions' reported 

by Hamilton (1907), and for 1· gner' (1918) finding that the first and 

la t letters of a word were recognized sooner than were the middle letters . 

~ith first and last letters, masking would only occur on one side of the 

letter . 

It is evident that these arly studies not only contributed a 

well-controlled technique for measuring visual recognition thresholds , 

but they also suggested a number of var ' ables that deserved further 

examination. Included amongst these were such stimulus factors as 

length and structure of words, position of letter , and the variable of 

o familiarity. 'trangely enough, a long period of time was to elapse 

before further consideration was given to these variables . It was not · 

until the late 1940' s when attempts were made to demonstrate the influence 

of motivational and emotional variables ·on recognition thresholds that 

tachistoscopic word recognition once again became a popular area of 

research . In the following section we shall briefly summarize the two 



1.3 

studies which stimulated this interest, and then deal at greater length 

with the experiments which have demonstrated the major determinants of 

taehi toscopic word r cognition. 

Recent 5tud.ies 

The t irst of the two studies referred to above was by Bruner 

and Goodman (1947) and is described mainly because, a Prentice noted 

(1956, p. 29}, it initiated a good deal of the recent experimentation 

on perception. The e experiments attempted a "functional" analysis of 

perception described by entice (1956} as aa per onal and goal-directed 

reaction, responsive to needs and attitudes , subject to training by 

success and failure, and forming a part of the uniqueness of each 

inai vidual" ( 1956, p. 29) • Allport suggested the term "New Look" to 

characterize the study of the effect of motivational and emotional 

variable on the perceptual process . Previously, research in the area 

was largely ~oncerned with examining properties of the stimulus as 

determinants of perception . 

In the first of the "New Look" studies, Bruner and Goodman 

(1947) had two group of children estimate the sizes of coins of various 

d nominations; the children in one group came from wealthy homes, while 

those in the other group came from poor homes . The results showed that 

the poor children overe timated the sizes of the coins significantly 

more than did the wealthy children, with the amount of overestimation 

increasing with the value of the coin. Bruner and Goodman (1947} 

interpr eted these re ults as indicating that the subjective needs of 
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an individual influence to some extent his perception of objects . 

In addition, they s~ated that "soci lly valued object are uscept

ible to behavioral determinants in proportion to their value" (1947, 

p . 39.1 ) 

The second study, that by o t n, Bruner and cGinnie 

(1949), is of particular importance since the results reported led 

to the whol qu stion of word frequency a a determinant of recog-

nition t hreshold • This tudy in estig ted the relation between an 

individual's value orientation and his r cognition of words related 

to those value • An individual's value were determined by hi scores 

on the Allport-Vernon 3cale of Values (1946) . The prediction was 

that recognition thresholds for words relevant to a subject's dominant 

value area would be ignificantly lower than for words related to a 

les valued area. 'Ihe results upported this prediction; . that is, 

a significant inverse relation s found between valu cores and 

recognition thresholds. Postman !!.._..! (1948) concluded that an 

individual's value orientation elective~ influences his perception 

of words ( ' a al o Haigh and Fiske, 1952; V nderpla and Blake, 

1949; Adams and own, 1953; Brown and dams, 1954) . 

In addition to mea uring the recognition thresholds ot 

thewords , Po tman et 1 (1948) analyzed the responses given 

1 . It might be noted incidentally that the results obtained 
by Bruner and Goodman (1947) have proved difficult to 
reproduce (see Carter and chooler, 1949) . 
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1.mmed.iatel7 prior to correot recogniti on (that is, RT-1). 'their 

anal.7sis shot that valued. timulus words tend to elicit C(!V luant 

word as r apon , while low-Talu stimulus words tended to evoke 

ontr{lYal!J!P\ words an4 nonsen syllable • 1'ho authors propo ed 

two concepts to explain the e results. 'lbe first, aelectiv en

sit.isation, a . eated that. inti vidual tend to selectively perceive 

objects and words that are blport&nt to them. 1he a ond concept, 

perceptual defense, implied that i.ndi\1 l s teDi to defend th 

elves tro perceiYing words and objects that are threatenin,g to 

th • Th introduction of these two concepts 1::: ediatelT caught 

the imagination ot n erous psychologists, Who proceeded to t eat 

the relationship between these }Vpoth tical processes and various 

emotional and motivational timuli . 1b ae at\Jiie have al.r ciT 

been reVi b;y Jenkins (1957} , no turt.ber reference will be 

made to them here. 

At the a time, other pa c. log1ats were ext l.y 

critical ot t he ensiti tion and deter e concepts, and gan 

inveatipting other variables to account. tor the ditferential 

thre holds obael"'Ved in the Postman et 1 (1949) stm,-. These 

investigations are directly concerned. with the problems stooied 

in this thesis nd will be discuaaed. at length below. 

e tiret, and probably the t persistent critic1 ot 

th defense and e ne1tizat1on concepts app red 1n article b7 
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Howe and ~lemon {1950, 1951)1 and Solomon and How s (1951). In thi 

la t enti nod paper, the authors sugge t that the results of the 

OS !t. al (1943) experiment might be m rely rtifact of the 

differ ntial frequency of the words employed. I'hey repeated this 

study, using words equated tor frequency accord_ing to the 1b.orndike-

1. In these two article , Ho es and 3o1omon (1950, 1951) 
criticize a study by ~,cGinnies (1949) on perceptual detens • In this 
study, .cGinniea reported significantly r igher thresholds for taboo 
word than tor n utr 1 ones . In addition he found that the galvanic 
skin responses were greater for pre- reco ition responses to taboo 

rds . He interpreted these results 1n terms of a mechanism of defense, 
which operate below conscious awarenes , thus defending the subject 
f perceiving inimical timuli . (see also zarus and ~cCleary, 
1951; lcCleary and t..zarus . 1949) . 

This study was critized on two counts by Howes alXl Solo on 
(1950, 1951)' (1 ) the frequency ting ot th taboo words lower 
than that of the neutral ones; and {2) it was possible that the subject 
was reluctant to r peat taboo words to the experimenter, and therefore 
suppressed his responses untU he was sure he was correct . In support 
of their fir t criticism, wes and Solo n (1951) repeat the 
MeGinnie (1949) study with the frequency ot the two different types 
or word equat ; they tailed to find a difference in threshold . How
ever, cGinnies and Ad.orn tto (1952) found hi •her thresholds tor taboo 
word , even with the trequenc7 varia le controlled . It has been 
suggested that Wividuals differ 1n ::~ eir use or taboo words , and 
th e oppo ing results could be explained in term of different pop
ulations ot subjects . hith regard to the cond criticis 1 two line 
or evidence e• to tavor the respons suppression interpretation. 
First, subject have admitted th t they deliberately withh ld t eir 
reports ( Ginnios, 1949; ~owen an B ier , 1950, dhittaker, Gilchrist 
and iaher, 19.52). econdl;y, forewarning the subject ot taboo word 
resulted in in ignitieant differ nces in thre hold (Postman, Bronson 
and opper, 1953; Leoy, Lewinger and Adamson, l953J Fre n, 1954) . 
However,others h&v report higher thresholds for taboo words even 
with forewarning (Beier and Cowen, 1953; Cowen and Beier, 1954 and 
Cowen and britt, l9S3) . 'lhe opposing results or th se experiments 
have tailed to resolve the i. au s concerning the perceptual defense 
cone pt. 
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Lorge (1944) general word count. l '1'h orda were chosen so that an 

equal number of high tr quency and low frequency words were relevant 

to each of th value ar a. The result indicated that the ef£ at of 

frequency was highly significant, while the effect of values was insig-

niticant. H ver, there was a ignitieant interaction found between 

t e low frequency word and values, sugge ting that values were effect-

ive in reducing recognition thresholds when low frequency words were 

presented as sti uli. (see al o Postman and chneider, 1951) . Solomon 

and Howes (1951) attributed this interaction to the idiosyncratic 

frequency of usage or words by the individual. They argue that a 

person who is ke nly interested in a particular subject will read more 

material pertaining to th t subject, thus familiarizing himself with 

the vocabul ry. The authors conclude that lower thresholds tor high 

v lue words and higher thresholds for low value words can readily be 

explained in term of frequency ot past usage . This point has been 

hotly debated y psychologi ts who view perception from a functional 

1. 'lhe 'lhorndike Iorge ' rd Counts (1944) are the most co nl.y 
used word frequency r tings in tachistoscopic experiments . The book 
contains .30, 000 words, each listed with its frequency of occurrence per 
million words in written English . The estimates are based on the number 
of ·times each word wa used in a sample ot 4 . 5 ndllion words of tex , 
taken fro five .t o.vul r gazine publi hed between 192S and 19.39. The 
words range in frequency from very common {those occurring over 100 
times per million) to extr mely uncommon words (those occurring once in 
every four million} . The validity of these counts as estimates of 
frequency or usage of the words seems to be well-established for a 
population of undergr duate college students . Wispe and Dramberean 
(1953), Howes (l954A)and Zigl r and Yospe (1960) have all reported 
highly significant orrelation coefficient , ranging fro +. 7S to +.S8 
between students ' ratings and the Thorndike- Large estimates or a large 
n ber of 1«>rd • 



viewpoint on the one hand, (e.g• Adkin , 1956; Bruner, 1957a, 1957b; 

Jenkins, 1957} and by those ··ho u cribe to a stimulus-re ponse 

interpretation on the other hand (e.g. olomon and Po tman, 1952; 

Howes, 1954b;Goldiamond, 19$8 1 • Since this controversy is quite ir

relevant to the present research it will not be discussed further . 

e shall now turn our attention to an examination of certain of the 

variables which have been hewn to facilitate tachistoscopic word 

recognition. 

Stimulus Variables 

18 

Cattell (J ~6) anri his contemporaries pointed to a number of 

properties or the stimulus word itself which were cues to its r.c

ognition. But it was only with the renewed intere t in word recog

nition timulat by the functional pproach to th analysis of 

perception th t these variables were re- xamined . During the interim 

period, one significant change h d taken place in the method of pre

senting word stimuli . ~t'herea early xperimenters tended to type 

the words in lower ca e print, current investigators almost without 

exception print the stimulus word in capital letters. This modern 

ethod tends to de troy some of the structural features found when 

lower ca. e print is usee ; such as projections of letters above the 

line of print (1, f, t, etc . ) and the dot ov~r the letter 'i' . 

lthough capital letters do reduce some of the cues, the structure 

ot difterertt words cannot be entirely controlled by thi practice . 

For example, Howes and olomon (1951) observed that letters composed 
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of only few constant lines (I, J, 11 T) tended to have low recog

nition thresholds• whil those letters having a number of line ( 1 

N, , t) nd those bearing similarity to other letters (c. G, 0) 

tended to hav high thresholds. lhen word are used a stimuli, it 

i s im..po sible to equate their similaritr. However, ince most words 

of any 1 ngth are a heterogen ou mixture of letters, it would be 

expected that the variability introduced into the ata as a result of 

the shap~ of the letters would be minimal. 

Another a pect of word structure which clearly serves as a cue 

in recognition is that of length . McOinnies, · Comer nd I cey (1952) 

s udied the effect of this variable on tachistoscopic word recognition, 

varying both the length of the word and its frequency. Their results 

indicated th t recognition thresholds were a linear, increasing function 

of word length, and a linear, decreasing function of word frequency . 

That is , the longer the word the more difficult it was to recognize, 

and the higher the frequency of the word the asier it was to recognize . 

The authors also reported that longer ords elevated thresholds more in 

the case· ot infrequent words than with frequent words . Simil r find.· 

ings w re reported in a sub equent experiment by Newbigging nd Hay 

(1962) . 

Rosenzweig and Pos~~ (1958) investig ted the influ nee of word 

length on both visual and auditory threshold.sl, holding the word tre-

quenc:r variable constant . The visual test showed the recognition 

1. Auditory threshold are obtained by presenting the timulu 
in the presence of a white noise . The signal-to-noise ratio 
is then gradually increased, in discrete steps • until recog
nition occurs. 
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thresholds to be an 1QcretginB !unction or word 1 ngt.h, whlle the oppos

ite effect was d onstra.tecl in the auditory test, that is, recognition 

thresholds were a decreaoing function of word length 1n audition. There 

were two apects to th explanation suggested by the author tor the diff

erential effects oboerved with the two eense moclalitiee . Fir t, the dur

ation or stimulus expo~ture, a well-controlled factor in visual recognition, 

varied with the length ot the word in aural presentation; long words took 

longer to say than did ehort oneu. The tact that exposure duration was 

a direct function ot word length 1n aud1tor"7 recopition might U 

explain the differ ncee noted between the two eenee modalities. Second, 

Rosenzweig and Postman (1958) suggested that when long words were pre

sented aural.l7, there was 11: greater chance of the subject reoponding 

corr ctly when he perc ived only a fr ent of the word. This suggestion 

followed t an exaaination of the pre-recognition responses, which 

indicated that significantly mor complete words were given 1n the ud-

1toey teet , whUe mor nonsense syllabloo or mere let.tera were reported 

when words wore presented visuall)r. It appears, then, that the recog-

nition procees differs with the s nee modality loyed. ~1th auditory 

presentation, the tendency ia to guess a word when a fragment has be n 

perceived; with visual presentation th process appears to be 

analytic; that is the subject tend to respond with the letters he h a 

perceived, and then builds onto this tr nt with successive exposures 

{aee also Post and Rosenzweig, 1956) . The role or perceived trapenta 

in the correct identification ot tachistoscopicallY presented words 

will be the subj•ct ot more extend ~iscussion in a later aection. 
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Attention will now be iven to the variabl s ot eanin fulne a, 

frequency and recency. Th se riables are difficult to classi since 

they are obViously a function of both the timulu word and the indi vid-

ubject being tested. have, therefore , adopted ow'' (1961) 

term, ' stimulus- tied', to identit7 the v riables .described in the follow

in& section. 

Jtimulus- ti V riables 

The effect or word eaningtulness on tachistoscopic recognition 

thresholds has been investigated using va.riou• indices of meaningtul

ness . For example, Ha slerud and Clar k (1957) , alter obtaining the 

recognition thresholds tor a number ot inf.requent word , merelf asked 

their ubjects it they knew the eaning of each word . They reported 

that the recocnition thresholds were lower for words ot known m an1ng 

than tor those ot unknown eaning. 

Another m sure of eaningfulness is provided in a mantic 

Differential profile prepared by Jenkins, Russell and Suci (1960) . 

'ftlis table lists 360 word , which are r ted according to their conno

tative eaning on a n ber ot tic Differential Scales . Johnson, 

Tbomaon and e (l960) , selecting words which had been rated at t.he 

extre es or the good.-b d scale, tound that ' good • words had much lower 

recognition thresholds than ' bad ' words . This t1.nding s also obtained 

in a later stui;r by ewbi 1ng (196la) . 

Kristorterson (1957) ed Mobl ' s (1952) easure of eaning (m) 
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in a study which tested the effects of both meaningfulness and frequency 

on recognition thresholds . The m rating of word is the number of 

associations it evokes in a given riod of time . Kristofferson (1957) 

reported a significant negative correlation between thresholds and both 

meaningfulnes and frequ ncy, with the correlation being higher in the 

case of frequency . 

Noble (1953) has pointed out that these two variables , meaning-

fulness and frequency, are not independent, and it may be that the two 

are measures of the same factor . If this is the case, then the ex-

periments just reviewed provide scant evidence of a relationship between 

the recognition threshold of a word and its meani ngf ul ness , hich is 

independent of the f r equency !'actor. The frequency o1 us ge of a 

word., on the other hand, has been extensively' investigated, nd its 

effect on tachistoscopic recognition thresholds well-established. 

A number of references to the frequency variable have b en made in th 

pr eceding pages of thi chapter 1 but a detailed discussion was po t -

poned until this point because of the extreme importance attached to 

this variable i n the interpretations or the tachistoscopic recognition 

process to be described in the following section. 

Howes and lomon (1951) were among the first experimenters to 

examine the relationship between the recognition threshold of a word 

and its frequency of occurrence . l They presented seventy. five words , 

l . noted above, these same authors ( olomon and Howes , 1951) 
attempted to provide an interpretation of the value-recognition 
threshold relation reported by Postman, Bruner and McGinniss (1948) 
in terms of word frequency a an alternative to perceptual sensitization 
and perceptual defense . 



which varied widely in their frequency ratings, to subjects for tach-

istoscopio recognitio~ . Three separate measures of recognition 

thresholds were obtained for each of the words; the mean, the median, 

and t h mean of the ten lowest thresholds of each word for the 20 
' 

subjects . Howes and Solomon (1951) reported that the time required 

tor the correct recognition of word was an approximate linear, de-

creasing function of the relative log frequency of usage or that word . 

The authors suggested on the basis of these findings that the size 

of the threshold should be regarded as a function of the relative 

frequency of the response word; that is , frequency should be con-

sidered a respon e variable rather than a property of the stimulus 

word. 

This inver e relationship between recognition thresholds and 

word frequency has been repeatedly demonstrated in studies using a 

wide variety of words . Howes (1954&) reported obtaining this s e 

effect when the frequency of usage of a series of words was determined 

by both students ' ratings and the Thorndike- Lorge (1944) estimates . 

Wispe and Dramber ean (1953) found that frequency influenced recognition 

thresholds of need- related words , while DeLucia and Stagner (1953) , 

and Fulkerson (1957) r eported a similar finding with soci lly taboo 

words . Other experimenters who have demonstrated the word frequency

recognition threshold relationshi include Freeman and Engler (1955) , 

Engler and Freeman (1956) and Newbiggin~ (196lb) . The effects of 

frequency on value words and on word length were described earlier 

23 



in thi chapter in o e detail (a p. 15 and 16 tor •value', and p. 

18 tor '1 ngth 1 ) . 

In view of the vidence cit above, it is p rt ctly clear that 

wo.x frequency t 'be considered one of the major determinants of word 

r cognition. However, the results or the e studies were based on 

trequenc;r estimates taken from popular vord. counts; such counts tail 

to reflect individual differences in frequency of u ge and these 

dift rences would undoubtedly produce consider bl variability in the 

experimental data . 

3olomon nd Postman (1952) carried out an xp riment d aign 

to control this individ 1 difference variable. Fir t , the subject was 

required to read nd pronounce 24 different non nse word repeated 

with different .frequenaie on each of 100 cards . Ten of the nonsense 

words , that is, two fro e ch or five ditf rent tre uency cate ar-

ies, were th n presented tor tachisto copi recognition, vogether with 

ten new nonsense wo and ten gli h "'0 s . Sola n nd Postman 

(1952) reported t t the reco tion thresholds varied inver ely with 

the trequ nc7 or pa t xperience, thus verifying the results obtained 

with 1110rd.s lected. fro the frequency tables . It e also observed 

that tb gr teat threshold differences occurred between the novel 

stimuli and the nonsen e words that had been shown onlT once in the 

pre- training series , vith siza le drop between the once- and 

twice-experi need nonsense words , followed by a linear decrement 

between the two and twenty- ti ve trequenc,- value • 'Ihe authors inter-
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preted these results as indicative that the frequency or past usage of a 

word was an important determinant of the response strength of that word. 

Other experimenters who h ve duplicated these results using a 

similar procedure include Vander las (1953) , Cohn (1954), King-Wison 

and Jenkins (1954) , Baker nd Fel dman (1956) , Le,th (1957) e.nd Taylor 

(1958) . Pos nand Rosenzweig {1956), Forrest (1957) and Sprague 

(1959) reported the e inverse relationship when the frequency ot 

prior experience with the stimuli was established b7 auditory training. 

It i eminently clear that one of the most important variables 

in tachi toscopic recognition is trequenc7 of st experience with the 

st1mulus . In a later section, the role that word frequency has assumed 

in ttempts to interpret the word recognition process will be discussed . 

Postn~&n and Solomon (1950) have reported that recency ot prior 

xperience with a stimulus word was also an effective variable 1n its 

recognition. Recency was established by having subjects first attempt 

to unscramble words in an nagram test . When the words were then 

presented tor tachistoscopic recognition, those words which had been 

tailed in the anagram test were found to have lower thresholds than 

completely novel words . The au o~ s suggested that recency or exper

ience in perceiYing letters facilitated subsequ nt recognition ot a 

word composed or those 

Browne 1956) . 

e letters (see also }~ller 1954; Eriksen and 

In a similar experiment , Newton (1956) used words whicn had 

r cent~ been seen in a paired ssociate learning task. The author 

reported that the recognition thresholds were lower for the previously 
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perceived words than tor control words. 

S rizing the experiments on stimulus-tied variable , it ia 

evident that both frequency and recency are significant f actors in the 

t chistoscopic recognition of words, while the effect of meaningfulness 

remains so what ambiguous . However, it is possible that all t hree 

variables are confounded to so e xtent , since both recency and eaning

f'ulness are known to be related to trequenc;y. 

Stimulus - Respon e Relations in Recognition 

One of the earliest attempts to interpret the tachi toscopic 

recognition process was de by Solomon and Postman (1952 ) • workin 

within an associative learning fr ework, the authors suggest that the 

recognition process 1a a joint function of sensory info tion and 

response probability. The probability of respon e i to be in£ rred 

from t he frequency of u age of the word. Sensory information, on the 

other hand, depends on cues provided by the stimulus word, and the 

duration ot its exposure. It is assumed . that at short exposure dur

ations only a tra nt of the at W.us word will actually be perceived. 

