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CHAPTER ONE

INTRODUCTION

The problems dealt with in this thesis arose from the findings
of an earlier experiment by Newbigging and Hay (1962). That experi-
ment involved the tachistoscopic recognition of nine different lists
of words by nine groups of subjects, Each list was made up of words
of one of three frequencies of occurrence (50+/1,000,000, 1/1,000,000,
or 1/3,600,000)1, and one of three lengths (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 had a frequency of occurrence of once in every
3.6 million words. The results indicated that the decrement in
recognition thresholds with practice was a function of both word
frequency and word length, with the greatest decrement being.ahoun
for the most infrequent and longest words,

In addition, evidence was presented which suggested that the
practice effect was a function of an inecreasing response probability
for the specific frequency 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 stimulus word itself, In this instance,

1, Frequency estimates were taken from the Thorndike-Lorge
(1944) word count,

|



an index of similarity was computed by counting one point for each letter
in the RT-l response which was the same as a letter in the stimulus
word, and to this total adding an extra point for each pair of letters
which were correct, adjacent and in the right order, The index of
similarity obtained in this way was found to dmruu with inereasing
practice in recognition of words in the list,

Assuming this index to be an estimate of the sigze of fragment
required for correct identification of the word, and that the smaller
the required fragment the higher the response probability of the word,
it was suggested that the decrement in similarity over words could be
indicative of an increasing response probability of the particular fre-
quency class of the words in the list, This argument assumed that the
difference between the size of the fragment perceived at the exposure
duration associated with RT-l and that perceived at the next longer
exposure which resulted in the recognition of the word (RT) remained
constant for all words in the series; that is, if on the first word five
letters were perceived at RT-l and six letters at RT, then the mrm
ence between the perceived fragnents which elicited these same responses
for subsequent words in the list would continue to be one letter, 3ince
it is impossible to determine the size of the fragment perceived at RT,
this being inevitably the correct response, this assumption may be in-
correct, It therefore seemed advisable to make a more direct test of
the response probability interpretation of the practice effect in tachis-
toscopic word recognition, The first experiment in the /seiries of five
reported in this thesis was designed for this purpose, t

The second, third, and fourth experiments tested the effects



of transfer of training on tachistoscopic word recognition. There is
very little information in the literature concerning the transfer effec¢t in
word recognition, although it has occupied a prominen£ position in verbal
learning, Nevertheless, two studies do suggest that transfer of training
might be an important factor in the word recognition 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 of words of mixed frequencies were presented for recognition, and
an experiment by Postman and Leytham (1951) which demonstrated negative
transfer when nouns were presented following the recognition of a series
of adjectives, Since both these results were only incidentally noted
in the two studies, they cannot be considered crucial tests of the
transfer phenomenon and a more detailed study is required, For this
reason, E:ﬁorimmnt 2 tested the influence of three different types of
pre~training, that is high frequency words, numbers,and tachistoscopic
adaptation, on the subsequent tachistoscopic recognition of infrequent
words, Experiment 3 was designed to investigate the effects of three
different levels of 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 tachistoscopie recognition
of infrequent words, when pre~training with low frequency words was given
outside the tachistoscopic situation.

The fifth, and final, experiment tested an hypothesis suggested
by the preceding experiments; that is, that learning to fixate imnmediately
prior to the presentation of the stimulus word is an important deter-



minant of word 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, as will become evident

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



CHAPTER TWO
HISTCRICAL REVIEW

The experiments described in subseguent chapters of this thesis
fall into the general area of pofco’ptual learning, It would seem
appropriate, therefore, to attempt a broad definition of perceptual
learning before proceeding with a summary of the studies which form the
background for this research, and to deseribe the manner in which tachis-
toscopic word recognition exemplifies a method of studying this topie.
Recently 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 (1963) defines perceptual learn-
ing as "any relatively permanent and consistent change in the perception
of a stimulus array, following practice or experience with this array"
(pe 29). Postman (1955), on the other hand, is much more cxpiieit when
he defines perceptual learning as "changes in stimulus-response relation-
ships under controlled conditions of practice" (p, 440). Attention is
directed particularly to the diserepancy in the terms used by these two
authors to describe the important variables in the operation of percept-
ual change, For example, in Gibson's definition how can one measure
"a change in the perception of the stimulus array"? This change can only
be inferred from the responses an individual gives to the s timulus
object, Thus, both definitions are ultimately reduced to the same t erms,
that is changes in the stimulus-response relationship. Because of the

5



clarity and specificity of Postman's definition, future references to
perceptual learning will imply this type of change.