Since this f ragment may be c on to a number of words, several diff

erent responses are possible. The particular response given will depend 

on the relative respon e t rengtbs of all the words cont aining the 

fragment . Since the prob bility of a response can be adequately pre-

dicted from ita frequency of usage, the response elicit t brief 

exposures will tend to be high frequency words . Thus , if the visually 

presented stimulus is a high frequencyw ord, the correct response is 
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probable. If, however, an infrequent timulus word is presented, then 

the response is likely to be incorrect. Solomon and Postman (1952) 

refer to this latter ituation, where a low frequency word elicit a 

high frequency response as 'response interference'. The authors further 

ass e that, following an incorrect response, e ch successive exposure 

duration will tend to increase the siz of fragment perceived, thus 

reducing the number ot competing responses. The correct recognition of 

a low frequency word, then, depends on increasing the amount of effect-

ive stimulation nd restricting the number of response alternatives . 

This analysis of word recognition readily explains the inverse 

relationship found between recognition thre holds and word frequency. 

Further hypotheses suggested by this interpretation have recently been 

tested experimentall1; these will be discussed below. 

Response-related Variablesl 

Because response probability played such a major role in the 

Solomon and. Postman (1952) for ulation, the question was raised 

whether it wa frequenc;y of exposure to the stimulus, or trequenc;y of 

responding to the stimulus that determined the recognition threshold . 

In other words , did frequency affect the process or perceiving or or 

reporting? This question was investigated by Po tman and Conger (1954) 

in an experiment involving the tachistoscopic recognition oft hree 

letters which could be considered either as a word or as a trigram, 

1. Because of the difficulty of classifying these studies on 
the basis of the variables examined., we have roughly called them 
"Re ponse- related Variablesn and "vt imulus- related Variables" . 



{that is, part of a word). For example, the letters !QR could be a word 

in itself, or part of a longer word such s FOREIGN. The Thorndike

Lorge word counts {1944) furnished an estimate or the .frequency of occur

renee of the letters as words, whil their frequency as trigrams was 

taken !rom a count of trigrams published by Pratt . The authors found 

the typical inverse correlation between word frequency and recognition 

thresholds, and an insignificant correlation between trigram frequency 

and recognition. Postman and Conger (1954 ) argued .from these results 

that it was the frequency of responding to stimulus units, and not the 

frequency of visual exposure , that determined ease or recognition. They 

tated: nthe speed of recognition or letter sequences varies signif

icantly with the strength or the verbal habits associated with such 

stimuli. There are no demonstrable effects of beer frequency of ex

posure" (1954, p. 673) . 

Neisser (1954) examined the same question as Postman and Conger 

(1954} but mployed a different experimental procedure. Neisser•s subjects 

were fir t given a list or twelve word to study for one minute . Tach-

i toscopie recognition thresholds were then obt ed for fiv ords 

from this list, five words which were homonyms of words in the list, 

and five control words . 'the results indi.cated that the recognition 

thresholds for the previously experienced words were lower than for 

either the homonyms or the controls , which did not themselves differ . 

Neisser concluded: " inee th same verbal response is employ in a 

homoeym as in reporting the word itself, it appears that the effect of 

a set of this type is to facilitate recognition processes without 
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generally facilitating the corresponding verbal responses11 (1954, p. 402) . 

Ross, Yarc$ower and :,lilliams (1956) repeated Neisser's experiment, but 

found that homonyms did tend to give lower th:.resholds . Neither of these two 

studies , however , can be considered completely adeq~te tests of the 

frequency of perception-frequency or response question . When a homonym 

i used as the stimulus both the configuration and the meaning or the 

original word tends to be lost . This might account tor Neisser ' s con-

trary results . 

An experiment by Goldiamond and Hawkins (1958) suggests that res

ponse probability is the sole determinant of word recognition. These 

experimenters used the same training technique as Solomon and Postman 

(1952) had employed in 1beir study to establish differential frequencies 

or past experience with nonsense syllables . Following an interpolated 

activity, the subjects were told that the !!E!. stimuli which they had 

previously experienced would be presented in the tachistoscopic task. 

However , instead of printed nonsense syllables , blank cards were presented. 

The correct response for e ch card wa arbitrarily pre-determined by the 

experimenters . This technique yielded an inverse relationship between 

the frequency or prior experience with nonsense syllables and "recog

nition threshold.sn. Goldiamond and Hawkin (1958) argued that recog

nition threshold experilllents can be explained simply in terms of response 

bias , without recourse to any additional stimulus or organismic variable . 

Newbigging (1960) r peated the experiment by Goldiamond and 

Hawkins , but e.mployed value- related words as training stimuli instead 

of nonsense syllables. Newbigging found that the "recognition thresholds" 



tor words congruent with do=inant valuee lower than those tor words 

c ngruent with non-<!( inant values. In interpreting the results, New-

b ;ging pointed to an important difference between the pseudo-perceptual, 

task given in these two expor ent am the c · only uaed tachiato-

scopic procedure. In the t"«> precedina experiments the aubjecta were . . 

1nro ed. that one ot the previouely experienced stimuli would be 

present , thus aeverel.7 l1m1ting the number or r eeponeee that could be 

given. In the u al tachisto copic exper ent, the nwaber ot possible 

reapon ea 1 unlimite4, anct therefore the aubjeot · at receive e 

cuea from the at lu botore he can be expected to identi y it cor

rectly. Thus, tlle Goldiamond and Hawkins (1958) atucy itrUco.tes that 

response bias can be eetabliahec:l to a limit number o words throuah 

training. However, it ia obvious that reap~ee bias cannot explain 

the inverse relation hip tound bet een word cognition thre holds 

word trequenc,l . 

It will be recalled that Sol on and Postman (1952} in their 

diacusaion or the tachiatoacopic reco tion proceaa augge ted that 

incre sing the amount ot stimulation baa the ettect of restricting the 

number or alternative reapona a, thus r ising the probabUit)" ot the 

correct one. In etudJ'ing tho eft cte ot response reotriction2, two 

ciifterent procedures have been used . In the tint, the subject 1 given 

1 . Postman (1963) ee wbetant1all)" the point 1D hie 
d1acueaion ot the· Oolt11amond and Haw ina (1958) tud7. 

2. 'these studies have aleo been ret rred. to aa eatabliahing 
a response e.t tor a particular clan ot stimuli. 
(e e Po , 1953). 
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info tion concerning the class ot t imuli to be pres nted. ri-

menters who have emplo;red t his procedure incl ude Post and Bruner 

(1949); Postman, Bronson and ~opper (1953); (1954); and lor 

(1956) . These authors all agreed that previou into tion concern

ing the class or stimuli to be p esented incre s~ the obability of 

th correct re ponse, and this increase in response probability was 

nifested in a decrement in the recognition thresho~d. The second 

thod emplO)f'ed to restrict the n er of alternative responses involves 

the recognition of a series of muli , whi h have a p cific character-

istic in co on. IUustrati ve of this thod is a stu:i7 by Fulkerson 

(19$7) , who aaured recognition threshold tor a rand series or 

taboo and neutr 1 words. The results showed that the first taboo ord 

had a much bi h r recognition threshold than tb other taboo words in 

the s r ies , while this effect wa not found with the neutral words {see 

lao Bitterman and Knittin , 1953) . Fulkerson ttributed these findings 

to ' h bituation' to taboo words; that is, following the recognition 

ot the t1rat taboo 'WOrd, the subject limitAd his responses to this word 

ela s, thus incre sing hi chances or being corr ect at short r exposure 

durat ions. W'ith the n utral words there was, ot cour e, no co .on 

characteristic available, and consequ•n~ no change in thre hold a 

to be xpected . 

The r eaul.ts of thea studies tend to support the proposal that 

r eatrictin th number ot alt rnative r sponses either by i nstructing 

the subject , or by baYing him recognize a series ot st1. uli or one 



particular class, has the effect or incr asing the probability or the 

correct response . 

Stimulus- related Variables 
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Most or the evidence on changes in sensory information obtained 

on successive pre3entations of a stimulus word ha been based on data 

provided by pre-recognition responses . For example, .JOardman ( 1957) 

analyzed the pre- r cognition response5 for a seri s or words which h d 

been presented tachistoscopical.ly. The result of this analysis in

dicated that the similarity between the pre- recognition responses and 

the stimulus word increased progressively with successively longer 

exposures . 

In more exten ive study, Newbigging (196lb} obtained similar 

re ults . This author defined the recognition process as one in which 

the stimulus word is redintegrated from a seen fragment . The s um 

tion i made that at each longer exposure or the stimulus , a larger 

fragment or the stimulus word is perceived; the perceived fragment is 

then incorporated into the verb 1 response giv n by the subject . Ul

timately, a sufficiently large :!'ragment is perceived to elicit the cor

rect r spon e . Further evidence in favor or a redintegrative process 

came from Newbigging ' s (196lb) report that the similarity betwe n the 

respon es immediately preceding correct recognition (RT-1) and the 

timulus word varied inversely with the r requency o! occurrence 

the stimulus word being presented. This finding agrees with Solomon 

and Postman ' s belief th t a larger fragment must be perceived for recog

nition of a low frequency word than for recognition of a high frequency 
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one. Fin&ll7, ewb ing (196lb) oba rv that the pre-recognition rea

poruses givqn to infrequent wrda were a1gn1t1cantlJ' leaa tre uent in 

occurrence t han thoae given to frequent worda. Since intrequent words 

take 1 er to recognise, tbi tindin& appa e to be co aiat t with 

and os 'a suggestion that the frequency of thtt re ponae 

word varies 11 veraely with tho duration or expoa ot h at ua. 

dditional support tor a redintegrative proceaa in tachi sto-

scopic recognition c o tr a aeries of atudie on the non-indopend nee 

of successive response ( ee Bl e and V8Merpl , 19~0' Verplanc , 

Collier and Cotton, 19~21 . Brick r and Cbapania., 953~ olli :r 

at 1ea revealed that the proba U i ty- ot a 

reapon e on a giv n presentation of the atimulue word dep ed t o some 

l ext.ent 911 previous reaponaea iven t.o that w • 

1ntereatin experiment wae reported b;y Po~ 

(1957.) . Thea• authors ootapared the recognition t hroahol<ia for a lut 

ot words which had Mn prea.•:un.tKJ. to one group or subj eta uain& the 

Aecendina . thocl or Ltm.1t.a &ad to another group 'b7 t.he t:hcd o 

Soriea. In their ex riaent, uae ot the Aacemin,g Met.hod ot Uaita 

1nvolv preaentin& a ~rd. fil"at at 20 ldl.l.1aeconds, and the increaain& 

the XJ)Osure duration by 10 m1lliaocond tepa ~tU t.he wo a.a corroct]Jr 

1 . .. udiea r ported by Bricker Cbapania (195.3) , ock 
(1954) and I.¥eack (1954) at!orct further evidence tor tb non-1ndepend nee 
or succeaeive :r"ponaea. Those uthora obeerv that when eubJecta were 
all =Ore than on reapon • at each oaure or the ati:mulua worcl 
thresholds were lower ~ tho e obt ed when subject• were pemitted. 
only one nreponae. This finding eats that it the t irst response 
elicit b7 a perceived tra t 1 incorrect, t.be next. re ponae will 
bo the second most probable word which incorporate a the tr nt. 'I'hia 
ia consistent with the redintegration process tor tachiatoacopic recog
nition proposed b7 Nuwbigging (l961b) 
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recognized .1 ith the ethod of all of the words were 

first presented at 20 mUliaeconds, and at •ach longer expo ure all 

words were shown again in a different rando order. This procedure was 

continued until th entire list of words had been r cognized. , ihile 

the ethod ot Limits yield sl ;htl.y lower thr eshold scores than did 

the Method or Random Seri s 1 the difference a n~ significant. This 

suggests that previous responses to stimulus word do not actually 

tacUitate tho recognition ot that word; rather they serve as cues to 

the process or recognition. 

As tudy' by Haaelrud and c_ark (1957} wa.a oonc.rn with the 

parts ot a atimulu ord which con tituted the etfectiv: fragment . 

v.· gner had earlier suggest d that the fir t and last letters ot a ran-

do sequenc or eight letter s were recogni ed more readily than the mid

dl ones (se p . ll, this chapter) . Ha.selrud ani Clark (1957) pre ented 

their subj ts with nin .... letter words tor recognition t constant ex

posure duration or 40 mUliseconda. E ch subject was requested to first 

gues the identity or the word, and was then given a list or rive words 

from which to ae:tect the one exposed . 11 of the words which de up 

this list h d the same first nd last letters s the timulus word, but 

were otherwise different . lothe analysis or the subject•s guesses gave 

results consistent with Wagner ' s 1n showing that the end lette~a of 

a word are rnore easil7 t"ecognized. t han are the inte ediate letters. 

'l'he authors suggested that the harp eontrast gradie.."lt betwee the end 

letters and the white background facilitated the reoogniti :')n ol the 

l . This is the moat gener lly used method ot measuring recog
nition thre holds. 



letters in these position • 1nterest1n.sl7 cough, 1n the multiple 

choice taak where the end letters were not avaUable u cuee, aince 

t.hq were the aame tor all the WOl'ds 1n the li&t, the aidclle letters 

we toUJ¥1 to aid recognition. It appears t these reeulte that the 

recU.nte&l"&tive procua involves the recognition of letters at the ends 

ot the word at the earlier expo..ure durations, and then on aub.;equent 

expoauros cme or more ot the middle lett :ra, untU a sutt1cientl7 

larp tr nt is perceived tor correct 1dentit1cat1on ot the word. 

It would seem reaeonable to conelucle from the reaults or the 

otud1ea just J"eYiewcl that tach1stoscop1o recognition con iata ot a 

prooau ot 14entU)'ing the word preaent.ec:l from a perceived part or 

trapent or the wrd. ¥\&rther, 1t the word baa a high troquenc1 ot 

occunence, and thua a high probability as a reeponae, or it ite pro

babUit7 as a response is increased by such experimental procedures 

aa reatrictiag the n'UZiber of altemative responses, it would be expected 

that the ~1aulus lfonl would bo correctq identified fr a relativeJ.7 

small trap.ent. Since, e Newbigging (l96lb) baa shotm, the aize ot a 

perceived trapent ppeare to be a simple function ot the exposure 

duration ot tho vorcl. the low thresholds or high trequcmq words an4 

ot words tram a restricted liat can be react.il7 Uftd.eratood. Thus, tM 

axperiaental evidence would appear to support Solomon and Post..raan 'a 

(1952) 1nterpret.at1on ot the p:ocsaa ot taoh1atoacop1c recognition 

aa involving bot.b aen.o17 Worraat1on and reepoDSe probabll1t7. 

Other interpretations ot the recognition proceaa (e. g. Howes, 

l954a; Eriksen and BraNna. l9S6s Spence. 1957) have alao been cODe meet 
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with the relation b tween sensory information and response probabilities. 

Ho s (l954b),for eX&mple, presented a statistical interpretation, which 

he termed a R-emission theory. According to this formulation, the 

ission ot a respon e word dep nds on the relative strength of its baa 

probability (that is, frequency ot past experience), plus ita momentar,y 

probability. The momentary probability fluctuates with changes in 

environmental and organismic conditions. Sine these two !actors summate 

to determine the emission of a response, it follows that a high !re

qu nc;r word (a word having a high base probability) will require less 

timulus information {that i s , momentary probability) than will a low 

frequency word. ile this interpretation affords a fe sible explana-

tion of the inverse relationship b tween word frequency and recognition 

thresholds, it does not lend itself readily to further experimental 

study. 

In their interpretation ot the word recognition process, Eriksen 

and Browne (1956) and Spence (1957) suggest that the probability that a 

response will be itted at &n7 given t e depends upon its position 

in the response hierarchy of the individual. The level in the hierarchy 

of a particular response word is d termined b;r ita past frequency ot 

usage; and alao by a number of or anismic and environmental events 

associated with that word . At aD7 point in time, the position of a 

word in the r esponae hierarchy b tered by frequent usage, and/or 

by changes in the organism and nvironment . According to this inter-

pretation, th n, frequent words and those a sociated with rewards will . 
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have lower thresholds when presented tachistoscopically than infrequent 

words and words associated with punishment. The predicted effects of 

the frequency factor have already been clarified, while the effects 

of r rd and punishment on word recognition have not as yet been 

determined . 

It is clearly evident that neither of these explanations (that 

is , R- emission or response hierarchy) differs essentially from the 

interpretation proposed by Solomon and Postman (1952) to explain the 

tachisto copic recognition process . In all three analyses, consider

ation is given both to the role of response probability and sensor.y 

information (or organismic and environmental events) . 3olomon and 

Postman (1952) and Howes (1954b) emphasize word frequency as a deter

minant ot response probability, while th response hierarchy theorists 

tend to lay more stress on the role of reward and punishment. ~ince 

all three interpretation would tend to make the same predictions 

concerning the problems dealt with in this thesi , no further dis

cussion of them is necessary . 

The next, and final, section considers the effects of learning 

on tachistoscopic word recognition, a topic of central interest t o 

the experiments which are described in the following chapters . 

Tachistoscopic Learning 

In a recent article, Gibson (1953) has provided a comprehensive 

review ot those studies of perceptual learning, ~which deliberately 



3B 

nipulate practice in the experimental situation, or at least ntity 

practice which took place outside it" (1953, p. 40~). Included in 

this review were tuiies dealing with acuity, sensory thresholds, dis• 

crimination of r lative differences, ab olute estimation and rating, 

and recognition of patterned st uli under impoverished conditions of 

stimulation. A relatively small amount of space was devoted to tachis

toscopic studies which simply reflects the rather meagre amount ot 

experimental work carried out in the area prior to 1953. 

In addition to describing the number variety or conditions 

under which perceptual learning occurs, Gib on (1953) s rized 

tudies which had investigated the effects on perceptual learning of 

uch parameters as amount and distribution of practice, and reinforce. 

ment . Also s~ed out for particular discussion were the phenomena 

ot tran fer and retention. 

Ammons (1954) , in a review l it to experiment inve tigating 

the effects of learning on visual form perception, identified as in 

need of further study essentially th~ same parameters discussed by 

Gibson (1953} . 

Our intention in .the next few paragraphs is to summarize the 

few tudie which have examined the effect of learning in t a.chi -

toscopic word recognition. The scarcity or experimental data in t~ 

area limits our discussion to studies concerned with amount or practice, 

reward and punishment, and transfer of training. 
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Amount of Practice 

Although Renshaw (1945) had observed a practice effect in the 

tachistoscopic recognition of numbers , Howes and Solomon (1951) were 

the first to de cribe the relationship between the amount of practice 

and the recognition of word • 'lbese uthors plotted the threshold 

scores for sixty words which varied widely in their frequency of occur-

renee . They reported a negatively accelerated, decreasing curve, with 

pproximate~ thre - fourths of the practice effect occurring in the 

first quarter or the list. In addition, they noted that the curve was 

still falling at the sixtieth word . 

Newbigging and Hay (1962) investigated the effects of practice 

in the tachistoscopic recognit ion of words which differed in both 

frequency and length. In their tudy, nine groups of subjects were 

requir to recognize nine ditf' rent li ts of words . Three lists were 

made up of high frequency words , three of medium frequency words and 

three of low frequency words . ithin each frequency, one list con
l 

tained four- letter words, one seven- letter words, and th other ten-

letter words . Plotting the i.~ividual curves for the nine groups ~ the 

authors reported that for all lists recognition thresholds howed an 

early sharp drop and then a more gradual decrease with further practice . 

The greatest decrease, however, was observed for the longest and most 

infrequent words . With short and frequent words the initial thresholds 

tended to be low o that little decrement with practice could be demon-

strated . 
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It is apparent from both studies that practice has its greatest 

effect early in the series# although performance continues to improve 

over a long list of words . This finding is similar to that observed 

in a variety of other learning situations . 

Reward and Punishment 

While a number ot studies have demonstrated that reward affects 

perceptual learning in general (see Gibson, 1953; Ammons , 1954) , only 

one experimenter has reported the influence of reward on ·word recog

nition. Rigby and Rigby (1956) , using small children as subjects, 

found that recognition thresholds were lower for capital letters that 

had previously been associated with token r eward I than for letters not 

associated with such rewards . Cohn (1954) attempted a similar exper

iment with adult eubjects, using nonsense syllables as stimuli, but 

failed to obtain significant results . The apparent conflict in the 

findings of these two studies could be attributed to the fact that the 

children found tokens rewarding, while the adults did not . 

The effect of shock on recognition thresholds has been the sub

ject of investigation in a number of studies , but the results are not 

altogether clear. For example, Lazarus and McCleary (1951) measured 

the recognition thresholds of a list of ten nonsense syllables, five 

of which had been paired with shock in a preliminary session and five 

not . These authors reported that there was no significant difference 

in threshold scores between the shocked nonsense syllables and the 

neutral one~ although the galvanic skin response which was also record-
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ed was greater for the shock-paired syllables when they were presented 

at exposures too brief to result in recognition. Using a similar 

procedure , both Lysak (19.54) and Hatfield (1959) found that shock 

syllables had significantly lower thresholds than did non- shock syll

ables . 

In a somewhat different type of s tuc:ly, Reece {1954) presented 

a list of nonsense s,yllables , all of which had been paired with shock, 

to two groups of subjects for tachist oscopic recognition. In both 

cases, the shock began with the presentation of the syllable. However, 

with the first group the shock was terminated immediately the word was 

correctly reported; with the second group the shook was not terminated 

until the stimulus had been removed . In other words , the subject was 

rewarded for emitting the correct response in the first instance, 

while in the second he was not . Following this training, the subjects 

were presented with the same nonsense syllables for tachistoscopic 

recognition. Reece (19.54) reported that the group trained under the 

•avoidable shock ' conditions had lower thresholds for the shocked non

sense syllables than did the group trained under the ' unavoidable shock' 

conditions. These findings are in agreement with the response hierarchy 

interpretation of word recognition. That 1 , words which have previous

ly been associated. with reward ( •avoidable shock ' ) will move up in the 

response hierarchy, thereby increasing their probability as responses 

and lowering their recognition thresholds . Just the opposite would 

be predicted for the ' unavoidable shock ' words . 



ihile this xperiment suggests that reward and puni hme t in

fluence word recognition, there is insufficient evidence to arrive at 
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any definite conclusion concerning the relation between these parameters 

and recognition thresholds . 

Tran fer ot Training 

This topic is or considerable importanc to the present thesi 

and will, therefore_. be dealt with at some length. 

Both e er (1942) and Renshaw (1945) have reported that practice 

in the tachistoscopic recognition of stimuli improved reading speed . 

However, Weber (1942) reported that transfer from the tachisto copic sit

uation to a non- tachistoscopic situation did not occur when the stimuli 

pre ented UD:ier the two conditions differed. Renshaw (1945) 1 on the 

other hand., foWld that reading skill improved following tachistoscopic 

training with numbers . Gibson (1953) , in her review of ttdies concerned 

with the recognition or forms and oth r types of stimuli, tended to 

agree with Weber ' s (1942) conclusion when she stated that 11perceptual 

learning with the t chi toscop transfer only insofar as the te t and 

training tasks are similar" (1953, p. 419) . 

Transfer from a non- tachistoscopic training ta k to the recog

nition or the ame stimuli presented tachi toscopical~ h s been d on

strated in a number of studies . (i . e . Vanderplas, 1953; Cohn, 1954; 

Baker and Feldman, 1956) . For example, Solomon and Postman (1 52) 

presented nonsense syllable dil'ferent numbers of times outside the 

tachistoscopic situation, and then presented these same nonsense 
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syllables for t chistoscopic recognition. The results showed clearlJ 

that the thresholds varied as a function of frequency of past experience. · 

The effect of transfer of training fro one s ense modality to 

another has been studied in a number of exper imente . (e . g. Postman and 

Rosenzweig, 1956; Forre t , 1957; Sprague, 1959) . · In these studies , the 

stimuli have been presented either aurally (b;y having th exper enter 

repeat the word out loud to the subject), or visually (b;y having the 

subject read the word) . Following training the subjects were presented 

with the same stimuli either tachistoscopically, or in the presence or 

a 'white 1 noise. 

The oat extensive investigation or thie type was carried out 

by Postman and Rosenzw ig (1956). These authors found that aignitic tl7 

more trans! r was obtained when the s e sense modality was used for 

training and testing, than wh n two dif ferent odalities were used. In 

addition, they observed th t transfer from vision to audition w s much 

more pronounced than transfer fro audition to vision. Als an explanation 

or this latter finding Postman and Rosenzweig (1956) suggested that under 

conditions of visual training the subject could repeat the words sub

vocalq, and that this would. ediate transfer to auditory recognition. 

A similar mediating mechanism would b unavailable to the aurally- trained 

subjects as it is unlikely the7 would visualize the spoken words . This 

is consistent with the results of an experiment b;y Sprague (1959) who 

found that oral practice (that is, repeating the nonsense syllables after 

the experimenter) had practically no effect on subsequent recognition of 

the same stimuli presented tachistoscopicall;y. 



Contrary findings were reported by both Forrest ( 1957) and 

eissman and Crockett (1957), who observed that stimuli presented aur

ally had the effect of significantly lowering visual recognition thre

sholds . These authors , however , employed different experimental pro

cedures from those used by Postman and Rosenzweig {1956) . Weissman 

and Crockett (1957) gave a paired-associate learning t sk as auditory 

training, while Postman and Rosenzweig merely repeated words aloud to 

their subjects . In the Forrest (1957) study, the procedure used to 

determine visual threshold differed from that used in the Postman and 

Rosenzweig experiment; in the former, the word was first projected as 

a blurred image and gradually brought into focus . The threshold was 

taken as that level of focus at which the subject c rrectly identified 

the word . Postman and · osenzweig employed the more usual procedure of 

gradually increasing the brightness level at which the word was exposed. 

These differences might well explain the contradictory results . 

Another relevant experiment demonstrated the effect of negative 

transfer on tachi toscopic learning. Postman and Leytham (1951) pre

sented a list of eventeen words for tachistoscopic recognition . The 

first fifteen words presented were adjectives descriptive of personal 

traits , while the final two l«)rds were nouns . The usual tractice effect 

was found for the fir t fifteen words . However, for the sixteenth 

word there was a significant rise in the recognition threshold, and then 

a sharp drop occurred on the seventeenth . Postman and Leytham {1951) 

ttributed the sudden increase in threshold for the first noun to 

1 et• for adjective responses establi hed during previous training. In 
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support of this explan tion, they reported that a large proportion of 

the pre-recognition responses to the first noun- stimulus were trait

adjectives . although these same responses tended to bear a structural 

res mblance to the no'Wl.- stimulus . These result suggest that, despite 

the fact that the perceived fragment was large enough to elicit a 

structurally-similar response, the high response probability establi hed 

for trait adjectives interfered with the emission of the co~ect 

response . This, of course, is the explanation proposed by Solomon and. 

Postman (1952) for the frequency- threshold relationship. 

Tbe results of the different studies on tachistoscopic learning 

appear to warrant the following conclusions . Tbe studies unanimously 

find that recognition thresholds deere se as a function of practice; the 

practice effect, in turn, is found to be a function of both word fre

quency and word length. On the other hand, the effects of reward and 

punishment remain obscure , with different experimenters reporting con

flicting results . In respect to transfer of training, both positive 

and negative transfer effects have been secured, although no detailed 

study of the phenomena has been made. 

* * 
The experiments to be described in the following five chapters 

of this thesis examine several features or the tachistoscopic learning 

process . They are concerned with response probability as a determinant 

of the threshold decrement with practice, various aspects of the transfer 

phenomenon and, finally, with the role of fixation in tachisto copic 

recognition. 



CHAPTER THREE 

EXPEHIMErrr 1 

Solomon and Postman's (1952) interpretation of the frequency 

effect in tachistoscopic word r cognition which was discussed 1n the 

previous chapter involves two factors; the first is the sensory intor-

tion provided by brief exposures of the stimulus word, while the 

second is the probability as respons~or word belonging to the same 

frequency class as the stimulus word itself. Briefly restated, the 

interpretation is that at brief exposure durations only' a fragment of 

the stimulus word will be recognized by- the sub ject . The horter the 

exposure, the s ller will be the perc ived fr gm.ent d the larger 

the n ber of words which will include it as a common component . It 

the frequency of occurrence of a word is taken as a measure of its 

probability as a response, then responses to small perceived fragments 

will be high frequ ncy words . Larger tragm nts , common to fewer words, 

will need to be perceived to elicit infrequent word as responsos. 

Since it has been shown {N wbigging, l96lb) that the size of the frag

ment recognized is a simple function of exposure duration, the inv rae 

relat ionship found between word frequency and recognition threshold 

mq be explained 1n this way, 

Newbigging and Hay (1962) extended this interpretation to 

account for t he substantial practice effect commonly observed 1n tach

istoscopic word recognition. They propose th t recognition of success-

46 
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ive words fro the same frequency claa will increase the response pro

bability ot words in that frequency class . It this is the case 1 then 

the correct response will be elicited by progressively smaller fragments 

as successive words are recognized . The experiment by Newbigging and 

Hq (1962) provid s evidence which strongly supports this euggestion. 

Howev r 1 their method of estimating the eize of tr gment required 

to elicit the correct response i indirect . They compare the response 

imm.edi tel.y preceding correct recognition (RT-1) with the etimulus word 

to obtain an index of similarity. This in:lex is derived b7 assigning 

on point to each letter in the response word which is the e a a 

letter in the stimulus word; then, to the total numb r of points ob

tained in this way 1 added one point tor each pair of letters which 18 

correct, adjacent, and in the right o er. Thus, 1! the response 

ttCOAT" were given to the stimulus word "CODE" 1 it would receive three 

out of a possible seven points , and be scored 43% similar. It is then 

&8sumed th t on the following pre8entation the subject perceive only 

utficiently ore of the stimulus word to form a large enough fra ent 

to elicit tpe correct response ~ Further, when it is observed that the 

similarity or the RT-1 response decrease8 a8 successive word8 are 

recognized, it ie concluded that the correct response tor a word in 

position _ is elicited by a sma.ller fragment than is required tor th 

first word in the list. 

This conclusion is based on the assumption that the gain in 

stimulus info tion on the exposure that re ults in the correct re-

8ponse r ins constant !ro word to word. That is , for example, it 



there is a 1 incre se in stimulus information on the final exposure 

ot the first word, there is also a 10% increase on the final exposure 

of a word lat r in the list . It is possible however, that a subject's 

skill in tachistoscopic viewing increases in such a manner that with a 

constant increase in exposure duration he is ble to discriminate pro

gressively more of the a timulus word. That is, the progressive decrease 

in similarity between the RT-1 response word and the stimulus word need 

not necessarilY be paralleled by a decrease in the similarity or th 

fragment which elicits the correct response and the stimulus word. 

There would appear to b no way of directly determining the ize 

of fr ent which lic1ts the correct r esponae since that response is, 

ot course, 100% simUar to th stimulus word. However, alternative 

approaches to investigating the role of changes in r eponse probability 

to account for the deer ent in word recognition t hreeholds with practice 

are possible. One such alternative is based on the arsum nt that a 

greater dec ent in the t hreahold will be observed when successive 

word present d for rec~gnition are all from the same frequency class 

than when they are fro different t requency classes. In the former 

case, appropriate response probabilities will be built up, while in the 

latter case they will not . It, alternatively, incr ases in response 

probability are not a factor in the practice effect , var,ring the fre-

qu ncy or occurrence of successive words presented for recognition will 

not affect the threshold decrement . The following experiment was designed 

to examine this possibility. 
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The ic apparatu an4 procec1uree, which wre c all five 

exporiaaente, will be doecri:b in detaU cmJ.,y tor Exporime t. !. Ditter-

encee in procedW"Al detaU or the aubaequent expor t.e will be des-

cribed in the appropriate thod section. 

Subject.& 

'1'be aubJeots were tort7-tive male and t e a tudenta enroll 

1n er School ?eycbolog couraea. '1!1 .3 )'..are, 

rang1na t 20 to 35 yoara. 

The baa1c apparatua wae a Gerbrand'e tachtatoecope. Tbia ppar

atua 1a eaeent1al.l.7 an L-ahapocl box with a halt- Uv red mirror 1na1de , 

et eo aa to. b1a ct the ht ansl• ot the L. A vi ing aper1;ure ia 

located on the base ot the L eo that the eubj ct look dlroct.]Jr t the 

&dddlo of the minor. Provia1an 1e made tor independently illur.U.natin& 

the field at either end ot the box. an the field at t base of the 

t and. to the eubject •e right ia UlWlW'Iated, an)" efttraulua material die

plqed 1a reflected by the mirror and eo vieible. Thia tiel 1 re

terr to aa the pre-expooure tielcl an<t• 1n theee experimenta, dieplay~d 

the .fixation akl • Illuadna.tion 1n the other arm ot the box enabl s 

the ubJect to ... throuah the urror 8n7 ati.I:::W.ue aater1al dlepl 

1n the end d1rect4' facing bill. Tbia field ia roterred to ae the 

expo ure field , and is uaod tor the presentation ot the etiJiwlua words. 
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A echanical timer controll d the illumination in both fields . ~en it 

was set tor so e particular interval such as 20 milliseconds, it dark

ened th pre-exposure field, illuminated the exposure field tor that 

inte al, and then ill inat d the pre-exposur t ield again. Thus the 

pre- expo ure field was conetantlf illuminated except when the exposure 

field was on. The timer provided for illuminating the exposure field 

for any- interval between 10 milliseconds am 1 full s cond, in 10 milli

second steps. 

Th fixation pattern in th pre- exposur field for th first 

four experiments consisted of two blac , horizontal , parallel lines, 

tour inches in length and two inches apart . The stimul.ue alw ys appeared 

in the exact center of the two lines. 

St imulus Mat erial 

Three lists of t hirty, seven- letter words were s lected from 

the Thorndike- Large (1944) word list • One li t was made up of words 

occurring fifty or ore times p r million (high frequency words) , and 

second li t of words occurring once per thre million words (low 

frequency) . The third list was composed of fifteen word chosen ran

domly from each of th oth r two lists. Thus, each of the ubject who 

was presented with th mixed frequency list tor recognition received a 

somewhat different list, although the frequency composition was the s e . 

Further, a restriction was impo ed on the order in which the big} 

low frequency words appeared in the mixed li t , so that thre of ch 

frequency occurred in each suce ssiv block of six word • ch word 
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, 
s typ d 1n black, elite capit letters on a white card. 

Experimental Design 

The forty-five subjects were randomly seigned to one of 

three groupe, with the restriction tha~ each group include nine males 

and six f ea. Each group was presented with a different word list ; 

that is , high frequency, low frequency or mixed frequency. The lists 

were presented i n a different r andom order to each subject for tach-

i etoecopic recognition. 

Procedure 

Each ubject was tested individually 1 and wae read. the 

following inst ructions: 

"I going to present some words to you, 
one at time. If you look in the eye- piece of 
this apparatus, you will see two lines. The 
words I e hall show you will appear directly 
between t he lines. Each word will b presented 
for a very short period of tim 1 and you may 
not be able to tell what the word is at first . 
However , after each present t1on I would like 
you to make a guess s to what the word was. 
Rem er, even if you do not recognize the word, 
I still want you to tell me what you think it 
was. Each word will be presented to you several 
times until you have correctl y recognized it. 
I shall inform you when you are correct 1 and 
then I shall show you another word. I shall 
say 'ready ' before each word ie flashed. Are 
there &nJ ~estione?" 

It the subject asked arrr question, r elevant parts or the 

instructions were re- read to him. 



'Ihe ascending method of limits was used . The initial exposure 

duration for e ch of the high frequency words was 20 milliseconds, while 

that for each of the low frequency words was 50 milliseconds . A slight 

modification was made in the initial exposure time for the subjects in 

the mixed frequency group; here, the first presentation of each high 

frequency word was at 30 millisecond and of each low frequency word at 

40 millisecond. 'Ibis alteration in initial exposures was introduced to 

prevent the subjects fro anticipating the frequency class of the stim

ulus word from cues provided by the differential exposure times . Follow

ing the initial exposure, the duration of each successive presentation 

was increased by 10 milliseconds , until the word was correctly identi

fied.. Each of the subject ' s responses to each word was recorded on a 

score sheet opposite the appropriate time. 

RESULT 

The in results of this experiment ar presented graphically in 

Figure 1, and a summary of an analysis of variance of the data is given 

in t ble I . It is apparent from the figure , and confirmed by the analysis 

of variance, that the effects of treatments (that is, composition of the 

word list} , serial position, and the interaction between treatments and 

serial position are all statist~eally significant. The effect of serial 

position was , of course, expected, and simply confirms the previously 

reported practice effect found in word recognition (Howes and olomon, 

1951; Newbigging and Hay, 1962) • The main effect of treatments and th 
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TAB.LE ;t. 

SUMMARY OF ISIS OF V RIANCE 

OF THRESHOLD DATA FOR THREE GROUPS 

Source dt F p 

Treatm ts (T) 2 8083. 48 10.16 < .01 

I ror (b) 42 79S. 95 

Serial Position (SP) 4 4125. 95 62. 84 < . 01 

T x SP 8 251. 22 ) . 8) < . 01 

Error (w) 168 65. 66 



treatments x serial position interaction are directly relevant to the 

purpose of this experiment 1 and are examined in more dettdl bel ow. 
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With regard to the effect of t reatments, it i clear from an 

examination of Figure 1 that the significant difference is attributable 

to the tact that thresholds tor the high frequency list are lower than 

those for the low frequency and mixed frequency lists. This was con

firmed by a comparison of the overall means of the three groups by 

application of Tukey ' s Multiple Camp rison Test (Ryan, 1959). This 

test showed that the means of the high frequency group differed from 

those ot both the low frequency and mixed frequency groups (p. < • 05 

in both cases) , while the means of these two groups did not differ 

from each other. The tact that these means did not differ is in itself 

an important finding when it is recalled that the av rage frequency of 

the mixed list was exactly intermediate between that of the low 8nd 

high frequency lists. The mixed list was composed of fifteen words 

from each of the other two. Apparently mixing the two word frequencies 

has the effect or raising the overall average threshold above that which 

would be predicted from the lmown effect of word frequency on the 

threshold alone. Indeed, apart from the first point 1 the curve tor the 

mixed list lies slightly above that for the low frequency l i st . 

Turning now to the treatments by serial position interaction, 

it is aaain apparent from an examination of Figure 1 that the rate of 

decrement of the thresholds, as successive words are recognized , is 

greater tor the high and low frequency lists than tor the mixed frequency 
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list . Evidently, the effect of mixing the frequencies of the words to 

be recognized operates over the entire list, and offsets to a consider

able degree the substantial practice effect expected in this task. 

A more detailed analysis of these data shows the effect of 

mixing word f r equencies in a striking way. In this analysis, the high 

and low frequency wor ds appe ring in the mixed list were separated, 

and their threaholds compared directly with the thresholds for the 

high and low f requency words occupyint~ the same serial position in the 

homogenous list. If, for example, a given subject who recognized a 

mixed list received the high and low frequency words in the first 

block of six in the following order: LF, HF, HF, LF 1 HF 1 LF, then tor 

a subject presented with a low frequency list, the average of the scores 

in position 1 , 4 and 6 was obtained; similarly', for a subject who rec

ognized a high frequency list the average thresholds for words in 

positions 2, J, and 5 was obtained. These averages were then compared 

with those for the appropriate low and high frequency words from the 

mixed list . This procedure was carried. out for all subjects over all 

blocks of six words , yielding four sets of five scores each. Thus, 

only half the threshold scores were used for each subject in the groups 

which received the homogenous low frequency and high frequency lists . 

The four sets of s cores are shown graphically in Figure 2 , where the 

average thresholds in milliseconds are plotted against the serial 

position ot the -words in groups of three . The word frequency effect 

is apparent from the figure , with both high frequency curves lying 
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below the two low frequency curves. It can also be seen that the thr -

sholds for both high and low frequency words present d in the mixed 

list are higher than words of the same frequency, and occupying the 

same serial position, in the homogenous frequency lists . 

ince the e subjects are represented in the mixed high a.nd 

low frequency scores, eparate analyses of variance were performed on 

the two ets of data; s ies of these are presented in Table II. 

Con idering first the analysis of threshold scores in blocks of three 

for the word in the high frequency list (HF) and th mix high fre

quency list (MHF) , it will be noted that only the effect of serial 

po ition is significant. However, an examination of the appropriate ~ 

curves 1n Figur 2 show that the,y start at essentially the same point, 

and then diverge . An nalysis or variance performed on the 1a t block 

of words alone showed that the two groups were significantly different 

at this point (F : 10. 62 with 1 and 28 degrees o! freedom, p < .Ol) . 

The failur to denv:>n tra.te a igni.ficant overall effect of treatment 

would appear to be due to the similarity in p9r.tormance or the two 

groups on the first block or words . 

The analysis or variance of the threshold scores in blocks of 

three for the words in the lo frequency list (LF) and the mix low 

frequency list (MI.F) yielded a significant main effect of serial · 

sition, and a significant treatments x erial position interaction. 

An in ection of the appropriate curves · in Figure 2 shows that they 

are similar initially, but the one based on t hreshol ds for words fr 

the homogenous low frequency list drops precipitously, while that 
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TAB II 

"'"'""'"IIW"l OF AUALY.> OF V ARI ·c OF THRESH W D TA 

HP-

Sourc dt p 

~taents (1) l 44'0.01 3. 58 NS 

r (b) 2a 117.45 

Serial f'osit.1on ( P) 4 406.6S 31.3) <.01 

'f X ~p 4 25. ,2 1.97 "' ~ 

Error (w) ll2 12. 98 

IF -

Source MS p 

Trea ents (T) l 1278.96 3.30 s 

Brror (b) aa 387. 34 

Serial Position (SP) 4 53.88 19. 80 <.Ol 

Tx p 4 m .oa 2.83 <.os 
Error (w) ll2 43.12 



oed on word tro the li t sea re uall$. blle the 

overall tr talent. !teet 1• not significant., an 1& ot vari.anc 

on th last blook ot acor alon that the groups did ditter 

a1gn1ticantl7 at tM polftt (Fa 6.31, with l m. 28 de sot ,..._.._ 

cloa, p < .025) . 

DISOU33IOM 

!!be re•ults ot tJli quite clear-cut 1n their 

.uppol't ot an 1Dterp1"4ttAt1on or the pr ct1ce etteet in· taob1 towopic 

wort\ recognition Wioh inolud• the variable or aponae probabllit;r. 

Appe.r tq, wb uccessive l!IOl"ds trom the· trequenq cla s 

presented tor reoopition, the babU1t7 increaa s that subject 

will rupond with rds tro that trequenq cl s at gre s1v•l1' 

short r expo uro durations, t.hu ~sing their Oha:nce:J ot being 

oorrect. 'nlese reapcnse p:-obab111tiee evidently increase graduall.r 

ince the threshold dec t contin over tho onti 11 t or thirtr. 

word • 

It is not surprising t.hat •uccea 1v presentation. or low fre

quency word has a eater ettect on the thf'tnhold decrement than baa 

the suooess v preaenta.Uon ot high: t:req ar ~ •• since the re.svvw'"-"' 

b&bility of th~ lat,ter ie alr high. rtheleas, ev witb 

high tl-«qu.MC7 words the threshold 4ect'tmMmt u reta.J'(ted when the 

tbe igniticant d1tterence 1n th average thresholds tween the hi&b 

frequ C7 .m r.rd.u4 high f'requenc7 11 ts on tho last. block ot worc18. 
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While it appears established that increases in response probab

ilit~ for word frequenc~ is an important variable in accounting for the 

threshold decrement in tachistoscopic recognition, it is clear that 

other variables are al o involved . For example, it will be recalled 

fro Figure 1 that a threshold deer ment was obtained with the mixed 

frequency list , which was mor gradual than that shown by the homogen .. 

ous frequency lists . Howes and Solomon (1951) also reported a decrement 

in thresholds over a mixed frequency list of sixty words. In neither 

of these cases would it be expected that response probabilities could 

increase in a ma.n.ner necessary to account for this decrement . The 

following experiments were performed in an attempt to further cla.rify 

the role of response probabilities in the practice effect in word recog

nition, and to examine certain other variables that might account for 

this effect . 