The recognition of words, projected in a tachistoscope, has been
one of the popular methods of studying perceptual learning, The tachis-
toscope, an instrument first used by Cattell in 1885 (Woodworth, 1938),
permits the presentation of stimuli under controlled conditions of
exposure time and illumination. A measure of the threshold of recogni-
tion of a stimulus is obtained by systematically varying one of these
dimensions, while holding the other one constant., The typical procedure
is to present the stimulus initially at a level well below that required
- for recognition, and then to increase either the exposure time or the
brightness level in diserete 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 stimulus provide the experimenter
with a rough estimate of the amount of information perceived by the sub-
Ject at successive levels of stimulation., These cxpsrimntai operations
permit an accurate measure of recognition thresholds, which in turn allow
inferences to be made concerning the nature of perceptual learning.

Since the experiments carried out in this research are solely
concerned with tachistoscopic recognition, a review of the literature of
the area will be dealt with fully in this chapter. First, however, an
attempt will be made to briefly characterise the historical background
of the field, and to indicate the directions of contemporary research,



The Area of Perceptual learning

Although perceptual learning has only recently been recognized
as a distinctive area in psychology, speculation about perceptual exper-
ience as a learning process can be traced back to Locke, who proposed
that individuals learned to form their perceptual world through the
association of sensory elements. This notion, of course, was simply one
aspect of the long-debated question of nativism versus empiricism. The
nativists (for .cmple, Descartes, Hering and Kant) assumed that the
sensory organigation of the external world was a ‘given' to an individual
at birth; changes occurred as new experiences d eveloped, but the hard
core remained the same. The empiricists (for example, locke, Berkely,
Hume and J. B, Mill) argued that the mind was a 'blank' in the beginning
and it was only through the experiencing of things and events that know-
ledge was obtained. Although this argument erupts occasionally today,
few contemporary psychologists accept a completely nativistic viewpoint.

One of the first empirical tests investigating the notion that
perceptions are learned was performed by Sanford in 1888*, This author
reported that practice in viewing a series of letters i.ncreaud the
visual acuity of his subjects., From that time until the present, a
voluminous literature has accrued demonstrating the effects of lgo.ming
on various types of pomytﬁal processes. Since the area covered by
this topic is almost as extensive as the concept of perception itself,
it is beyond the scope of the present chapter to attempt a complete
review of the literature. The reader isr eferred to books by Woodworth
(1938), Boring (1942), and Voodworth and Schlosberg (195L), as well as

1, See Woodworth (1938),



articles by Gibson (1953) and Ammons (1953) for a summary of the major
studies covering the period until 1952,

With the assignment of a separate chapter in the 1960 volume of
the Annual Review of Psychology, perceptual learning attained the status
of a major area of research in psychology. In his chapter, Drever (1960)
summarized the research of the previous decade, The more recent liter-
ature on perceptual learning has been covered in comprehensive reviews
by Gibson (1963) and Postman (1963).

A perusal of the aforementioned publications indicates that
perceptual learning can be divided into two welledefined, though over-
lapping, areas 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, Typieal
experimental designs employed in this approach include (a) comparisons
of perceptual development at different age levels, (b) sensory depri-
vation experiments, and (e¢) studies of extra-stimulation (Dember, 1960).
mQ noeém approach is concerned with repeated experience of stimulus
patterns during a limited time span, Here, perceptual changes are
observed by comparing scores taken before and after pr#ctieo, a by
repeated measurements taken during a specific practice period. Our main
concern will be with studies using the second approach, although it is
obvious Wt the past experience of an individual enters into all per-
ception and therefore it cannot be entirely ml;udod from consideration,

A further restriction on the scope of this Historical Review

is necessary since a large number of studies subsumed under the second



approach are irrelevant to this research, These include experiments on
visual aculty, perceptual conat.amiee » and illusions, These topies have
already been summarized elsewhere, and the general conclusion is that
pewaptﬁnl judgments and diseriminations of these types improve with
prastice (see Gibson, 1953; Brunswik, 1955, 19563 Ittelson, 1951, 1962).