CHAPTal FOUR 

EXP IMENT 2 

The experiment just reported1 whUe supporting the view that 

incr eases in the probability as responses of words in the frequenc;y 

class to be recogniEed is an important variable in accounting for the 

practice effect, leaves unanswered a ber of questions . These con

cern the wa;y in which response probabilities enhance or retard the 

threshold decrement, depending on Wh ther they are appropriate or in

appropriate to the stimuli to be recognized, and the duration of their 

effect . Further, there is th question of the nature of other var

iables that apparently contribute to the decrement . Possibilities 

include general adaptation to the tachistoscopic situation, and the 

development of some general skill in te.ohistoacopio r cognition that 

is independent of the etimulus material employ'9d. 'Ibe following exper

iments attempted to answer some of these questions . 

The present experiment was designed to investigate the effects 

ot recognizing high trequenc1 words and numbers, as well as the effect 

of general adaptation to the tachistoscopic situation, on the sub

sequent recognition of low frequenc;y words . A fourth group, which 

recognized low frequenc1 words prior to the recognition of the test 

list or low frequency wo~s, provided the control against which the 

effects of the other types of pre-training could be assessed. 
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'THOD 

SUbjects 

The subjects were 40 male and 40 female stud nts enrolled in 

the Introductoey Psycholog cl e . They ranged in age from 18 to 40 

,-ears, with an average age or 24. 6 years . 

stimulus Materials 
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Three ditterent liete ot etim.ulue material, all nine item.e in 

length, were made up tor the pre-training session. One list consisted 

ot seven-letter words with a frequency of occurrence of 50 or ore times 

per million; one or seven-letter words with a frequency of occurrence 

or once per three million, and one of seven di&it numbers chosen fro 

a table of random numbers. The teat list of words consisted ot eight

een a ven-letter words having a frequency of occurrence ot once per 

three million. All stimulus items were typed in black, elite capital 

letters on white cards. 

Experimental Design 

The subjects were randoml1 assigned to one ot tour experi

mental groupe with the restriction that there should be 10 males and 

10 females in each group. The groups differed in the type of pre

training they received, one being presented with high frequency words, 

a second with low frequency words; at h1rd with numbers, and a fourth, 

the adaptation group, was simply presented with 54 exposures ot blank 

white cards . Following the pre-training or adaptation procedure, and 



without ~ interruption, each of the subjects in all four groups was 

required to recognize the test list of eighteen low frequency words . 

Procedure 

Both the pre- training and the test stimuli were presented tor 

recognition in a Gerbrand ' s tachistoscope. The instructions to all 

subjects, including those in the adaptation croup, were the same as 

those used in Experiment 1 . The order ot presentation of the words 

or numbers within each list was mixed by shuttling the cards tor each 

subject. 

Because of the Ya.I7ing difficulty of the stimulus material as 

tar as tachistoscopic recognition is concerned, the initial exposure 

duration was adjusted in an attempt to equate the groups with regard 

to the amount of practice (that is, the number of presentations of 

the stimuli) during the pre- training session. Thus, the initial 

exposure for high frequency words was set at 20 milliseconds , 50 

milliseconds tor low frequency words, and 100 milliseconds tor numbers. 

The duration of each exposure ot the blank white card tor the adapt

ation group was 10 milliseconds. For the test series tor all tour 

groups, the initial exposure ot each word was 50 milliseconds. 
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Th• thnsholc1 scoru averapd ov.w- bloota of t.hne atillulua 

it.eru -.re plotW tor both the pre-training aM. t.G$t aeries in FJ.sure 

3. 'lbe adapt.atJ.on ~ ia nott npreaent.ed. in the pre.tnining part 

or t.be t1auH •iDee, o£ courae, • threshold val.ua ooulti be obtained, 

tor the preset.atiu ot blt.nk 4/HI.Ns. 'lhre pre-t.~ am. t.eat data 

WN aeparat.el-7 anal7aed. Purtber, eiace it m:t&ht be apeotad that 

the etteet of pre-train.itla would be greatest 4~ the 1ftit1al part 

ot the test •u•nel, thNshold scoru tor tho tint blook and tor the 

tiret word werct also "papatel7 analr'aed. 

A Gllfll&l7 ot the anal3a1s o£ variaftce of the d.ata shown 1D the 

three c~a t.o the lett in Figure 3 ia pr•••nted in Table III. It 

will be noW tJlat the main e!teo1'A of treat•nt.• (that 1s, tJPe ot 

trtim\\lus storial) 1 aerial poa1tion ana Ule treatmtmta x aerial pos

ition lnt.enotion are au l!lipit1eut. Th••• etfeots IU."e appanmt 1D 

figure ,, 41'14 little turt.tuu• deeoription would Hem to be requ.tred. It 

lligbt be not.ed, however, tbat the treatments Jt .eevial position inter

action seeaa d.ue u.iftl¥ to t.be aharp drop in threehol<b on the second 

block ot worcle tor the poup reeopi&in& ~uraber a\.1mul1. 

Teet eerie• 

'l'bre'-.hold data tcr t.M teat aerl.M ot voZ"'Ia tor t.he tour g roupa 

are ahOVIl to the rieht. ot Figure 3. Aput from th• t:trat t)look$ on which 



ource 

Treatments (T} 

Error {b) 

TABLE III 

SUMMARY OF ANALIJio OF VARIANCE 

OF THR HOID DATA TRAINING I:lt.I 

df F 

2 7827.38 52.29 

57 149.69 

Serial Position (SP) 2 2265. 91 75 .08 

T x SP 4 l99. 0l. 6.26 

Error {w} 114 30.18 
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p 

< .01 

<. .01 

<. .01 



6' 
hold scores tor the ada tion roup higher than tor th oth 

'Ut!DU'10tan 

anal)'a1e ot Yar1MOe or the d t.a 1o preeent«d in Table IV. '1'b sig

nificant in etteot ot 8M"ial po$it1on au 17 cont1rme 8g&1n the well

qtabl11hed proaot1ce teet., ard is of Ut.tle inter• t her • The e -

nit1oant main ttect ot ~ 

niticant tro tm nta .x • rial poaition intel"&ct1on appoar tJoom Flgur~ 3 

to be •inl.J attributable to tb 4ft; tion sro p. This 

t t (fVan, 

1959) to th o that 

th tor the daptat1on , up dittered troom th ns of the other' 

.. bree groupe (p< .05) 1n all cues, WhU.e non& o.r th latt r three ana 

41f'tored from ee.c other. 

nee ot th data tor th tirat block or words 

$hoNed the effect ot t r a nts { th&t 181 different t or pre-train• · 

ing) to be 1gniticant (P • 7.06, with 3 and ?6 d grees or ft· edoo, . . 

. a th caao tor th over-ell ptation 

h Ot.het' three 

did not ditter f: 

ups (p < .OS) in all tJJre oases~ but 

oh other. 

t thtse 

Apparentl71 pt'e-tra.1n:il\g With r11ttorent types ot atbtulus mat

erial ba4 no detectable ettect on either the ov rall or 1n1t1Al tbr -

hold ot the t t Hriea. Recognition of high trequ 07 words, low 

wordes, or nll!lb r 1 J"eaults 1n the s 

tranater to the recognition of low floequene7 wo:tda. On th other hand, 



Souroe 

Treatments (T) 

Error (b) 

TABLE IV 

SUMJ.!ARY OF ANALYSIS OF VARIANCE 

OF THRESHOlD DATA 

Teat Series 

dt 

3 1057.04 

76 252.60 

F 

4.18 

Serial Position (SP) 5 1259.56 6).81 

T x SP 15 82.14 4.16 

Error (w) 380 19.74 

66 

p 

< .ol 

< .01 

<.01 
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simple adaptation to the tachistoscopic situation appears in no way to 

facilitate perfo~ce on the recognition of low frequency words . Ex

amination ot Figure 3 shows that the first three points o t he curve 

tor the adaptation group are practically identical with the t hree points 

for the pre-training curve for the low frequency word pre-training 

group. 

It may be, nevertheless, that the di!terent types ot pre-train

ing did have an effect on performances on the test list, but of such a 

fragile and transitory nat ure t hat it is not detected by the thr shold 

measure . This is suggested by a mor e detailed examination or the thre

shold scores tor the first three test words. A Tukey1 s multiple com

parison test or the treatment means of the first test word for the tour 

groups indicated that the means of the low trequency ·and numbers 'pre

trained groups differed significantly tro that or the adaptation group, 

(p < .05) while the high frequency trained group did not . It would there

fore appear that at this stage or training, the high frequency trained 

·~up , ere responding in a manner similar to that of the group trained 

in the absence ot stimuli, r ther than like the two other groups pre

trained with stimuli . However, tor the second word in the test list# 

the threshold scores ot the high- frequency trained group dropped slightly 

below those of the low frequency- and number-trained group, and the 

three groups continued at approximately the same level throughout the 

remainder of the t st session. 

It will be recalled that Solomon and Postman (1952) suggested 

as part of their interpretation ot the word frequency-recognition 
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threshold relationship that the tendency to respond with high frequency 

words interfered with , nd thus raised the thresholds, for low tre-

quency words . An analysis of the pre-recognition responses of the 

subjects in the four groups does, in fact, suggest such an effect tor 

the first t est word . l What was done was to note the last word given 

as a response b,y each subject in each group prior to the correct res-

nse to the first stimulus word in the test series . The frequency of 

occurrence of these words was then ascertained from the Thorndike-

Lorge (1944) word list. 'Alben a nonsense word was given, it was assign

ed a frequency of zero (O) .2 The mean frequencies of occurrence of 

t hese responses for each group are given below with the number of re

sponses on which the mean i based being shown in the brackets follow

ing each mean. The mean.S are: high-frequency pre- training group, 18.0/ 

million (14); low- frequency pre- training group, 1. 5/mUlion (10); mm

bers pre- tl"aining group 18.6/mUlion (9}; and adaptation group l S.2/ 

million (14) . The only ene of these means that is apparently differ-

ent is that for the low frequency pre- trained group. The effect of 

pre- training on this group resulted in a closer approximation of their 

responses to the f'requency of the stimulus words . Pre-training with 

1. It must be noted, however, that although subjects were in
structed to respond to every presentation of the word, they were in• 
consistent in their behavior, sometimes res ndin& and sometimes not .t 
'!he pre ... recognition data are, there!ore, fragmentary and can be taken 
only as suggestive. 

2. The presence of these nonsense respon es accounts tor the 
relatively low average frequencies reported . 
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high- treqQency words, numbers or blank white cards r sulted in almost 

identical frequencies tor pre- recognition responses . Within the limits 

ot this experiment the effect of pre- training on pre- recognition res

ponses is t best , puny, and is of little help in explaining the thre

shold data obt ained for the test series. 

DISCUSSION 

The failure in this experiment to demonstrate a differential 

effect of pre- training with high or low frequency words , or with numbers 

on the recognit ion thresholds of l ow frequency words is somewhat sur

prising. Particularly unexpected , on the basis of Experiment 1 1 i s 

the finding that pre- training with h~_gh frequency words facilit.ates the 

recognition of low frequency words to the same extent as pr - training 

with other low frequency words . It may be that the response probability 

ot high frequency words buUt up by pre- training declines rapi dly when 

the nature of the stimuli to be recognized is abruptly changed, and 

that the threshold measure is not sufficiently sensitive to detect this 

effect . Alternatively, the recognition ·>Ot' nine high frequency words 

may be insufficient t o increase the response probability of high fre

quency words to an extent which would have a demonstrable effect on 

the threshold of low frequency words . This possibility receives ten

tative support from the analysis of pre- recognition responses since, it 

will be recalled , the frequency of these responses for the high fre

quency group did !!2i ditfer from the frequency or thoee given by either 

the number s or adaptati on groups . w'hen high and low frequency words 
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re randoml7 intermixed however, as was the case tor one group in Exper

iment 1, the effect on the threshold, and on the threshold decrement is 

substantial. 

The results or this experiment seem to clearly support the view 

that the tachistoscopic recognition or a variety or stimuli results in 

the acquisition of a skill which facilitates the recognition of a quite 

different type of stimulus material. General adaptation to the tachis

toscopic situation does not appear to have any such facilitative effect 

on the recognition or actual stimuli . One aspect of this skill is exam- . 

ined in Experiment 5, reported below. Prior to that , however, two 

further experiments are reported which attempt to extend the analysis of 

the role of changes in response probabilities in accounting for the word 

recognition threshold decrement with practice. 



CHi.P'rr. FIVE 

L.n..,.nunT ) 

A augge ted interprnation ot the tailu.re 1n ~riment 2 to 

show an expect ditterential etteot ot pre-training with high low 

frequency words on th ubsequ nt recognition thresholds or low fr -

quency words, s that recognition of high trequ cy • 1n 

traini was insuttioient to increase the respon • probability ot words 

in that tr quency class. It s 1 further, that recognition or any 

ot the et ulus t 1al employed re ult in the develo nt t a e 

eneral skill in tachistoscopic viewi.ng which transf rred to the r eeoe

n1 t.ion ot low trequoncy words . 

1be pre ent xp ri t toll011s up these aug ution • 51nc 1n 

. Expell"J.ment 2 only one unt (9 it a) of re-trainin w s iYen, thi 

was var1 in nt .3. Specitically, dlfterent group of subj ta 

were- given on 1 three, or t enty-aeven pr -training t.J:oials with high 

trequcn y wo a b tore being presented with a c n list t low tre-

q 07 Words to reco nize. It s t elt that recognition ot ttotent7-

even 1gb. trequenc7 orda should raise the respon e pro bUi t. · ot 

words in this clu enough to 1nteri"ere with the recognition ot low fre

quency words, at leaet initially. Further, this pro.e ur should pro

Tid info tton. on th way in which amount or pre-tr inin& with one 

type of stimulU$ terial attect the developm nt ot a general skill 

in tachistoscopic recognition, and t.h extent to which this transf ra 

7l 



to the recognition ot different et ulus terial . 

METHOD 

Subj cte 

The subjects were 30 male and 30 f le sttdents att nding the 

Introductorr Psychology course t 1-!c ster Universitr. Their a e 

ranged fro 18 to 30 ;r rs, with a mean or 23.6 1 ars . 

timulus ter 1 
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Two lists or se n letter words were randomly eel ted from the 

Thorndike-Lorge (1944) word count. One list consisted of twenty-aev n 

high frequency words, whU the cond llat was mad up or nine low 

.frequency words . . ch word was typed 1n black, elite c pital letters 

on a white card. 

eri tal Des 

e sixty subjects w e rando y assigned to one ot t hr e exper

iment al groups, which differed in the number or high frequency rds 

presented in pre- training. The groups were tr ined with 1, ,;, r 27 

words, whic were chosen randor:Uy fro the high fr qu ney word list. 

Ir:mediately rollowi.ng 1 and without any interruption i procedur , ch 

subject vas JI' fh ented with the a e li t ot low frequency words. In 

all eases where a list consisted ot re than one item a different 

orde... a obtained for each subject b7 shuttling th t&chisto copic 

cards. 
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Procedure 

The procedure was identical to that ployed in periment 2. 

The initial exposure of high frequency words was 20 milliseconds, while 

for low frequency words it was 50 milliseconds . 

RESULTS 

The threshold data are presented graphicallY 1n Figure 4, 

where only the vera.ge scores for the la t word of the pre- tr 1ning 

series re shown. An anal.y is ot variance p rtormed on the ) st word 

ot pre- training rev led that the effect of treatments was highly ig

nificant (F • 25 .411 with 2 and 57 degrees of freedom, p < . OOl ) . This 

i not surprising in view of the marked differences between these thre 

points in the Figure . 

A summary or an analysis ot variance performed on the te t data 

is shown in Tabl V here it can . be ob erved that the effects of treat

enta (amount of pre-training) and serial position are both significant, 

. while the treatment- x Perial position interaction is not . It is ob

vioas from an inspection or Figure 4 that the treatment effect can only 

be due to the difference in threshold scores between the one and three 

word pre-training groups on the one hand , and the twenty .... seven word pre

training group on the other . 'lhi.s observation was confimed by Tukey' s 

Multiple Comparison Test (Ryan, 1961) performed on the treatment means . 

(p <: . 05) . 

Figure 5 depicts , in a different form than Figure 4, the relation 

between amo t of pre- training with high frequency words and average 
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3ource 

Treatments (T) 

Error (b) 

Serial Position (SP) 

T X SP 

Error (w) 

TABLE V 

1UMMARY OF ANALYSIS OF VARIANCE 

OF THRESHOLD DATA 

Test Series 

df MS F 

2 1294.12 7.04 

57 183.77 

2 964.68 55 . 98 

4 24.75 1.43 

114 1961 .. 34 17.23 
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p 

< .01 
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r cognition thresholds on the first block ot three low trequenc1 words. 

It will be noted that, in this igure, re ult !rom the up 1n tx-

periment 2 which recogniz,"Od, nine high tr qu cy words are .shown along 

with the nsult!'J or th three groups fro this xper ent . ~1 rly, 

th ~hreabold tor t.bi fir t block of low rnquenat words i a. neg

at1vel1 aeoelerated decar function ot ount ot practice on pigh f[e~ 

,9.UC!!l:$% words,~, 

'!be la t response b7 all sub joe~ a prior to corr•at r .cognition 

o! th tir t trequ ncy word was · ·.in to see it IUl1 et'feet ot 

amount ot high trequeno,. tr ining could be d nstrat • 1 This would 

be the c se it the tr uenoy ot pt recognition responses varied with 

the &!!'.oW'lt ot pre-training. Tbe avorago trequenc or these re$1-'0tl a 

(Tnorndike-Iorg 1944) with the number ot responses upon which the 

avera,e ia b sed ap aring in brackets, are 1).67 (15) , 1 . 29 (14) and 

1.3. 50 (lS) tor the 1, 3 and Z7 word trained groups respectively • . Thea 

averages are littl. different trom each oth l"• and :t. d1ff"ereneos 

there are bear no relation to amount or pre-training or to the thresholds 

or the tirat block or low f't' uenoy tea . word • 

l . The aame caution ia given hero regarding these d ta as was 
gi von in -.xp~!"im nt 2. Je pite explicit instructions to resrcnd to 
8V8£Z preaonta.tion or the WOI'Ida, subjoat.e failed too do 80 1 with the 
re t th t t;hes ata re tra entary and of little r than s~est-
1ve value. lao, as in ixperiment 2, the pHsenoe of non ense re -
pons a ,w ich wer assigned a frequency of zero, acoounts t r the r 14t1ve
lr low av rage trequ.encioa r ported. 
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DISCUC'3I 

The results of this xperiment eem quite clear-cut . Facili

tation of the r ecognition of low freguenc;y word is clearl y function 

of t he amount of prior practice with high frequency words . There is 

no evidence at all that the recognition of as many as tw nty-seven 

hi gh frequency words increases the probability to re pond with words 

from this class beyond that determined by recognizing a ingle high 

frequency word . Such an increase in response probability would seem 

to be t he only way in which recognizing high frequency words could 

interfere with the recognition of low frequency words~ and so raise 

t he threshold. The only condition under which uch interference effects 

app r to develop i that which pertained in Experiment 1 . When, as 

in that. case, h1gh and low frequency words are intermixed, thresholds 

f or ~ f r equency cl sse are raised . 'P'tis finding . would seem to 

have important implications for a. theory of the word reco hition pre

cess, and these will be fully discussed in the final chapter of this 

t hesis . 

It i of course impossible to generalize beyond the conditions 

of this particular experiment . Nevertheless , the finding that L~rove

ment in rform nee in the recognition of low frequency words was 

directly related to amount of practice in recognizing high frequency 

words , may be t aken as pr esumptive evidence of a more general relAtion 

between ·tachistoscopic practice and performance . That is, skill in 

tachistoscopic recognition is a function of amount of practice, and 
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independent or the type 0 stimulus material employed . Thi general 

statement is given some plausibility by the outcome of this experi

ment ince negative transfer effects in the form o interference would 

se ore like y from high to low frequency tords than for less similar 

stimuli, and yet none could be detected . Further, considering the 

results of Experiment 2, the same amount of training with high fre

quency words , low frequency words, and numbers , facilitated equally 

the recognition of a common list or low frequency words . This, too, 

\i!ll be the subject or fuller discussion in the final chapter or this 

thesis . 



CHAPTER <>II 

EXPERIMENT 4 

This experiment i concerned with a somewhat different aspect 

of the response probability-recognition threshold problem. In the 

previous experiments, attempts to manipulate response probabilities 

have been confined to tachistoscopicallz presenting the class of 

stimuli of interest and then inferring the effects of this procedure 

from the thresholds of different stimuli . It is also of intere t to 

determine if response probabilities built up outside the tachisto

scopic situation will transfer to that situation. ,hat was done in 

this experiment was to present different numbers of low frequen~J 

words to different groups of subjects using a non-tachistoscopic pro

cedure, and then have them recognize different low frequency words 

presented tachisto1copically in the usual way. 

It has already been shown that th& frequency with which nonsense 

syllables are presented to subjects in a non-tachistoscopic manner has 

a. large effect on the subsequently determined tachistoscopic thresholds 

for these same words . Indeed, in a study of this type by 3olomon and 

Postman (1952) the drop in the threshold of syllables presented only 

once, as compared with one not previously seen, was greater than the 

diff renee in thresholds of syllables presented once and twenty-five 

times . Thus it is clear that non-tachistoscopic frequency of the same 

words does transfer to the tachistoscopic situation . Of course the 

78 
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the whole word trequenc7 effect in tachistoscopic re ognition is based 

on transfer of this type . 'nte more often a word is aeen and used in 

reading an speaking, the lower its tachistoscopic threshold. 