Consequently, the studies chosen for report in this chapter are
limited to those involving the tachistoscopic recognition of words,
letters and numbers, and to the effects of practice on the identification
of such stimuli, Attention will first be given to a few notable studies
which laid the foundation for the later research on tachistoscopic word
recognition, Following this, a summary of the more important contempor-
ary experiments in this area will be presented,

Harly Studies

A problem of considerable interest to experimenters during the
last quarter of the nineteenth century concerned the ralatintiahip between
eye movements and reading ability, In studying this question, Javall
(1878) noted that two definite receptor processes took place during the
course of reading a line of print., He described the first as t he quick,
s&wa&ie movements of the eyes from word to word, and the second as
fixation pauses intervening between these movements. OSome twenty years
iater, Erdmann and Dodge (1898) reported that it wus only during the
actual fixation pauses that m@tim was received about the stimnlm

1, The review of experiments in this section is mainly taken from
Woodworth (1938), Chapters XXIII and XXVIII, and Woodworth and
Sehlosberg (19‘5155, Chapters 5 and 17,
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and that only a blur appeared during movement of the eyes (Tinker, 1931;
Jasper and Walker, 1931; and Clark, 1934, have since confirmed this,
using more refined instruments)., Following this discovery, Erdmann and
Dodge (1898) suggested that each fixation pause in reading might be
considered equivalent to one brief exposure of stimuli in the tachis-
toseope, Thus, this instrument was established as a tool for 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 if words were
recognized more readily than nonsense syllables, Cattell found that two
short words could be identified at the same exposure duration as could
three to four unconnected letters. He suggested that it was the 'total
word picture' which permitted meaningful material to be recognized
easier than mere letters, Pillsbury, in 1897, attributed a similar
finding to the 'general shape of the word', including its length and
the dominant letters. Both these findings,that it is the 'total word
picture' and the 'general shape of the word' that are important, imply
that an individual's familiarity with a 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,
Wilkins presented a series of phrases to subjects for exposure d urations
varying between 50 and 100 milliseconds. The phrases were presented in
the following manners "ashout at, .4 talder — n o o nerinenter found

Irvington poweum
that there was a significant tendency for subjects to respond to these
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two phrases with "Washington Irving" and "talcum powder", respectively.
Wilkins interpreted his results as indicative of the influence of fam~
iliarity in determining the recognition of words atv short exposure times.

Ancther factor shown to be important in word recognition was the
position of the letters in a word., A study by Wagner (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 always include those in the 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 fifteen letters from the fixation point and still be
identified, Hamilton (1907) reported, on the other hand, that when words
were presented closer to fiﬁtim, a number of the letters in the word
were frequently misperceived. - The misperceptions, however, were
usually similar in structure to the stimulus word; for example, 'Lhere'
might be reported as 'these'. An experiment by Korte (1923) in-
dicated that capital letters could be recognized at greater distances
from fixation than could lower case letters, and that both types
of single letters could be read further from fixation than could
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words. Further, Korte found that the longer the word, the closer it
must be to the fixation point to be recognized,

More 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
that two letters could be reported correctly at considerably less dis-
tance from fixation than a single letter, Woodrow attributed this find-
ing to & 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 'misperceptions' reported
by Hamilton (1907), and for lagner's (1918) finding that the first and
last letters of a word were recognized sooner than were the middle letters.
With first and last letters, masking would only occur on one side of the
letter,

It is evident that these early studies not only contributed a
well-controlled technique for measuring visual recognition thi-eshold-,
but they also suggested a number of variables that deserved further
examination. Included amongst these were such stimulus factors as
length and structure of words, position of letters, and the variable of
word familiarity. Strangely enough, a long period of time was to elapse
before further connidaration 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
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studies which stimulated this interest, and then deal at greater length
with the experiments which have demonstrated the major determinants of

tachistoscopic word recognition,

Recent Studies

The first of the two studies referred to above was by Bruner
and Goodman (1947) and is described mainly because, as Prentice noted
(1956, p. 29), it initiated a good deal of the recent experimentation
on perception, These experiments attempted a "functional" analysis of
perception deseribed by Prentice (1956) as "a personal 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
individual® (1956, p. 29). Allport suggested the term "New Look" te
characterize the study of the effect of motivational and emotional
variables on the perceptual process, Previously, research in the area
was largely concerned with examining properties of the stimulus as
determinants of perception.

In the first of the "New Look" studies, Bruner and Goodman
(1947) had two groups of children estimate the sizes of coins of various
denominations; 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 overestimated the sises of the coins significantly
more than did the wealthy children, with the amount of overestimation
inereasing with the value of the coin, Bruner and Goodman (1947)

interpreted these results as indicating that the subjective needs of



an individual influence to some extent his perception of objects,
In addition, they stated that "socially valued objects are suscept-
ible to behavioral determinants in proportion to their value" (1947,
pe 39.1)

The second study, that by Postman, Bruner and MeGinnies
(1948), is of particular importance since the results reported led
to the whole question of word frequency as a determinant of recog-
nition thresholds, This study investigated the relation between an
individual's value orientation and his recognition of words related
to those values, An individual's values were determined by his scores
on the Allport-Vernon Scale of Values (1946). The prediction was
that recognition thresholds for words relevant to a subject's dominant
value area would be significantly lower than for words related to a
less valued area. The reéult.a supported this prediction; that is, »
a significant inverse relation was found between value scores and
recognition thresholds, Fostman et 2l (1948) coneluded that an
individual's value orientation selectively influences his perception
of words (3ee also Haigh and Fiske, 1952; Vanderplas and Blake,
1949; Adams and Brown, 1953; Brown and Adams, 1954).

In addition to measuring the recognition thresholds of
the words, Fostman et al (1948) analyzed the responses given

1. It might be noted incidentally that the results obtained
by Bruner and Goodman (1947) have proved diffieult to
reproduce (see Carter and Schooler, 1949).



immediately prior to correct recognition (that is, RT-1), Their
analysis shoved that valued stimulus words tended to elicit govaluant
words as responses, while lows-valued stimulus words tended to evoke
W words and nonsense syllables., The authors proposed
two consepts tm' explain these results. The first, selective sen-
:itiutioa, suggested that individuals tend to selectively perceive
objects and words that are important to them, The second concept,
perceptual defense, implied that individuals tend to defend them-
selves from percelving words anmd objects that are threatening to
them, The introduction of these two concepts immediately caught
the imagination of numerous psychologists, who proceeded teo test
the relationship between these hypothetical processes and various
emotional and motivational stimuli, These studies have already
been reviewed by Jenkins (1957), so no further reference will be
made to them here,

At the same time, other psychologists were extremely
eritical of the sensitisation and defense concepts, and began
investigating other variables to account for the differential
thresholds observed in the Postman et al (1948) study. These
investigations are directly concerned with the problems studied
in this thesis and will be discussed at length below,

The first, and probably the most persistent eriticisms of
the defense and sensitization concepts appeared in articles by
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Howes and Solomon (1950, 1951)1 and Solomon and Howes (1951), In this
lastementioned paper, the authors suggest that the resulits of the
Postman et al (1943) experiment might be merely an artifact of the
differential frequency of the words employed., They repeated this
study, using words equated for frequency according to the Thorndike-

1., In these two articles, Howes and Solomon (1950, 1951)
criticize a study by MeGinnies 11%9) on perceptual defense, In this
study, MeCinnies reported significantly higher thresholds for taboo
words than for neutral ones., In addition he found that the galvanie
skin responses were greater for pre-recognition responses to taboo
words, He interpreted these results in terms of a mechanism of defense,
which operates below conscious awareness, thus defending the subject
from perceiving inimical stimuli, (see alsc lLazarus and MeCleary,

19513 MeCleary and lazarus, 1949).

This study was critized on two counts by Howes and Solomon
(1950, 1951): (1) the frequency rating of the taboo words was lower
than that of the neutral ones; and (2) it was possible that the subject
was reluctant to repeat taboo words to the experimenter, and therefore
suppressed his responses until he was sure he was correet, In support
of their first criticism, Howes and Solomon (1951) repeated the
Melinnies (1949) study with the frequency of the two different types
of words equated; they failed to find a difference in threshold, How=
ever, MeGinnies and Adornetto (1952) found higher thresholds for taboo
words, even with the frequency variable controlled., It has been
suggested that individuals differ in their use of taboo words, and
these opposing results could be explained in terms of different pop-
ulations of subjects. With regard to the second eriticism, two lines
of evidence secn to favor the response suppression interpretation,
First, subjects have admitted that they deliberately withheld their
reports (MeGinnies, 1949; Cowen and Beier, 1950, whittaker, Gilchrist
and Fisher, 1952). Secondly, forewarning the subject of taboo words
resulted in insignificant differences in threshold (Postman, Bronson
and Gropper, 1953; Lacy, Lewinger and Adamson, 19533 Freeman, 1954).
However others have reported higher thresholds for taboo words even
with forewarninz (Beier and Cowen, 1953; Cowen and Beier, 1954 and
Cowen and Cbrist, 1958). The opposing results of these experiments
have failed to resolve the issues concerning the perceptual defense