Th question of whether varj~ the nu.ber of times a subject 

... and • with initial low base probabilities Will affect 

th probabilities or other words in that frequency class ~ .their 

tachi tosoopic thre olda, is one or tome inte est . The preaent 

experiaent is an att t to investigate,this problem. 

OD 

Subject 

The aubjecta were 30 male and: 30 female s tu:ients enrolled in 

the Introdu toey P Y'Chology co-ur e . Their ages ranged 1'ronl 11! to 20 

years, the & rage age being 19. 2 years . 

Stimul Material 

Two list of seve letter low trequ na,r words were randoml7 

chosen !rom the 'lbornd.ike-: rs• (1944) vo count . Each or the 81 

word.a in t e first l1 t wu t 
, 

in black, elite capital letters in 

the ent t a three inc by five inch white card and conttituted 

• - training lilt. 

list wa typed in the 

presentation. 

Experimental De 1gn 

oh of the 18 rd Vhich made up the test 

print on a white &rd !or tachi scopic 

The 7 ubjeota wer r&Jdomly aasi ed to one ot three ex-

perimental groups with the r striotion h t the be n eq n ib r 



so 

ot .. and tealllles in each group. Sach cro~ reoei pr ... t.N.illing 

with e1thw -'• 9 or 81 ~· choMn t:rom the oro-tr&i1'\in~,; list. 'Ibe 

test. ll•t. ot 18 \IIO!"da •• identioal tor the tubjeots 1n th• three gro•. 
/ 

BetON be1n& ~. the ) 1 9 81 pr~ ards wer. . 
8butn and a hold.-~ 1n ot tiM · • 

aubjeot. 1Mtr\&ot.ecl to lock t ~~aut tbon to 

~ 1t. out loud. At the .nd ot tive aeooade, t .,..u.m..-
the , aat a MW w.a • lh1e sroccdure ,.. 

repM.t..t unt.U &11 of t.M • 

rollOVine n1.Da t.b4J abject -. aeatect 1D t rorat. ot 

tbe t cb1no. aa1 preMI'lted with tbe tollt liat ot · lS vonla f, 

rioo&nit.toD~~ The ~p1o t.1 to t.ha.t, tollow-

~ ...... -.. 6 t.s t.he tbrea l4 to ·\be grcupe u 

uaa'~a ot b1oob or tbne •• A .-1'7 of M aM1781• ot 

1anoe ................... .., ..... out on tiMM data is ebown 1D Table n, where it oan be 

17 ailnUlcant etreet 1a t.Mt of aer1al pos1tt.oztt 

Although the teot. ot ·t.N&\!U!Dt.• ( tor~) waa 

, :ro. .... -. Te (R)'an1 1959) w.a applie4 to the owrall 
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Since the tiret blook. oi' worc:te aholll.d :reveal the greatest etfttct 

from th• ditf'erell't 8mQ\Ult.ll ot J)rff-tratn.:tns. a sepa.r4te a.nal)-sia · of vu ... 

iance waa pertol'Jii8<i on these eco~•• but , again, no e1snJ..Cicant ditter ... 

erroes were found- between the three graups. 

Although .tbe effect of a.ount ot pre-training 1a not eignitieant., 

it will be noted troa 'F~e 6 \;hat the· t.tu-ee &-l"oupe t.l'e in the expected 

ol"der .. lt the average threafu,lti on t.he t1rat pre-t.raining block tor t.he 

low h:-equenc1 group 1n Jtxperaent 2 ia inclu.d4ki with the com.parable •• 

tor the throe gr?Up& trom this Uperiatent the obtained values 1n milli-

econde are 147.8 {0)1 ., 1)9. 0 <.:0, 128. ) (9) and 117. 3 (81) . Taken~ 
o:rde!' of magnitUde then, these aeana correl$te pet•tectlf With amount ot 

r~e...:training. :r.hi• 11&7 b• taken to Bt;~g:gee.t that u· a au!ticltentl)r lA;tse 

number of wot'de were presenteeS. during pre-train~, rhapa apractioabl7 

large, a1gn1t1cant ttf'fect oould be dnonatrated. 

trate 

DISCUSSlON 

The interpretation ot thl!fl failure U\ tb1e ~eriefmt to d•Ol\..

etrect of t.h• pr~tz-ainins procedure ill not clear. It u7 be 

that tho procedure fall to at:tect the base t'811pOIUJe probabUit7 of 

low treqllenc)" word• . Alternat~n1)-., it '1141 be that. the base probabU1ty 
~ 

was 1n tact. incretused bUt f4lilad to tra.nater to the· t~t.eh:iatoacoplc 

recognition ~Jituation. 

l . !he nuaben 1n bracket.• refer to the rwraber or worde 
p~-e ·· ntect in pre- tra1A1q. 
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'rhere are two linea ot evid nee that show that the response 
' 

probability !oro a elate ot word a can be increased . The f1ret ia r epre

aentecl by an experillent by M&ltzman, BogArtz, and Breger (1958) . In 

thiB atvdr an uperiacmtal &roup was required to -.alee five c.t11'terent 

aeociati il to each aellber o! a eet or atimulu. it... . A control 

aroup -.cle onlJ' one aaeociation to each et:1m.ulue item. Both groupe 

~ere then preectecl with a new list or worde tor aaeociation. The 

author• reported that the titth association ot the expertmental group to 

iteu in the training liat 1ncludecl more . •unc011110n • (that is, low tr~ 

quencr) _worda than the tiret aeaociat1 . • • Aleo, the experi.laental aroup . ' . 
responded JtOre often with . ' uncOBillOn ' worcie in the teat liat than did the 

control group. The conclusion ~ that practice in saying 'uncoitaon ' 

words in the training aeasiOil increaeed t ·he reapor_use probabUit7 o! thie 

clast ot vorda aftct that 'thie effect traneternd to the teet • eriee. It 

is releTant to note t.hat the transfer observed in this experiment was 

trom one eituation to another M!h!I e1ll1tar: a~tuation. 

The second line or evidence is represented by the Hewbiging anci 

Hq (1962) etud7, which was deecribed in det in Exper!Mnt 1 in the 

present aeriee. In this e:xperimen , evidence wat reported which sbowecl 

that the reaponae probability o1' a claae ot worda incrft&eed aa aucceaaiYe 

words from that gzamt claea were presented tor tachietoacopic recognition 1 

and that thiiJ accounted in part. tor the obeerved threshold decrflit'.lent 

with practice . For example, when a DUMber of low rrequcc7 word.e were 

recognized, the responee probabillt;y ot this class ot vords increaaecl 

thie \t!Hl~f'e~ to the eit ti repreeent-.ct b)' the next low tre-
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qu cy word presented tor recognition. Ae in the Maltsman, et al (1958) 

uq, the observed tr ater ot response probabilities was trom one 

aituati to another highq similar one . 

ea two linea of evicience are conaiatent in auggeating that 

the response proba ility of low frequency word.a aa a clue can be in· 

creased and that thia effect transfers to aituations similar to that in 

which the increae occurred. At the beginning of this die aaion, two 

altern ti e explanations tor the failure ot the pr - trainin& procedure 

in the present experiment to JUI'liteat an effect were suggested. One was 

that the pr.-trainin& taak di not reault in an increase in the r eponae 
' . 

probabil ties of low f quency word 1 the other that the pro bilitiea 

w.re increased but ta ed to tranater to the tachistoaeopic aituation. 

The second of theee two ae more likel7. 



fh results of the preY1oul7 ported experi.ltonta, particularl.7 

Exper ents 2 and ' • augaeatad that one ot the major ette ta ot practice . 
•• the acquisition ot IOIH general kill 1n hi to1copic viewing that 

vas ind.epend nt ot the atiJDulus Mte l on which the p tice li&l gainecl. 

Thia kUla red to &COO t in t.ant1&l tor the obaen 

uoceaaive word were recognised . In Experiment 2 

it wa noted that prac ice with &n7 one ot high trequenq wor4e, low 

fHqu 07 rclo, or n e , t oilltated equal.l1' the recognition ot low 

7 word • Aa 1 eral adaptation to e experblen situation, 

in e fora ot re pre1entation1 ab exposure field, wu d 

01'1 trat to have tteot, it • eel clear that it was the cognition 

that wa i!Qportant. • result• ot Experiment ' support 

rilllent it hown t.b&t tbre holds ot low tre-

qu C)' word re a t t1on ot e unt of previoua p tice in 

It occurred to that one OCIIlponen ot this general ta hi to-

pi aldll mi&ht lea 1ng pre is ~ where to fixate prior to the 

all ot the ex:p r 

contain onl.7 two 

h preeen tion. It w.Ul reoall that 1n 

, each four 1fl •• in len.cth 





'lhe nbjeot.e were teA llllle and t.en taale etuclent.e attendiD& 

Hamilt T a ere ' College. Their ape ranaed trODl 19 to 24 7eare, 

h an~ e ... be1n& 20 ,.an. 

terial 

The liet or 1 treqv. worcla tha wa'S prea ted 1n th 

t at aeriee in ~illlent 2 ~ uect. ch woJ'Cl ,.. a en lett ra in 

1 h, and a tnqu 07 ot oc urrence ot ce per three 111111cm 

in bla k, el "e capital et.ten white 

c • • 

... ~--..Ma4 Dte1gn 

The ubj ct we a e1an to ot t. experia t.al 

upa th the t.r1ct1on that t ~e aal.ee five t ea appear 1D 

each aroup. tnat t of the IJ'OU tt1ttered OAl7 th reepect to 

the pr e ce t abeence ot a t ti point 1n the Pft-OlltDOeure field. . 

pre-expo 

tain a t ti po 

field or the aubJ ta 1n the fil'et croup con-

le letter the word. 

preaent d e it. For the nd 

p ot ubj ct , the field -w ~·t 11' blank. Tln&a, 

t ae a jeota no aid in l04at1n& be poaition whe the rda 
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prea e tq the :poait.icm. 

ot the bJect 1n both croupa •• preaat.ecl with the 

id tical liat of 18 a tor t.aah oecopic reoo :ti • 

of ditterent aada. Ol'der to each aubJ t . The 

in:lt. «XJ:IOIRll'e duration tor all worcla for all aubjeota wu 50 aill1-

eo • 

aBSUL'fS 

'ftle threabolcl 

a 81'-Ar'T ot .an anal1111a ot vari 

1n Ta VII. Aa w1ll be aHA t t 

......,.__. on t data 1a pvc 

th e aa1n ett a 

ot trw~e•~cW"ta (fixation Ye u no t a1t1cm are 

aicnUi t, u th trolit:.Dent. 

ah that be prov1 ion 

c1 e t ti po ove 1 ower thre u 

t1xat1 aid provi eel. 

1al poeit inte apparent. 

7 e The t. 0 Jn"'ft\l'ft!'l R'-lOOrll lddel7 ao • 

:rop 1n hl'Oaho ion oup 

p 1n ita t at t t lwel ott. 

t ita aneth. 

ahOWOCI that the t 

(r- 2.31, with 1 

up t cb'op poacbaall7 th 

the blo 

ditt at the ot 

1 cl ar•e• of t ' p < . 25) . 

ur1ns h• 
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FIGURE 7. Average threshold in milliseconds as a function of 
serial position of words in groups of three (Experiment 5) . 
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TABLlt V 

SIS or AR QS 

p 

'l'reat.aem.a ('1') 1 ,.. 7 0. 23 <. 
£nor ( ) U0.9'/ 

p 1 1on (tJP) ' )2,5. .sv ~ . 

't X SP ' 2. ' < .os 
:r (w) 11.s 
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tv 

tb t 2 
{ltl) ' 

(aT-1) wit.h the •'~ow.1o111 \o .taleb 

t.loll-. 

1 
• 

1ut. 

" 

t. t .a, the t -

• of ertaia. 

Dll!l!"::ll..-:~n 1 ..,_ l.tt. in the N81J)OC280 tlll8ftl that. WU • .. 
po 

a1 

' 

• (~) &1'f' 

;u.;w...J.QF tl!."aleedure waa oan1od. 
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• no-tixaticm aroup, and tor the laet. re ponaea {Rt-1) of both &J'OUpe. 

Theee totale wn then c u rc t.aa•• ot the total poaoible 

nu:me.r ot pointe. Tbeae pe entaa are plottecl a t lett r poa1t1 

tor h 

:klrt att.hel r 

tor the fir t rea 

Uar a:c0)11; tor lett • in po it. ?. 

tend to be~ a 

:V!tt:ftftt.ll' tha fixation 

n ot th lut 1 ttera in it til'llt ro ae th 

0 the 

7 w , 1n tact , 

t (u - s:t.s, P < . 002). 
I 

now the uppttl" pair or c 

ta haft inc of the at ua lattare 1n t air RT-1 

broughout h 1r lenct;.be, the ditt r ce in the lett 

po ltiM ha 

U Teat tot 

It a to be not 

(U llO. S, p > .10). 

er hat t.h apo&\U"G d.urat 

1cla he t • it fir t , 

aborter han t •• at wh1 tk no-t t ... 

(the &Yar e aur ctu.rat aeaoc with 
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thi response tor this · roup w 62. 4 iaeconda)1, d the RT-1 

real'()nae on th fourth pres nt tion (79. 0 ) . The no ... 

fixation group, the ot r hand, e ita first re pon on the thircl 

p ea tat n (?2. 0 11 oco ), the RT-1 re pon•e on the sixth 

pre • s , follo 

the fir t ra p n e the o-tixati group requir appr tel:r hree 
~ 

additio pres nt tion o tho at 

at RT-1) aa th f ti up cain 

( t is, ec to fourth) . Th1 

point 

t succe iv l7 1 er 

r ot letter• (t t is, 

1t1on expo ures 

ou.at~ratn>l, the , t t ith a fixation 

ed o succeaai 

posur than 11 t a oa without such d. Further, it app that 

it is the r cognition ot letters at the an ot the •t U8 wo that 

1 tacilita b7 the fixation po • 

CU Sl 

'l'h tin in thi 

lott rs of tach1atoecopicall1 wo njo;y 

a t a cone m 

rth, 1938, pp 742-744) 1 for pl , cu e for th 

reco qu nc t lett ra a tunctio ot 1 tar 

itio which to the cu.rYe in 

F re • Mor reo tlJ, c rve 

1. so 1-



tor th rc t t letters recogni in nine-letter wo a function 

ot lett r ition. 

t in • Th ae author c 

like:X,. to 

e t th 

p. 99) .1 

n u-
it ion, 

a t the 

in th curve t t we re 

t a ) 

e pita f ti t th dle" (19~7, 

rather t 

co itute tho u ent tor the ideat1t1catio of 

tachiet well tabll h d . 

The c tri tion of the p, ... ,..~-=u 

provision ot a preci • t · point facilitate the r cognition o 

·the n c aary 1 ttera .· 

whi the tixat1o 

int ex rt. thia t cU1tat1Ye ttect . In o ot b1 

b th on the r 1 1't ot tix-

ati 2 point . Under th a co itiono, h to t on 

t 

H ron int o two t 

develo oY nt, at ve , 

2. hi ia anaJ.aaous t .o the 1tu ti to.,.- the fixation ou 
in thi exper t 1 sine th f tion point w a t directly below 
th ddle letter of the wo • 

' 
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the qea to the l•tt o wb it pre nteci. 

con 1 ted o fr le to right to the ott 

0 t e t ti po t bt 

t. h 1 tt , ainc th 7 

the • ot the 

t ti point . It thi the v ep 

the qo i" idlT to th t th ori dur aure, d 0 

1d tit er t • je • thout th tix&t.1on 

po J ' 
t )1>e r it, 0 1 a pr 

a 11 t hewo • 

ort dur tio to c 

' ble 

s 

h ti hr hold 

wou 1l th t.1 orr ct. in 

it 0 uppoee tha ior to rdp se tation 

ion o t se aubJ c s wo e S®lewJI'la~ erratic, th rencl ring 

ti 

point re t. . 

hol oft e 

roup, it t lls t ccount. tor t t ot th t th thr shol a 

tor t terent t th e t the 

th co rse or the exp 

the t t1o of • obvio a a 

JUat ho thi t h oco red 1 ot entir ly cl ibU-



95 

it that , with otioe thi 

the loo ~i ot t wo to 

oup aoqu 

pr nt 

soma protici 07 in j a
o th b 1 of ou pro-

vided b7 the 

o oto orv 

Altho 

at • well ae a 

ir ot c parie 

ht account 1 ill part , tor he 

1n this erie • Sine he urcs•U..LIIIU 

wit epect to the orisont pl. 

ult to •• ho the wo hori& tal lin 

ftltl~ril:!l!!llta co 

c • .......... u .. have 

.._,"_ru po t . 

, w augest. that 

eit.i n of th at word. 

tt ct ob rvacl 1n oth r 

ot the at ............... .v 

to be oruoi , it 

on ot cb h lp. It aht tho o 

woll b that oY ant in JUf.l,sr::w:nt or the t er to 

tachiato cop 

ova 

u.l 

nition pr vi 

' tb 

ntion · • 

r co -

ar-
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CQIOUISIOIS AID OISCOSSIOI 

tho7 I"'la, 

(pt1U.. lA ' o.t tll 

If' 4 • • a.th 
te t4d.ob ttaU7 -. ~-

'14¥!0!";,u to ,. in tb toP. ot 

~·IIJ~ whtell, \AWn t.h ot tb• OQeftllllll1t.D 
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rate ·· · ~ ~ vttJt , · Uft _ the ro~ oon-

·( ) · '" ~am- ·to '-· ~·.a _... · b:OII tb• 

~~807-. oJ.u J ·~\toll, t.h• NCIO&n.ltlon ot a n -. 

ot · ._ ~ t.o 1ftalfie&J:trc. tb6 .prebabW.\1 ot 

o'thaP $.A \bat : tr-aq • Mt 'lftm~~~ 

pr . bW.tt tMUt ;te the ~ticM « 01i' JI)G0~1tt.)7 .J*'OQII~ 

~lA,. (~1r~Gzl\ l) 

tf .. 
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(b) When tblt words to reoogni 

oon:li tion, ~ reoocn1 t.1on thl"eehcld• 

and a. ret&rdat.ioo ot t.be rate ot thrMhol4 ~ With praotlce 

are obe._...,. . with the t. u.. ot von• 
bOIII~IOUG witb l'e fNcpnq •. (~ 1) 

2 •. ttte _,...-", ... ot -1n1 a4 • ~ 

it Uon bQ no 

p1o the 

treQUan# olua. 1'Ntu!tv of Qilt. lJP 

) 

ot 

ul1 t 

• ,~~.nptcr alt-.tioft •r'PMH 

•w.aau1.01. ..-. a a.~Lntnc 

2-m~Ndcnt ot the na 

n.l'l~. $tJ.m ... 

p1tion ot a ftl"!et.r ot t . ....._ ... 

aco:pa.o DOJ"!'Ol:OC:Urli'IO t.bro the 



5. In pt~Lrt1 the g._..l aldl.l in ~ ~· o .NOOpiticn 

.... to ooa1ut. or ~t. in j\JlaSac the po81UQQ ~ the 

ot.U, it 

appca.ra U.\ it ocniUon ot U. t t 1 ,...._ 

Uoulvlt elpecl ud tha t. ,. aloft~ Wit.h the t t. 1 tt.era, tbe 

t et.feotin Sn aidtnc the Utioat.iolt of t, ~. 1be prorls-

ioll ot a ae tiatioft point 1n the pr·e-<~m:o_.• tielcl obn&t.ea 

the tth' nt. 1ft Jw.Sdna et1aul• J»*1tion• with the ro-

•ult t. f.D1t1&l ~ are •1p1t1oantl¥ • (Experiment 5) 

oJA~•ta otw 

ncomn.Uoa ot 

'" ...... _. the r Uon ot lalf 

n'OI:Ntllt07 ..,"" reoopi 

Rbsseqwme.J3 rn-ei~Gt.C\1 low trequcftCIJ' WOJ!CI8 • 

otb 

bab111t7 hQ1p¢n4QO arJl f. f.h18 WOuld 

NOO&Dition ot low troqut=QOY Wl'Cl , 
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their thresholds. 'lbia is what •••ed. to be happening in t.he case o1 

the mixed liat in Experiment 1. 

The apparat. oontllot. between t.heae reaults 'IIJa:'l' be resolved 

on the ie ot two aaaurapt,ione . Firat, u that the response 

prob&b111tr ot hi trequenor wo is a.symptot'ie prior to the experi-

us that the reaponae probabilitT ot high frequetn.o7 l!IOl"da can, 

erilaental .nipul.at10JUJ,. which include 

t.he intend.:xin& ot low trequeno7 worda in a l18t p sented tor reco 

nit on. The uta prennt.ed in 11gure 2 (tollowi.n& pace .5.5) mtq' now 

be re exam1n.S. in the light ot these aasll'llPtiona . 

Consider tirat tb• lower two aurYea 1n the F'igur which 

tor high u.en 7 words . On the basi• of the til"at uauaption made, 

the d rea 1n tbresholcl• with praot.ioe obterTecl tor the ho1110gano 

hiCh trequenq liat woulcl haft to be explained. aolel7 in terma or 

the general •kill in taohb pia viewiq wtdob •• prev1oual.7 

ret erred. \o aot.l which is the aubjeot ot tuller ieous ion below. 'lbe 

JIIO &radual d. eaaa ot the o 

troa the a1u4 11 t. (the two o 

baaed o the hish trequenCT rde 

1 are e1pit1oant.l.7 d.itterent by 

the an&t ot praot1oa~ at t.ributed to the raoo&Qit.ion ot the 1nt 

m1:x8c1 low ~ woria the r e ponse probabill T ot high 

tr.quenq rd , an4 ao raiainl tbeir t.hresholcla. 

Turninc now to the upper pair ot a na tor low trequeno7 

wrcla, the ditterenoe 'between the one b&d<l on the a1Xed list and that 

baae4 on the pnoua list. 87 aiapl7 be due to the ta t. t.bat a 

1 ' I I • I • 

' ' ) I ·~ I I) II \ I 
f. I J I l . \ I I 

I·. :1 ; I 1 /.• ,j ; I t'' 



I!El!!!!i~.Jlll~QE..J!l...lSLr.tstmt!lDIIX.Jii!l!:sla.Jf!!£!...11!92!Wb1Ul\ 1n t o •• ot 

the llOiiK)g' It w:I.U 

t 

noall that t.h pointe ot t.bllee 

al.uee t .ach bl k t 

00 

curYe are baa on 

eix obtain • 'lfhU tbreahold Yaluee ahown tor ca. ble 

e 

t 

2 

lnt.a on be mt1:0v.n a rial 

1t.1 in • 1 at , t ere a portent. ditte ae. The ditt

on the aixed. liet the e 1e t 

Ue 

t. 

t..lmir11'l1Ual¥ then, bj eta 

oua 11at r 7 VOI'da ae 

r Itt bilit7 ot 1 1e 

ot th rot I tb 

the wo 1n tb • Will'· 

t.o n-nta 

J. tar a 2 8 CORC 

tor the tille 1q o th r ·ault o t.ain .ainec:t 

ot the t 

relat 

It 1 

• 
• 

......... ....,.with itt 

or o he rGc:omulf 

• 
t h1ch rrec:men 

1n 

., it 

ot.ic prior to tb owa1g""''.u ' thie ault 1e t urpr 

am.oum. ot tr ina t.b t"rCJQWencrr • .,.&"'1.11;!51 would leave 
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the ponse probabilitT of this requenc7 class unaffected . The fac-

ilitating effect of recogni i high ! r equenc word on the recog-

nition ot low equeDOT wo ,- be attribut to th quilition ot 

a gene l aldll in ta hi toacop c recognition. 

Th u: hot ot thia aplanati n is t t one "NNul be a le to 

te interf eron e 1n r opi 1ng one claaa of • from prior 

t r ai.nint with another, o~ it the obab1llt7 of the latter as re ... 

po aes could· b incr aerct . The pre-..reoogni tion ta pr aented in the 

result ction or both erilllent 2 ugge te t t the p 

aentati ot high frequ 1 s no effect on their probability 

as re ponaes , tb au: rting t e tirat a aumption. In Experiment 2 

civen a re ponses to the fir t low frequency 

eat were the same tor the nwaber adaptation group tor 

the gh uenc7 trained group . In illlent 1 the frequency ot 

these eame r esponae did not V&J:7 vi th amount of high frequency pre

trainingJ indeed~ onl.7 sMll ditferen •• were ob erved. The Postman 

and Loytlwa (1951) uperiment is in tructive in th1 connection. 

q re able to shov tbat wh a noun a pre ented tor recognit on 

ollowin« the recoanition ot seri a of titteen adje tivea, the 
I I 

threshold vas aignitioantl.7 raised. . '!he '/ nouna and adje ti ves the7 . 
ua were equated !or requenoy ot occurrence that thi findJ.nc 

ID.Uit be interpreted a an increa e in the probabilit7 ot adjectives 

u response interfering with t e r ogni ion of the noun, Their 

anal.T&i• ot the pr recognition responses to the no does in tact 

boar out thia interpretation, 3 jects t ed to ntin to respond 
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With adjeot.i Yea be&rln& a atnct.uzial aimUari t.7 to t. be noun. For the 

MCoftd :aoun preaent4d.· tbe t.breabold cb"oppecl ~}¥, augeatin& t.bat 

the interfere=• etleot wu tr&Mitort 1n tuna. 

To ln-1e.f'l.7 alaa&riae, t.b• apparent oo lict. 'be\wen the re.ulte 

t t. l aD1 t.ho• t ~t.a 2 &ad. 3 waa bue4 on~ 

ur.111Lue that reo •ina hicb ~07 vorda increa t!Wir proob&b

ilit7 u reapoaa .. ud. tbat this woulcl intertere with the reoopi.Uon 

ot low fHqu-.o7 ~.. The e'rid.ence 1e, however, tbat the reaporu~e 

pJ"Ob&billtT ot tbU clua ot ~. ia ptoti prior t.o experimental 

-.....,t&lat1oa. II Uda 1a aaoept.ecl, along vit.h the aaa Uon that 

inta"llixin& low 1 deprea a the ponaa probab1llt7 ot 

hiP ll8M7 worcle, then the apparent aontlict r• 1Y5. 

BT tiora at 1 t , u. bu bMn JNU .. tect in a. a r of 

p abow that a a• pan. t the obserncl tbt'e clecr t . 

aid itive tranater troll 011e twe ot atiaulus mat-

en.l to caidnc another s 1a a.t.tr1but&ble to an acqutrecl 

1rl ta toeoopio NCOpition. At ion now given to an e~1t 

ot aldll. 

In a1on tol.lowJ.Dc t 5 1t vu a "'*" 
i 

that bS.&hv t.hresb014e ot the W1 out a fixation 

&14, •• l't4 'With the croup vho a fixation po1nt, oould be 

lar& lT la1aed in t of the ne" ai\.7 to the ti-.Uon a 

j ta to leam preo.i.Hl;( e the vol'd would a • Th1a lMmina 

wu uo• 8U7 80 t.bat the word could be 110re ettnt1nl.7 M&mt.S at 

brief apoa " • &ad tlw parta aa17 tor it s 1dent.iti tion 
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reoo&nJ.sed.. impronment 1n the etticieney ot the • M1ng pro-

e • with practice ugae ted sa poss1bU1t7 ttYr both groupa. 

Witb this d ori.ption ot the general skill in tacbistoacopic recog-

ni tion 1n adnd • ea.m1ne the .xper nt.al results . 

sults or Experiment 2. Here it vas tounll 

that p tn.inin& th high trequeno7 word•• low frequency rds, or 

equal)¥ tteot:S.ve in fa 111tating the recognition ot low 

trequ 07 words " eee three pre- t r a1n1q conditione all ban two 

t turea 1n cOJDOn with ea h oth r and with the teat c 1t.1on. ~e • 

are, first, the at1auli all a eel in the plac in the exposure 

t:S.eld 
' ond. all Nquired lett. to r1gb • nn1n.g tor their 

ident1t1 tion. Thwt, pre- trainin& oomit1ons provided ual 

opportunitiee to learn the 1 tion or the atilluli to p-actio• 

no at.1aul1 r pres teet. had no op 

ot t.hie kill al¥1 aboved no etteot ot the 

t7 to learn eith r a 
t 

pt.ation proceclve. 

tone 

ct 

it tachisto opic kUl ia graduall7 acquired in th oourac ot r oc

nisin& atimul1, and. this skill is the onq factor of onaequence. 

'lhe 110re hi&h treq 7 words r o¢sed, the gr tel" t,be kill, anr1 

the geater the faoilltati tt t on recognising low treq ftC7 rd • 

Aa t u the roeults ot 13per1Dlent 4 are cone med, it 

that • subJect• • 1n1t1al inept.ne 1n taohiato copic re ognition 

vaa • h aa to • k &nT ett t.a ot .t • p ~ 1n1n& pro ur • All 

conditio 
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in reapon probabill t7 have a d.emo trable effect on the ognition 

threlh 14, thi ett t ia re tiv lJ' • 11 co w1 th that ot the 

g~neral s 11. d.ed. to thi ot ourae is t poeeibilit7 th t tran -

t t respon e probabilitie uilt up in one it tion 

tooth r h~~ • final interpretation ot 

en, r ar. 

'l'h re exi ts oth r 1 tho up conol 1 ve, e d • tor the t)'pe 

ot g ne 

at\¥11 

hiato copic kill whi h propose. 'Ibis c tro 

ot I"'ving r 1ng skill b7 

t or uample, both !len haw (1 45) 

Weber (1942) r rt 1gn1ticant 1n rea in e&ding peed and 

henaio tollo\dng te.oh to copic tra.i.ni.n& with diait and 

l ttera re ct.iv • 8 b on (1953) out, h r, th • 
other exper itift tranater eithe.r 

f..U t control tor c moti tion icb 7 

for the tin' "If< t Ued to run 

up th which the tach to opioally- t ain 

up • r ults, th reto , vi 

with se-.. pla ib1e it 

• thi 1ki whi 1e r levant 

to 0 with t ·-~-~a br 17 

t th 

chi tosoopio r cognition of rd 1 eri s of 1 tter 1 eries 

ot n ers, print 1 iti 



M -. •t.aW 1n the lDit.:PaClt!'llt:lon \o t.his t.bee:t.e, the ri• 

at,a wbioh han been tr<e an -.rl1er n.ent. b7 

~ aid Hq (1962). 1'h1e lett ed -

qu.Ucma b&'b111t7 1a 1nC 

tor • elbolal 4 a.raoteria-........ .., ~ba4li!PWM! 1ft • .... 

Jr: . ~- h tiOfttJ tM oODliUou ~m&~ 

.......... "" ,...pcQH JS"Obabil1t.t•• tor a. 

the p1t1on ot 

otMr 'L'lt"I:IIII!R ot l;"""lll\1,1 .... ~ 1t - .... ~t. and. dvatiOD ot thea 

ett t.., ot n,. ... ~ ~ ....... loU tbe pree 

~ b7 1\SP.Pll' a:xta~· 

tbe7 &\ 

tmt. 

Perbape the :urrJmow.arno lindinc M.a to 4o with tM 14 

aeaeral •Wl tlfilq~Ql;"iN in the our t 1\leto-

p1Uon. 

pl&cM eo U.t tbe ·~awa 

of little pn, .. .--..~ 

, leamift& to t,e 1ft 

eff.0\1 )1' I 

--........ a tuat.i• pobt e.u.J~:uJal:Aa 1~ w.. ot 

1-.mtDc •. 

tb 

Wbole 

:t~awMtW.e~, tt be ractlet'Cd that expon.-hrs l'ld.aa 

~Jif,Utioll l&rplJ 1&no the 

1 .. 1\ 1ft tb11 lliiMIIbnrt. 

t thie t~~ Oould be "" .... .._ __ _ 
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1, the 

so ooptae t : po.rt oehaMtJ tor ita !det.istc ~ion 

at Pro&l"O ·l:tte ~~'tor ~ dQrat.lons. l'ut.her exporim · t · 

~ILUI!:.lticm ot th to poc1f7 tbe oon-

d1t1 

111 ll 

to tacU

cml7 wb 

· .· , bo ·· ver1 t · t. 

o! tb pereopt. j 

· ~ ucb 

'. li 
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APPENOICF..S 



API'E'SOIX A 

LISTS or STIWLUS WO.RDS 



ADVANCE 
AG!'1.Ut3T 
ALREADY 
BBLU;VE 
Bnf:tJ.11;fE 
CAPITAL 
r.nreu~t 
tilLftli&.NT 
rsANtE 
FO;.WQN 

GflflRAI. 
HI'lTORY 

l~0WD! 
JU.'TIFl 
J.U\OUINE 
Jl.lUJ.Cl~ 
DFFICE.ll 
P~~HAP3 
PICTURE 

Q.UI!iPJ..Y 
REQUlRH 
<;CATTm. 
St;!F;NCFJ 
THGUUHT 
lROUBLE 
U'iUALtY 
VI1JlAOE 
i~tl:Ant?A 
~mini~~ 

*Frequenq ot occunonee aeeording to tho 'I'hondike
loraet (1944) generttJ. count 

ABr.'fTO!i 
ACOI..:rra 
Bi~TIFY 
BlOTI"!'.S 
CA . JAVI. 
Clltn!:!i:R 
OQf.iUTOli 
t>P;MCTIC 
'E£Dr'l"'lC 
£U$URE 

EUQE~IC 
FlOTSAM 
GA140LlA 
G!'tlE:TIC 
HAULAGE 
IT.mA'r.fS 
JI't'ltl~t 
MA..ttAOOU 
t~w·noP 
t.tODIST.E 

OA..tLOOK 
l~ILIJON 
fZlUlNT?;'l:' 
Rl'lm&JS 
RU3Tl.m:t 
$E?"\RIOO 
lflCULS 
1'AOT1U 
Tl'U.\'tUli 
VAt..~OE 

rttFNquenq o£ occurrence a~oording t.o the '!bortl<U.ke-lorge 
(1944) general count 

. I 



EXPE.lUHENT II 

PRE-'IRAINING SERIES OF WORDS AND NUMBElt.S 

HIGH FRZ,~UE.'iCY 

F'ifty or more 
times per mil.* 

ADVANCE 
CAPITAL 
GENmAL 
HOW'!.'VER 
JUSTIFY 
.KIU.lON 
QUICICU' 
SCATTER 
TROUBLE 

JJ.Jil FRE.~UENCY 
On the average 
o! three per 
million* 

BIOTITE 
CASSAVA 
DEMOTIC 
EltASURE 
JIT'l'ERY 
MARABOU 
MODI3TE 
REGRESS 
SERRIED 

NUNBt•::RS 

49.5401:3 
61.57006 
1132254 
4336128 
9380620 
3135283 
S704886 
4331001 
1174269 

*Frequency of occurrence according to the Thorndike
Large (1944) general count 

TEST SERIES .... WW FREQUEllCY WORDS 

ABl!.'TTOR 
ACOLYTE 
BEATIFY 
CUNKER 
CROUTON 
E'NDDUC 

'lbree times per million words 

EUGENIC 
GANGUA 
GENETIC 
ITERATE 
MILKSOP 
PILLICfi 

QUINTET 
RUSTLER 
SPICULE 
TACTILE 
TRAWI..m 
VALENCE 

*Frequency of occurrence according to the 'lllorndike• 
Lorge (1944) general count 



Words ocourriq t1tt.7 or 110re tlmea per 111111on* 

ADVANCE 
AGAINST' 
A.LRUDt 
BELIEVE 
.8REiATHI 
CAPITAL 
El.Jii)!EHT 
FEATURE 
YOREIGI 

G::mRAL 
HI STall 
HOWlNIR 
JUJTln 
ti.ACHIIE 
MilLIOI 
OFFICrsR 
PflUJAPS 
PIC'ltYRE 

QUICKLY 
ft!QUIRE 
3CAn"lR 
SCUJlCE 
THOUORT 
TROUBLK 
USUAll.I 
WXATHER 
WRITTD 

*FreQ.ueno7 ot oocUI"HDoe accorcling to the 'fborndike
wp (1944) pneral COUAt 

4B!Tl'Oa 
CLIMml 
CROUTOII 

TEST S!llU:S • lOW PRIQUEIICY WORD3 

PIU.IOII 
SPICULE 
TACTilE 

*l'requ&DOJ' ot ooouri'GOe accortin& to the 1bond1ke-Lorp · 
(1944) pneral OOUDt 



EXPERIMENT IV 

PRE-TRAINING SF~ - LOW FREQUENCY WORDS 

Words occurring on the average of three times per million* 

!NNULET 
ASEPTIC 
AUTOPSY 
BEDIZEN 
BEJlilm.. 
BIOTITE 
CAESURA 
CASSAVA 
COARSEN 
COGNATE 
CUMUWS 
DELIMIT 
DEMOTIC 
OISTAIN 
»:CHASE 
EPOCHAL 
ERASURE 
FADDIST 
FISSION 
FLOTSAM 
GAUOON 
GERMANE 
GOSHAWK 
GRANTEE 
HANGDOG 
HAULAGE 
HEPATIC 

IMPOUND 
INANITY 
INGENUE 
INmEAT 
JITTERY 
JUGULAR 
LAMELLA 
MARABOU 
MASQUER 
MA.XIU.A 
MELODIC 
MID IRON 
MISGAVE 
MODISTE 
MUGWUMP 
NmVANA 
OARLOCK 
OPTIMUM 
ORTOLAN 
OUTFACE 
OVN'tACT 
PALATAL 
PAlMATE 
PARQUET 
PIEBAlD 
PLIANCY 
PRIMULA 

RAPPORT 
REGRESS 
ROGUEliY 
SALABlE 
SCAlPEL 
SEDUCER 
SELVAGE 
SERRIED 
SLEIGHT 
SOOTHm 
STEARIN 
STEPSON 
STERNUM 
STROPHE 
SUITING 
TAPSTER 
TERRAIN 
TOLUENE 
TREACLE 
TUMBRIL 
TWIS'ml 
TWOSOME 
VEDETTE 
VERSIFY 
VOLTAIC 
WAXWORK 
WIDGEON 

*Frequency of occurrence according to the Thorndike-Lorge 
(1944) general count 

TEST SERIES - LCM FREQUENCY WffiDS 

Words occurring on the average of three times per million* 

ABBTTCR 
ACOLYTE 
BEATIFY 
CUNKER 
CROUTON 
TmDEMIC 

EUGENIC 
GANGLIA 
GENETIC 
ITERATE 
MII.J\SOP 
PILLION 

QUINM 
RUSTLER 
SPICULE 
TACTILE 
TRAWLER 
VALENCE 

*Frequenc7 of occurrence according to the 'lborndike-Lorge 
(1944) general count 



Wl-JtiMDfT V 

TEST 51'JtlES • LOW FR.BQUENCY \IK)ft()3 

Wont• oceurrtn& on t.he average ot three t.!Jiea per million* 

A.BET'ten 
ACOI.tTE 
O.E:A.TIFI 
CLIID.:R 
CRCUTON 
ENDEMIC 

EUGEIIC 
GANGLIA 
GFJIETIC 
lfPaAT! 
r.IUSOP 
PIUlOtl 

QUilJTl!:T 
RUS'l'tl.a 
SfiCULE 
TACTII..t 
TRAWIA 
YAU'JlCE 

*P'Pequeaoy ot OOOU~ftnee aocoJ'dinl t.o the TbOJ'D41ke-Loqe 
{1944) general count 
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GROUF' I -RIGH FR W;jt.U1lC! wal05 

Tl'Ul!!SROlD SCORES IN HU!OHEP:Tf:! w· fl. SECOtm 

3er1&l SubJaot.a 
Po•1t1on 
ot Words 1 ~ ' 4 5 6 7 8 9 lO ll 12 .lJ l4 15 

l 11 10 l1 10 l.) 16 15 11. lO lO· 1 10· 20 12 1? 
2 e a ·8 ll 11 l4 l7 ' 9 ll 9 s lS 10 lS 

' 8 8 9 9 u l5 14 ll 10 13 $ ·8 12 10 )4 

4 9 $ 8 e 9 13 17 ll 10 l·J e 8 18 10 lJ 

' 9 ~ ' a l.O 14 l'J s. n ll a ' a 9 15 
6 10 $ B 9 9 10 13 9 10 9 s fJ 15 9 l~ 
7 ! 8 ? 10 9 9 14 9 9 lO 8 9 n g 10 
9 a t 8 10 1 14 l.O, 1 9 ~ 6 ? 11 • 9 
9 7 9 7 9 9 10 11 7 9 8 a a 13 7 9 

10 g 9 9 9 A' 10 9 g 9 10 6 6 10 8 10 
11 s 7 7 9 s 9 lO 8 u 7 1 a 10 s 9 
l2 9 8 7 9 7 9 9 I s 9 '7 1 ' 7 10 
13 7 a 7 9 8 9 10 a a 9 6 7 11 8 9 
l4 9 7 7 7 7 g a 8 8 $ 7 1 10 7 10 
1' 8 Zf ! 8 '1 9 10 7 $ tt 6 6 11 7 ., 
lh ~ e 8 9 • .. lO ~ 6 9 a 6 6 9 9 ' 17 7 1! 1 8 6 9 9 7 ,9 9 6 7 10 1 9 
18 a 7 1 7 a 9 a 7 a s 7 1 10 a ' 19 ! 8 7 8 6 8 '10 6 a ' 6 1 ' 8 10 
20 a 8 7 s 7 9 e 7 e g 5 6 9 6 8 
21 s 1 6 8 1 8 8 • a 8 ' 6 a 7 8 
22 ' 8 6 8 9 e 9 7 9 ! ' 7 9 ' 11 
2) 1 6 ' g 1 8 3 7 9 6 7 6 9 8 10 
24 7 7 7 1 6 7 8 6 7 !l 1 6 8 7 9 
25 1 ' 6 6 16 '1 ? ' :Si 7 s 1 7 e 9 
26 6 7' 6 7 6 g 9 1 7 8 6 6 9 7 I 
'Zl 1 7 7 7 7 7 8 6 8 s 5 7 9 7 10 
28 6 6 1 3 6 7 9 7 7 7 6 6 9 7 ' 29 6 7 6 6 6 s 1 7 .g 1 ' 6 9 e 9 
30 '1 8 6 7 1 7 a 6 1 g' 6 6 9 7 9 



GROUP 11 - LCM P -.!!. U:::NCI 'dOOOS 

THR'S.)H(';LI) SCat~ IN HUNDi~~!)TH Of A f.CQND 

Serial 3ubjeot• 
lost.ion 
or Word• 1 2 3 4 5 6 7 8 9 10 11 12 13 .14 15 . 

1 18 15 17 34 1.6 10 9 20 11 16 26 16 17 17 l3 
2 20 19 14 l8 12 10 8 14 :a 19 24 16 19 17 20 
.3 17 11 11 '20 13 ll 9 15 14 25 25 1.3 13 15 17 
4 15 9 13 21 17 8 8 17 12 lS 19 15 23 10 12 
5 l4 10 12 14 19 10 g 13 11 19 21 18 ll 15 26 
6 10 Z1 19 16 17 12 7 ll ll l4 24 12 12 11 11 
7 13 n 11 1'/ 11 s 8 18 l4 15 l4 10 n 10 19 
8 15 10 10 .22 17 10 10 17 17 14 13 9 9 12 9 

' l4 9 11 17 13 s 9 9 11 9 14 8 1 ll 11 
10 1.5 11 10 19 9 9 8 17 9 12 11 7 9 11 10 
11 l4 13 lO 15 lO 9 8 lJ 10 10 13 7 9 8 9 
12 16 ll ll 18 1~ 8 8 10 12 l4 12 g 8 9 13 
1) l4 20 10 16 ll 9 7 11 9 ll 12 9 9 8 ll 
l4 l4 11 9 15 9 9 7 14 10 10 7 1 9 12 lO 
15 15 12 10 16 ll 10 7 14 9 12 16 1 8 1) 9 
16 16 11 10 12 9 9 9 12 10 7 17 8 8 7 9 
17 15 11 11 17 9 10 9 12 1ta 7 12 10 7 8 11 
lS 14 10 10 lS 12 7 6 ,2 9 10 10 8 9 10 9 
19 12 20 9 lS 8 7 7 9 13 8 11 7 7 9 15 
20 11 12 9 10 l4 7 7 10 9 12 9 8 9 g 10 
21 lJ 10 9 14 12 9 7 9 ! 11 l3 ! 8 9 9 
22 12 10 8 13 10 8 8 10 11 9 lO 7 1 ll 10 
2.3 1S 10 13 15 9 9 6 10 9 7 13 "l ~ 6 8 9 
24 ll 17 10 l4 9 a 8 10 s 9 ll 7 7 8 8 
2S 1J 9 9 12 10 8 7 7 8 10 9 7 7 9 11 
26 9 9 9 13 12 8 6 11 16 7 l2 9 8 13 15 
27 1S 10 ll 12 9 7 6 10 7 7 12 7 7 8 9 
,2g 13 11 9 1.3 9 9 7 11 7 9 11 7 7 11 9 
29 14 14 6 14 10 8 7 10 7 8 8 8 8 1 8 
-'> 11 9 1() 16 8 8 6 7 11 8 12 7 1 9 16 



GaOU1 III - .t-i!i'Uill FIU~ · tl £NCY ~GmS 

nm.:c.A11..JW ,~ccn:r:•; Ul HUNl>H.3.D'l'H OF .A. :J.ECOm 

Serial Subjects 
l'osi.t.ion. 
or ~iorde 1 2 ' 4 s 6 7 8 9 lO 11 12 13 14 lS . 

1 Zl 12 10 :u. l4 l :.t6 lS l2 1;<0 lJ 28 l3 ll 14 11 
2 15 22 19 9 11 17 a 10 17 12 14 14 u ll e 
3 13 17 10 ll 11 20 12 24 ll 12. 19 14 e 10 9 
4 17 14 12 a s 32 10 11 10 13 23 t! 10 e 12 

' 10 24 ! 10 9 24 14 8 9 10 16 9 s 10 g 
6 12 12 9 8 7 20 12 8 8 16 22 a 9 9 9 
7 1.3 2:1 u 7 12 16 14 10 8 12 10 12 12 10 9 
8 19 15 u 9 14 lS 13 e 9 u 2.0 $ 8 1.3 10 
9 9 21 11 10 7 20 12 2' 18 9 20 8 9 14 9 

10 u 17 7 9 12 14 13 14 8 10 2l 9 ll u 8 
11 18 16 8 12 9 17 12 8 8 12 12 lO 9 11 8 
l2 17 11 1 1.3 8 16 12 8 8 10 9 12 7 1~ 9 
13 10 12 10 8 8 lS 12: 9 l4 e lS 1.) 7 14 9 
14 11 lS 9 10 9 14 9 n 7 · 1o 2S 8 7 13 8 
15 12 7 25 e 9 13 12 e 6 e 11 11 10 9 8 
16 12 18 20 9 7 1" 13 11 12 g 9 10 7 1.2 8 
17 12 ll 9 11 . 11 ll 21 8 ::.9 10 1~ 8 10 10 10 
18 16 10 7 2S 7 l4 10 7 10 lJ ll 7 10 12 a 
19 10 2S 8 10 9 14 10 lO 7 10 s 7 9 8 8 
20 9 19 9 10 8 1.3 19 a 8 9 :.12 8 7 l4 11 
2l 1.3 25 15 ~ u 10 l-9 s 11 tJ 9 ., 9 20 7 
22 16 ll 8 a ll 12 13 12 ., g l4 1 8 u 8 I 

23 9 12 7 6 s 12 12 8 1 9 18 10 10 10 6 
24 1) 9 8 8 8 ll 17 8 13 8 9 9 8 19 9 
25 lS 7 8 8 7 15 10 ll 7 9 l2 u 9 1S 8 
26 9 23 8 a ll 9 10 22 10 :a l2 10 10 9 7 
:<.7 16 l3 7 9 12 lO 17 8 7 10 15 7 7 n 9 
28 10 l8 g 7 7 19 20 8 7 a l3 s 9 l2 8 
29 12 11 9 7 7 10 l5 7 9 7 21 8 8 16 9 
30 9 21 a s 7 l.2 9 7 13 9 l4 8 7 9 1 



GROUP I .,. HIGH J'REQU :NC! WORDS 

1RR 'h!lOlD SCOR~" IN ltuNO:? TH OF A SECOND 

( ' oros used in HF - YJIF canparison) 

S.rW 
. ubjeet1 

Position 
ot Worda l 2 3 4 ' 6 7 8 9 10 J.l 12 13 14 lS 

l 10 ll -6 ll 10 10 ~0 
2 a 11 l4 17 ll 9 19 l5 

' s 9 15 l4 10 !3 l2 l4 
4 8 R 9 17 10 8 10 
s 9 9 10 8 11 8 9 lS 
6 10 9 9 9 10 8 9 
1 8 10 9 lA 9 8 8 10 
8 s 10 14 1 e 1 u 
9 7 9 9 ll 8 8 13 

10 s 9 10 9 10 6 8 
u 7 7 8 8 ll 7 8 9 
12 8 7 7 8 8 7 9 10 
13 7 9 8 8 9 6 ll 9 
14 7 7 8 8 8 7 10 
lS 9 a 9 7 8 6 7 9 
16 8 9 8 ~ g 6 9 9 
17 7 7 9 1 9 7 1 
l8 7 7 8 f! 8 1 8 
19 e 1 6 10 8 6 8 10 
20 8 7 7 7 s 6 9 
21 8 8 g 8 8 5 a 8 
22 a 8 ! 9 8 1 1 
23 6 8 7 7 9 6 8 
24 7 7 7 a 8 7 8 9 
2S 7 6 6 7 8 ' 7 9 
~ 6 6 8 9 e 6 7 8 
'Z1 7 7 7 6 s 7 9 
28 6 g 6 7 7 6 7 
29 7 J 6 ~ 7 7 6 9 
JO 7 6 7 ~ 2 6 7 9 



GROUP II - IV<t! 'FR.E>~EUOI WtRDS 

tHRr:SHOW ;:J~~mrrl IN KUJOlt~ ()}"' A "'f"CCl1.ttl 

(Score• WJfld in u ... MLF COJapal"!eon) 

&trial 3ubjd'Ctl 
?osit.1oll 
ot :Nord a l 2 3 4 ' 6 1 8: 9 10 ll l2 13 l4 lS 

1 18 34 .16 9 ll 26 17 13 
2 20 14 12 l4 11 16 17 , ll 20 lJ 1S as lJ 1' 4 1$ 1.3 a 17 lS l9 2' 12 

' 10 l4 10 s ll ltl 11 
6 27 f9 12 7 l4 24. 12 11 
7 ll u u lS 1~ 10 ll 
a 15 10 17 lO 17 1.3 l2 9 
9 9 ll a 9 ll l4 u u 

10 ll 19 9 17 9 ll 9 10 
11 l1. 15 9 8 10 7 9 
12 l& 13 s f.t 14 a 9 
1) 20 10 9' 7 9 9 8 
v. 14 15 9 l4 10 9 l2 10 
lS 15 10 ll 7 9 7 9 
1~ u 10 9 12 10 s ' ? 
17 11. 17 9 9' 7 .12 7 u 
18 l4 1e 7 12 10 10 9 9 
19 20 15 7 9 .8 1 7 
20 l.:a 10 1 7 l"> .. ...., 9 8 10 
21 10 9 12 1 8 8 9 
22 12 a 10 lO ll 10 7 10 
2' 1a lJ 9 6 7 L3 6 9 
24 ll. 14 9 10 a .,. 8' 
25 1.3 9 

....... 7 10 ' 9 ~j 

26 9 13 l ~ ll 16 9 8 
Z1 15 12 l~ 6 1 .2-R 8 9: 
28 11 9 ' 9 7 9 11 7 9 
29 14 8 }:') 7 7 s 7 8 
30 9 16 a 7 ll, 7 7 



GROUP HI !!!!W H!G}A 1!"-'::~0!-::.N~Y \i(lli);J 

THiUi~:3f:ow ~~wGitRS IN HtJND1L,JTH t F A ~':.:cmm 

(:;cores US«.i in llf' -l1HF oo~J)IU"1son) 

Je:rial SUbjects 
Poaition 
ot Won• 1 2 3 t. ' 6 7 8 9 1·j ll l2 1) l4 15 

1 l'- lO 16 u l:J l) lJ 
2 22. 9 11 a 12 l4 11 t 
;3 13 10 20 12 ll lB 8 9 
4 l4 g s lO 10 8 8 
s 10 s 9 8 10 16 10 8 
6 12 8 7 g a s 9 
'1 1.3 1 16 ll .. ~ 10 lO 9· 
8 1~ 9 lS I! ll 8 8 
9 9 10 ' 12 9 a 9 

10 11 1 l4 1.) 10 9 11 
11 16 a 9 a a 12 u 4 
12 n 7 a s g 9 7 9 
13 10 "' g s 9 8 l! 7 9 J 

l4 15 9 l4 9 7 1 7 
15 7 8 13 A g ll 9 tt 
l6 12 9 7 lJ s 9 7 8 
17 l:Z, 9 ll s 9 ' a 10 • 
l8 10 7 7 10 10 7 lZ 
19 10 8 "9 l() 7 a 8 e 
20 9 '9 13: a ifl 8 7 
2l 1.3 s :10 a a 9 8 1 

.. 22 ll e 1~ 13 g 1 ll 
a; 12 6 ;J a 7 10 10 · 
24 9 g 11 17 g 9 g 9 
25 7 r-) ?1 lO 7 12 9 8 • 
26 9 8 9 10 g 12 9 7 
'¥/ lJ 1 l<) s 7 7 1 
2B 10 7 ? s 7 g 12 
~ ll ''1 10 7 7 ·~ e 
)0 9 8 1 9 9 14 9 1 ' 
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GROUP III - I..Ori I'REQU~Cl WORDS "~ 
.l 

1 

'lHRESHOI.Jl SC<lili:S Ill HUNDREDT!i OF A SECOND 

~ (Score a used in LF -MLF Comparison) 

~ 

Serial Subjeot8 ·i .. 
Pos1t.lon 
ot Hol'd.e l. 2 J 4 5 6 7 8 9 10 ll 12 13 l4 15 '· .J 

1 ~ 14 u 15 18 28 14 ll 
2 15 19 11 10 17 14 ll 1 
3 17 u ll 2A 12 lk 10 J 
4 17 12 32 11 13 2) 10 12 ~· 

5 24 10 24 14 9 9 8 1 .6 12 9 20 12 16 ~. 9 9 -~ 7 :t! 11 12 10 12 12 12 .~ 

e 19 12 14 13 9 20 13 10 
9 2l 11 ro 23 18 20 14 9 -'I 

~ 10 17 9 12 14 a 2l ll 8 ~ u 1S 12 17 12 12 10 9 
12 17 1) 16 12 10 " 12 12 
13 12 10 l; 1;2 14 lJ u I' . 

·~ 14 ll 10 ,9 ll ·10 ~" 13 8 
15 12 25 ' 9 12 6 11 10 

~ 16 18 ~ 1 18 111 12 10 12 
17 11 u ll 2l 10 lEl 10 10 .~~ 18 16 25 14 7 13 11 10 s 
19 25 10 14 lO 10 7 9 ·~ 

20 19 10 13 19 9 22 11. u 
·~ 2l 2S 15 11 18 ll 7 20 

22 16 a ll 12 1 14 8 8 
:~ 23 9 7 12 12 9 18 10 6 

24 13 8 B B l) 9 19 ~ 

25 15 8 15 ll 9 u l5 I 

26 ~) 8 ll 22 10 10 10 
27 16 9 12 17 1·0 15 11 9 :~ 
28 18 8 19 20 8 1,;, 9 s 

1'~ 
29 12 9 7 1S 9 2l 16 9 

~ 30 21 8 12 .., 13 8 7 

I 

l 
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ORO UP I """ HlQH rRAJaRct imDS ·! 

fRE-'l'!W.JfiNO 311llES ,, 

ft~USHOW 3 COlD llt JWIIPR!nTH or • S!OOID 

1\Jbjeot SW1al Poait.ion o£ ~ I· 
> 
., 

1 a J ,. 
' 6 ,. a 9 

j 
'. 
). . 

1 a' 9 8 7 8 7 9 I 
,, 

~~ 
2 l4 u 11 9 9 u 15 10 8 
3 8 ' 6 6 • 6 6 1 
4 lS 9 1.3 7 7 9 1 1 7 • 

"' 

i ' u 16 14 a 8 8 ' 10 
6 8 3.0 9 1 1' z 8 ' '1 9 ' 6 ' I ' 8 1 it 

·t~ At. • u 13· ll 10 12 9 1.0 10 ' >I 

9 lS 9 u ..- 10 u v 1 ·I ' 
;~ 
,,; 

10 ao· 22 lS 11 u 9 9 • ( 

u 9 ' 7 ' ? , 
' 6 

12 ' 6 ' 6 7 6 6 6 
..... 13 6 6 6 6 ' ' s ' ' !g v. 12 ? 9 6 9 lO 6 ~ 6 
·~~ lS tl lO 13 9 7 ·8 9) • ·• 16 ' ' a lS 7 9 8 6 7 ~ tJ ~ 

'l? 1) 10· 9 12 f! • 9 ' ' 9 ·i ..., , 
18 

,, 6 9 '1 ? 6 12: ? ' s 
lt 19 ' 1 6 ' a 1 7 ' ' 20 ' 9 8 ' 1 1 I 7 ' 



ubject 

1 
2 ,... 
' ~~ 4 
s 

~~ 6 

t 7 
~ 8 

0') 

9 
10 

ll 
l2 

r!'l 1) 

Jj i; 
~..., 16 ti 17 ..., 18 
~£ 19 

20 

GROUP I 

TEST 3NtiES 

'tHRESHOlD SCORES IN HUNDREDTH 0 A. SECOBD 

Serial P aition of rd8 

1 2 ) 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 l8 

26 9 9 6101Sl216lll0 9 10 9 9 7 7 10 10 
19 12 11 10 12 12 lS 9 15 9 1) 912 91) 9 10 9 
9 7 6 724 7 8 8 9 720 710 812 7 8 7 

12 u 8 16 9 e 8 9 9 9 10 9 9 9 8 8 
l) 13 ll 10 10 14 10 9 17 19 10 8 81)11101111 
1S 18 15 20 ll 15 16 l4 13 8 15 15 14 911 9 10 12 
8 8 13 7 7 7 7 9 6 710 7 6 7 9 8 6 8 

17 25 lO 21 23 10 11 19 10 19 9 a 14 n 12 1s 10 8 
15 15 l4 8 9 9 17 8 9 7 15 l2 ll 10 9 12 8 
15 13 12 12 13 10 10 12 12 l4 13 9 1 9 9 7 

10 912 810 8 7 9 6 7 6 7 7 8 8 6 6 
8 7 8 7 6 9 6 5 7 6 5 s 6 5 rt 5 'l 
7 6 8 8 7 8 6 7 6 7 8 s 7 7 8 6 8 6 
9 10 7 lS 7 7 s 7 9 6 811 s 6 6 7 

12 9 13 13 10 17 9 11 8 7 10 13 9 9 10 10 9 10 
16 8 7 10 13 911 7 10 1 10 8 10 7 e 7 8 10 
10 10 11 11 13 913 8 9 11 10 l 9 8 9 9 9 7 
16 9 7 7 6 7 6 10 714 7 7 8 7 7 7 
9 a 9 9 8 8 6 7 9 7 8 6 7 6 9 6 6 6 

14 8 8 7 8 9 8 8 8 9 9 9 7 9 7 6 7 9 



' ' 

MCUP II - :WW FRE"'..WEJICT liORUS 

PR.Y....:TBAINlJG ·~lEf{liE:S 

Tllti38ClLO SCoats lM RUICllR1rllTB OF A ·:S~..OOIO 

Subjectfl !•rial Position -r *~· I 

1 2 ) 4 5 , 6 '1 ,g 

1 2S ll l.l 13 u 9 7 21 

)! 2 1' 15 15 9 9 9 7 13· 
3 14 16 15 l4 16 u 14 n 
4 16 22 lit 20 l6 'Z1 20 16 

~~ s 19 10 12 9 10 9 23 7 

Ji 6 u 9 ll 9 12 9 9 ~ 

7 33 ltt 10 2l 1S 10 l4 10 
s 22 14 22 lJ 22 9 l4 11 
9 14 9 10 8 9 8 ll 7 

lO 24 26 15 u · 1.3 '¥1 20 16 

ll 1$ .14 12 l!J ~ 10 13 1) 
12 26 lS 14 ll ll ' to e 

t'i 13 l) n 8 ' 8 13 u~ 7 

~~~ 2) 10 9 8 lO 10 7 12 
11 lJ 7 lO 10 9 8 8 

tf' 20 ll 9 lOi 9' 10 10 9 
. ' 17 23 g l6 9 l2 18 u lS· ,,0. lft 21 16 lS u 12 u 10 9 

19 15 10 15 12. .u 9 8 9 
20 6 9 ll tl 11 9 9 8 

I 
t 

9 '\ . 
15 
u 'lit' 

17 
18 I 

17 ~ 
9 

16 ·~ 
1~ ,., 
8 ,1·~ 

16 
I 

f' t 
8 \ .. , 

·•· ,t 

8 ) 

8 ~ 
13 
l4 t 

1 J 14 1 6 
a 'ill 

ll I 

·~ 
11:~ 

I ., 
I<~ 
~~ 

, 
., 
\ 

~' 
' ·~ 



11 
12 

.... lJ 

~~~ 
.!16 

I# ~tl? 
a~i; 

20 

GROUP II 

TEST SERIES 

SESHOtD SCalES Iff HUIIORED'ftl or A. SECORD 

12'''''a'wu u~uHua 
l4 2l 1 ' 1 ' 8 9 11 8 8 8 1' 8 1 7 6 
10 12 7 8 17 9 9 1 1 7 8 9 8 11 7 1 9 1 

.. a 10 a 1 12 u 11 12 10 a 9 1 8 n 1 u 1 
UWHH11Ull9U8Wll~77ll97 
ll 9. 9. 6 9 6 7 9 '1 7 91210 9 8 9 
8 11 7 8 12 12 et 9 11 9 7 8 8 10 8 9 6 
Wllllllll~UU99llllU101011910 
101211 9nu au 9101o 12 9 9 9 8 a 
7 879716798767107777 
~UU1191l~U9llUUUaUU~ 

9 811 710 8 9 8 810 8 9 7. 8101 8 
12 1s 10 10 e a a a 9 8 a n 10 8 1 s a 10 
9 714 '1 6 9 7 61610 7 6117 s s s 
10U8U10~UU109910U91012ll9 
10 1 lJ 7 n 9 8 10 1s u 1 a a a e 10 1 6 
10 s u 1 10 7 • 1 10 rr a 11 1- v a 1 
llU10llU7UUU7710UW6767 
910 7 6 9 9 7 7 9 1 7 7 6 6 6 6 7 

1081011 8771812128976 1 
9. 9. 810 8 61 1 8 9 9 7 9 7 8 1 



/.2 

GROUP III • SIWF.N - DIGIT tct.JI(JIU.l3 

fliJ\E-TJtAINING SllUES 

TH.rtESHClD 3 catEO IH HUMOrtEDTfi OF A 3ECCND 

Sv.bj • SerW Poait.icm or Worda 

l 2 ' 4 s 6 1 8 9 

1 42 24 24 19 lJ lS 11 15 13 
.... 2 19 18 12 lS 13 ll 17 12 11 

~~ : 2.3 18 l.S 15 lJ 17 14 16 17 
l4 20 19 13 15 16 19 13 12 

t: 2.3 2l 18 13 l '- 2a 18 20 19 ~~ 

2' 18 19 15 12 16 15 15 ll 
:. 7 25 17 16 18 15 22 17 12 13 

(j 8 18 20 14 19 1' 19 12 12 ll 
9 20 20 17 21. 17 l4 1) lJ lJ 

». 2) 17 17 15 l4 ll . lJ 13 u 

u 29 ~l Zl 2l 19 17 12 l4 14 
l2 ltt 16 17 lS 19 13 11 l4 lJ J 13 

26 18 21 ll 12 12 lJ l" 12 
il4 25 21 20 ?.1 19 lB 19 15 16 ~ 

::15 .30 ~3 22 1~ 2l lS 18 19 lB 
! 16 18 16 1.3 15 11 r~ 13 11 12 ... 

17 24 16 17 16 12 12 u 11 l4 
Jt At 18 21 12 14 lJ lJ 13 13 12 10 
,. 19 17 17 18 13 12 l2 u u 14 

20 2l 18 15 15 l4 12 12 u 11 



QiOtJP lii 

rwt smm 
'ffmE3HOW S<XIE3 II HU11JUDTH OF l SJ.CONl> 

1 l 2 ' 4 ' 6 7 s 9 ~0 11 12 13 l4 15 16 1?-18 

1 10 1' 11 lS 16 15 17 9 10 12 .10 ll I . 9 10 U 9 9 
2 12 ' • 6 6 7 .s ., 6 7 7 6 8 7 ? 6 tl 7 
' .lS s 22 9 9 10 u u • 12 tfu 112 9 a 1 1 
4 a ' 10 e ' 7 1 a 9 7 9 1 e 6 6 e 7 
S 21 2l. 11 16 12 19 21 lS 20 17 15 17 9 14 17 19 ll U 
6 76756656S66787 666 
7 , . 911 7 61010 '7 6 '8 6 6 6' 8 6 
' 9 l1 9 9 ' ! 7 10 u 13 7 7 ' 9 ' 9 8 l' 
9 14 24 l4 10 17 lS 16 9 f) 12 1S 9 10 10 10 9 9 I 9 

10 2) l8 10 u 12 10 9 12 16 ' 12 10 19 16 9 11 10 8 

16 18 9 ~:J 9 14 13 20 17 17 10 1~; 10 u , ? lS l1 
U 14 I 9 l3 10 7 9 10 '9 7 .10 9 'f 7 ' 8 6 6 
10 8 13 1 11 7- 9 8 s 1 1 9 ,7 ll 6 7 8 8 
7 8 u 10 8 8 . 9 1 1 ' 7 • 6 6 7 7 
n~•"UD»~UUUUU999UW 
1 lS 1l 9 12 1 6 I ' 6 9 S 6 6 6 7 6 I 

142210 1 9 911 6 7 I 61'S 5Ul0 
s 6 6 8 6 6 6 9 6 8 9 ' 6 6 7 ' 8 6 
a 1 s en 1 e 7 1 7 6 6 7 · 6 7 ·6 a 7 

lO 1 9 7 9 11 1 6 9 10 9 6 6 ' 7 10 6 6 

' L 

.. , 

I~ 

: 
" 



1 

,...1 2 J 3 
~ 4 

Jj! 
' lO 

GROUP IV 

m!SERU3 

'ftltFSHOlD SCORES 11 HUIIItiDTR or A S!OOID 

S.rlal Poa1t.1cm of Word1 

12)456789WUUU~U~Ua 

1010161) 9lJ 81012 9 814 6 613 8? 1 
23 16 29 23 16 'Z1 15 19 17 . lS 16 U 8 ll 10 9 8 1' 
910 9118 7 7 7 9 9 I!U12 7 6 9 6 8 

1s u 1~ 1s 12 a s u 10 13 lJ 11 9 9 e n a 9 
U~HlOU8Ull~U8US7UUUU 
12181812 8 91SU101.3 910 812 7 910 
ueuwu~uuu~u99awu~u 
2) 8 910121.61016 914 9lJl2 e1Jl0l0 6 
~U~llUUUUUUUll~UU~87 
UlJDU8Ull8~W~78W9ll98 

16 '26 u 9 8 10 8 1117 lJ u 8 14 u 9 1) ' 1 
12 8 9 9 7 812 9 7 7 ?U 7 6 1 7 7 8 
~Ul3UUU8UUUUW8711997 
Ul2l3lJ 7 8 I 711 9 8 8 9 8 7 7 7 9 
20 21 17 16 1019 17 7 9. 8 7 9 ., 15 ~ 8 7 9 
.24 18 1.3 ll lJ lJ lJ lJ 17 12 15 16 12 8 17 16 u lJ 
12 3:) 11 8 12 9 9 11 l? g 10 11 10 7 9 8 8 13 
24 20 14 11 9 11 7 u 11 14 9 a a n 10 7 a 9 
~~H~UU~UU14~Ul41JUD14ll 
12 9 8 10 10 11 ' 8 8 8 7 8 9 8 8 7 8 7 





'MtKSHOlD Scat'SS 

rr.-Tratntna 
Word 

a.tt.1•at. 1 

l 10 

J 2 10· 

' 10 
4 8 

J 
s 9 
6 9 
1 l2 

' 13 

' 9 
l.O u 

n 9 

r~ 19 
l3 .U 
14 4 

· lS 
I 

ll. 
)lA lJ 
11? u 
. ·· l:l 14 

19 lS 
ao lO 

aotfP I 
' 
D HUIDREDTH OF .. SliCOID 

Tnt S.rt• 

Serial PU1t,ion of ' wemt• 

1 .2 ' 4 ' ' ? •• 
:u 20 a 9 ? I u 1 
10 lS 9 1 , 8 l4 8 
21 l2 12 l3 15 ' 13 17 
22 l5 lJ 20 l? lS 17 lS 
22 1.3 17 13 19 23 17 l2 
l3 19 9 u '' • 9 8 
lS 13 l5 10 l:4 l4 U . u 
12 '--~-~ 13 14 ut 17 14 1~ 9 
l4 lS l.a ' I 13 8 ' 16 
17 9 21 9 14 11 17 9 

9 8 1 10 7 1 8 lO 
~ 22 20 11' 1? 18 17 l4 
l~ 9 9 12 10 9 a 10 
l3 8 7 10 9 7 1 7 
lO 9 9 1 ' 1 8 a 9 
17 10 8 lO 101 7 8 a 
ao. ' 1.6 9 1$ 12 9 10 
16 12 15 12 lJ 16 ' 8 
20 17 u 17 20 l4 1? lJ 
14 lJ l5 8 u 9 ' l4 

9 

7 
"/ 

19 
n 

' 16 
I 

l4 
1 

l3 

• 16 
8 

12 
s 

' u 
10 
12 
8 

i 

' 

,I ,, 



(EOUP II 

1H\Jt)801D scau;s Dl ltll!WilEDTH OP A. !J?l:OJID 

Pre-Trt.ht1na Te•te s.n .. 
:S.Ul Poait.ton or !Wor48 

~j-- l 2 ' l 2 l ,. 
' 6 

1 10 l2 7 15 lS 8 l3 n 12 
2 u 7 1 l4 8 v. ' ' 12 17 12 

) l l2 7 1 9 1l l4 ' 1 ' 7 
4 10 'I 9 9 1' ' lS 9 • 
' l3 12 8 14 .10 u 10 7 16 

' 12 12 12 1' 15 16 n 13 14 

J 7 ' 7 10 lB 13 · 17 10 10 8 
8 u 10 • 20 16 16 14 12 l5 

' l4 10 9 a,, u l4 l4 19 10 
10 9 12 8 11 18 ll 14 lO 11 

u l3 18 9 9 9 12 10 11 t!' 
12 a ' 8: 10 8 l8 u 10 l2 
lJ 8 8 u lS lS 12 14 1 8 .... 

J l4 9 8 6 7· 6 11 a 7 6 
15· 14 16 13 23 19 19 u 12' 19 
1& ' s 9 9 8 8 11 7 ' l4 

J 17 9 1 I 11 a 9 ~ 1 ll 
18 15' 10 ll 17 u · 10 171 e 8 
19 16 13 16 27 17 23 1? 19 lS 
ao 9 1:, '1 19 lO 10 10 lJ 10 

7 e 

9 l4 
8 ll 
9 ? 

10 1' 
9 14 

13 9 
10 13 
1' 8 
u lJ 
1~ s 

lJ 13 
8 l4 
9 u 
? 6 

l5 ro 
7 i3 
7 v 
8 a 

n 16 
7 1 

9 

16 
1:0 • 7 
ll 
l~ • 8 
12 
1S 

7 
,8 

' 4 
114 
7 
1 
9 

14 
'1 

7 ' 

{:~ 
' , 

) 

··I 
'• 

_,. ~' 4 

'' 
'(). 

' . 
• 

l.t 

" ~ 
.it 

~ 

·1 
:~ 

., 

, 
' 



mOOP m 

'ftflli3HOLD SCat£S IH HUlfORXD'fH OF A S!COOD 

PH-rr.1D1DC ~-

~ Po•1Uon ot Wordt 

·rtubJeot.a 1 2 3 4 ' 6 7 I 9 10 u 12 13 14 

1 9 7 7 1' 7 7 8 7 9 7 7 7 6 7 

) 
2 .17 l4 9 14 l4 11 14 12 7 10 8 9 9 11 

' 1a 9 ll 8 9 11 10 1 9 '9 s 9 9 8 
4 16 8 11 14 11 a lS u 10 10 ll 12 9 10 

' 10 9 10 10 a 9 7 9 6 8 7 a 14 6 

J 
6 lS 11 10 9 9 10 11 9 9 11 9 9 9 8 
7 s 8 7 7 7 8 7 7 9 8 7 8 7 8 
8 10 8 8 7 7 9 6, 7 8 1 6 6 7 6 
9 17 ·10 l4 9 10 10 9 g 9 7 a 8 8 1 

10 17 9 e -1 g 9 7 9 8 7 8 8 9 9 

u 8 9 8 8 7 8 9 7 7 9 7 7 10 8 
12 7 6 6 6 6 6 8 6 1 7 s 6 6 7 

~~ 
lJ 8 ll 8 7 7 10 9 s 10 7 7 6 1 

8 10 9 10 7 8 1 9 7 7 6 6 6 6 
l.S 8 1 7 7 6 7 6 7 6 6 6 6 6 7 

... 16 9 9 7 7 8 8 7 8 s 7 8 7 6 7 

jil 9 1• 10 8 9 7 10 7 8 7 lO 8 u 9 
8 6 8 7 6 7 6 5 7 ' 7 6 ' 7 

19 7 8 1 7 1 6 6 7 7 7 a 7 6 7 
3) 8 6 6 s 1 6 6 s 6 s ' 4 ' ' 



Ql.OOf lUI 

1111U:SH0lD se<:aES lf~ HtJIDlUmTH OJ' 4 smetm 

l'ft-~ Seri .. (ooattd) 
' 

Serial. Pot1t1on ot w.m 
S\lbj .. ta lS 16 11 18 1'9 20 21 u a3 24 IS 

1 9 1 8 7 1 1 7 7 7 a 7 

J 
2 8 9 lJ ., 10 u ' ' 10 9 9 

' 'I 9 • .. , 
9 • 10 7 ' 8 7 

4 lO 9 11 a 12 9 lO 9 9 I 12 
5 6 8 7 8 8 8 1 7 a 1 7 

J 6 9 a 9 8 8 8 9 7, ' 8 7 
7 8 7 7 1 ft 6 7 7 8 6 7 • 7 1 ' 8 s. 6 6 7 '1 s 6 

' It 9 I ' s 8 4 11 7 9 s 
10 1 8 8 8· 7 t ' 8 7 8 9 

11 · 1 ? 7 6 6 6 s 7 6 6 7 
12 6 1 6 ,. 6 1 6' 6 s 6 6 

J 1.3 7 6 7 7 ' 7 7 7 7 6 7 
l4 s s 6 6 ' 6 6 s 6 s s 
1.5 6 6 1 6 6 7 6 6 6 6 6 

.I 16 .v 8 7 1 
,. s 8 6 6 6 s 

1? 1 e 8 7 9 ' 6 ' 8 7 1 .,. 
a lt 6 6 6 • ' 6 s 6 ' 4 5 

19 8 1 s . ., 1 ·6 1 •t 7 6 6 
~ 6 4 4 6 6 5 6 ' 6 s ' 

2(,. 21 

10 6 

' 1 
8 9 

n • 10 7 
7 7 
7 7 
6 ' a '1 
7 1 

' ' ' ' s 6 
s ' 6 s 
6 ' 7 '1 
5 s 
s 6 

' 4 

' 

,, 
. 

I 

t' 

'· 

;11 

. 
l 
~' 

-~ s 
. ~ 



I~· 

GROUP III 

THRSSHOLO OOORES IN MUHDaEtmt OF A S.&:OND 

'filet s.n .. 
Serial Poaiti.oD of Warde 

s•J•ts 1 2 3 4 ' 6 7 8 9 

1 13 11 lO u u n 8 7 lO 
2 l' 9 u 10 9 8 ll 9 9 

) 3 9 10 u 20 9 lS ' 10 9 
4 20 l8 16 12 11 l1 lS 13 12 

' 8 1) 9 1 9 8 u 9 10 

J 
6 9 10 10 lJ u 10 8 8 8 
7 16 8 10 7 8 8 8 9 f 
8 10 10 7 .s 8 9 6 7 8 
9 16 u 19 ll 12 10 9 10 10 

10 10 10 9 11 l2 9 9 9 8 

ll 7 fl 9 1 1 ? 8 8 8 
12 7 7 6 1 6 lO 7 7 6 

1 
l3 10 8 8 ll 10 6 8 8 
14 6 lO 8 a a B 12 7 8 
l5 17 9 9 8 6 9 7 1 8 
16 10 8 a ' 7 lJ 8 7 6 a 

.s 17 18 12 10 10 lO 7 a a 10 

B lB 8 7 7 7 6 1 6 6 7 
19 10 10 9 14 10 7 ll 9 • 20 8 9 7 7 9 8 7 7 6 



;; 

I 
;-

': j 

~·. I 

. 
• 



3\lbjeota 

.. 

tltOUP I • TEST SD.lll3 , 

THRESHOlD 3CO!F.3 IN Jftllli)}U;DTR Cl A 3ECCJD) 

s.rw Pontioa ot Ww«< · 

1 a , • ' 6 1 a 9 10 u 12 lJ 11. 1s 16 17 l8 

1 19 11 8 l4 ll 11 8 10 9 11 8 10 1.5 12 ll 9 • 7 
2 8 s 19 f) 10 10 11 1.5 ll 11 13 lO 9 10 1 7 11 11 
' 9 10 10 6 6 8 6 7 10 ' 7 5 6 6 9 5 6 7 
4 1.5 11 10 15 10 12 9 10 13 10 1 8 9 6 s 9 6 8 
' 18 10 8 8 8 9 8 1.5 8 6 10 5 5 8 s 7 7 6 
6 18 l8 20 24 9 a s 10 9 a ~ 14 9 s 6 s "1 s 
7 29 28 21 26 8 9 2.5 10 16 ll 16 20 22 lS )0 19 17 24 
a u. 1s 11 11 10 16 9 7 a · a a s 8 a 9 u a u. 
9 12 7 7 7 6 ' 9 8 1.5 6 7 9 8 9 7 s 7 6 

10 nunB9Ulll0119H6ll~l4U7~ 
u al.4au~nuuu~H10UlOUU9U 
12 1816 9111.514 8 9 91)14101311 812 815 
13 13 24 11 19 6 12 a 9 9 9 e 10 n s 11 14 18 e 
l4 16 9 22 2) 9 l2 25 8 7 7 10 10 13 10 7 8 12 7 
u 9UH24n~uu~un~u9UUU10 
16 18 9 l4 14 12 e 9 15 9 13 9 7 9 a a 10 7 s 
17 12 9 11 a s a 7 s a s 7 s s 8 7 s 8 6 
18 ~ 10 7 9 7 6 6 ~ 6 6 7 6 6 6 7 7 6 5 
19 ll 9 15 ll 7 9 12 9 11 u 9 12 s 10 8 7 7 8 
20 8 7 7 8 6 8 s 6 6 7 6 7 8 8 7 7 7 s 



GftOUP Il • 11S1' SE8IIS 

'l'Hili.3HOID SOo.ta::S IX HOitfltED1'M OF A SICaiD 

l23456T89~UUU-UU~U 

1 U~~UU~UUUUUU~999»9 
2 U~U~UU~UU9UUUUW9Ull 
3 l8Ul010ll a 914 t 8l4 912 9 9 8lJ 7 
4 I lJ 7 10· IS 8 17 U l4 1 '1 9 6 6 8 6 I 6 
' a a 19 9 1 a a 7 a 1 e 1 6 ' ' 7 6 9 
' ao 11 9 a 7 u ' 1 • 10 ' • a a s 6 1 6 
1 11 11 s a 1 11 1 a 'u 10 15 10 u ' a ' 1 
• 15 8 1 '915 1 8 6' 59. 1 '? 6 '6 s 
9 l4 9 616: 4Ll610 81~ I ?1) 9 8110 9 7 

m a 7 9 7 a 6 7 6 ? u 1 ' 9 ? a a 7 ? 
11 IllS 9 9U. 910 81J 81.3 810 '910 • 811 
12 17 12 lJ ll 1? 9 9 9 8 l3 t 1 13 9 I 11 13 I 
U Unl6U~UUUBUUU16UH8l48 
l4 813211214 ?lt 8 7 812 9 1 110 6 7 7 
U U~~UUU99U8»U69U~UlJ 
16 111412 8 9 ?lDlO 7 81.2 7 7 8 8l3U 8 
11 10 • 9 8 8 9 1 ' .16 7 7 7 8 ., 9 8 6 6 
.11 10 812 710 ?lJ sv. 8 913 7 ,fJ 9 910 9 
U UUll~9U~9l4~~U108U9f~ 
20 16 811 1 7 911 9 8 6 1 1 6 7 '710 9 

. J, 

'' 1 

,r 



SubjHtl 

OIOUP III • TEST S!RI!SS 

THRESHOLD scams Dl HtnrolmTK OF I. S'!CCIID 

12J456789~UUU ~ UUU~ 

1 211111 710 710 9 8101110 9 9 910 9. 7 
2 lO 10 6 6 6 8 6 6 8 7 7 8 7 s 7 1 6 7 
' 1J 9 8 8 71310 7 8 7 9 9 7 1 1' 7 7 
4 1.3201016 9lllJlO 9118 9 9 9 912 8 9 
' J.6 u 17 l8 15 14 11 l4 11 lO 12 8 ll 17 9 11 15 lJ 
6 131412 9 910118 9 81 s 7 813 9 71 
1 9 1 10 10 s 11 6 1 10 5 ll 1 1 8 8 8 6· 6 
8 14 9 9 9 7 10 7 10 8 9 8 9 7 7 7 9 7 9 
9 17 9 12 8 8 11 10 15 9 ll 8 10 8 7 11 8 l4 8 

10 10 1 a s 6 9 7 6 1 1 7 7 · 8 9 s 7 5 7 
11 ll 911UU 8 8 8 9 8 8 9 7 6 8 6 6 9 
12 8 12 9 8 1 7 10 8 6 7 6 8 1 7 s 7 1 9 
lJ 16 11 16 12 8 8 9 10 lO 9 9 8 10 8 9 11 • 7 
14 15 13 10 10 9 18 12 12 1) 16 9 6 10 11 10 12 10 8 
15 13 lO lO ~ 8 7 10 9 10 6 8 7 7 S 9 7 7 1 
16 14 12 8 12 7 8 7 15 6 8 7 8 7 6 7 10 9 7 
U 9Ul311UUWW910109U777W10 
~ UU13lll410~al4816U812~UU9 
19 14 14 8 7 7 1 7 12 6 6 7 5 6 6 g 6 7 6 
20 l5Ul3l0898988888777911 

! 
/_ 



• I 

lPPEIDI.X F 

/ 



... 

I 

I , "' 
t ' 

t { 
q ' 

l . 
(1 
t'. l t 

' f. ' 

J 
I 

' 

~ ~ . .,__. q'l">. . • fj-, :1, ~ ~ ·~· 'lfl 
~. 

P'IXATI<* GROUP 

fHRJtSMOJJ) S COkES lN HUIWRMH 01' A 

Sul;)jecta Serial Poa1t.ion or Wol"Clt 

1 2 ' 4 ' 6 7 8 9 lOU 12 

1 11' 16 7 1 11 12 12 ll a $ 7 ? 

~ 9 7 7 7 ' 6 9 6 6 s ' 10 

3 10 4 8 et 9 7 ' 6 1 6 s 5 
• 

4 lJ 7 7 9 6 6 IJ 8 1 6 8 s ., • 8 10 8 a 8 • 7 7 ' 10 8' 1 

6 ' ·s 7 16 ? 10 l! 7 9 7 6 7 n 

1 7 6 6 7 6 6 ,5 ' u 7 ' ' 
8· . lO 9 8 9 u 10 ll 8 ' 8 9 10 

' 18 l.S l) 10 10 14 ll u 9 9 9 ll 
' 

10 13 6 8 7 6 8 7 6 8 6 9 ' 6 

' ' 

sECOID 

13 14 1$ 16 17~ 18 

12 1 6 ' ' 6 

6 7 ' 5 7 ' .. ,., 

9 1 ' 7 6 It t . . 
!IO.h 

• a 6 8 .. 7 ' 6 
., 

7 8 1 s ' 7 

6 7 8 9 a 8 
' 

' ' 6 ' 7 ' 1 1' 7 9 1 7 ~ 

,J. 

9 1' 8 10 10 9 ~ 1 l' 

• 

8 6 7 6 s 7 ·\ . I 



t 

JIO YIUTIOI GROUP 

THR&SHOLD 300ft!3 Dr HURIJU.U)TH OF A 3EOQID 

Subj10te Serial Pol1t1on ot Word• 
.. 

1234S67S9ronuu~uuua 

1 17 10 11 8 lO 7 10 ' ? 11 10 7 9 12 11 '. 7 6 

2 2114 e 9 st6 19 a1o e a1011 as 912 

' 14 s 11 9 8 11 18 8 8 19 8 8 8 9 8 s 9 10 

4 ~14~UU14U9lll09UUUW777 

S UU~UUlOU89UlOWH88797 

6 11 6 8 6 6 6 6 6 1 7 6 7 6 7 s 7 6 8 

7 lS 9 12 12 11 15 9 9 8 8 12 11 8 6 9 7 8 7 

8 14 9 7 91010 7 913 7 610 8 611 7 8 9 

9 l4 11 10 lJ 9 14 7 7 8 9 8 9 8 11 10 7 19 11 

10 17 14 12 12 17 11 9 11 ll 11 9 6 11 10 7 7 9 1 