concept.
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Lorge (1944) general word count,l The words were chosen so that an
equal number of high frequency and low frequency words were relevant

to each of the value areas, The results indicated that the effect of
frequency was highly significant, while the effect of values was insig-
nificant, However, there was a signifiecant interaction found between
the low frequency words and values, suggesting that values were effect-
ive in reducing recognition thresholds when low frequency words were
prenntaé as stimuli, (see also Postman and Schneider, 1951). Solomon
and Howes (1951) attributed this interaction to the idiosyncratic
frequency of usage of words by the individual., They argue that a
person who is keenly interested in a particular subjeet will read more
material pertaining to that subject, thus familiarizing himself with
the vocabulary, The authors conclude that lower thresholds for high
value words and higher thresholds for low value words can readily be
explained in terms of frequency of past usage. This point has been
hotly debated by psychologists who view perception from a functional

1. The Thorndike Lorge Word Counts (1944) are the most commonly
used word frequency ratings in tachistoscopie experiments, The book
eontains 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 was used in a sample of 4.5 million words of text,
taken from five popular magazines published between 1928 and 1939, The
words range in frequency from very common (those occurring over 100
times per million) te extremely uncommon words (those occurring once in
every four million)., The validity of these counts as estimates of
frequeney of usage of the words seems to be well-established for a
population of undergraduate college students, Wispé and Dramberean
(1953), Howes (1954a)and Zigler and Yospe (1960) have all reported
highly significant correlation coefficients, ranging from +.,78 to +.88
between students' ratings and the Thorndike-lLorge estimates of a large
number of words,
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viewpoint on the one hand, (e.g. Adkins, 1956; Bruner, 1957a, 1957b;
Jenkins, 1957) and by those who subseribe to a stimulus-response
interpretation on the other hand (e.,g. Solomon and Postman, 1952;
Howes, 1954t; Goldiamond, 1952). Since this controversy is quite ir-
relevant to the present research it will not be discussed further.
We shall now turn our attention to an examination of certain of the
variables which have been shown to facilitate tachistoscopic word

recognition,
Stimulus Variables

Cattell (1224) and his contemporaries pointed to a number of
properties of the stimulus word itself which were cues to its reg-
ognition, But it was only with the renewed interest in word recog-
nition stimulated by the functional approach to the analysis of
perception that these variables were re-examined, During the interim
period, one significant change had taken place in the mtfnod of pre=-
senting word stimuli, Whereas early experimenters tended to type
the words in lower case print, current investigators almost without
exception print the _ot.imnlus‘ words in capital letters, This modern
method ténds to destroy some of the structural features fqtmd when
lower case print is Auscd; such as projections of letters above the
line of print (1, f, t, etc,) and the dot over the letter 'i', ‘
Although capital letters do reduce some of the cues, the structure
of different words cannot be entirely controlled by this practice.
For example, Howes and Solomon (1951) observed that letters composed
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of only a few constant lines (I, J, L, T) tended to have low recog-
nition thresholds, while those letters having a number of lines (N,
N, 5, W) and those bearing a similarity to other letters (C, G, 0)
tended to have high threshclds, When words are used as stimuli, it
is impossible to equate their similarity., However, since most words
of any length are a heterogeneous mixture of letters, it would be
expected that the variability introduced into the data as a result of
the shaﬁ of the letters would be minimal, ' |
Another aspect of word structure which clearly serves as a cue
in recognition is that of length, MeGinnies, Comer and lacey (1952)
studied the effect of this variable on tachistoscopic word recognition,
varying both the length of the word and its frequeney. Their results
indicated that recognition thresholds were a linear, increasing function
of word length, and a linear, decreasing function of woré.frequ«ancy.
That is, the longer the word the more difficult it was to recognize,
and the higher the frequency of the word the easier it was to recognize,
The authors also reported that longer words elevated thresholds more in
the case of infrequent words than with frequent words, Similar find-
ings were reported in a subsequent experiment by Hwbiggiﬁg and Hay
(1962). .
Rosenzweig and Postman (1958) investigated the influence of word
length on both visual and auditory thresholdsl, holding the word fre-

quency variable constant, The visual test showed the recognition

1, Auditory thresholds are obtained by presenting the stimulus
in the presence of a white noise, The signal-to-noise ratio
is then gradually increased, in discrete steps, until recog-
nition ocecurs,



thresholds to be an increasing function of word length, while the oppos-
ite effect was demonstrated in the auditory test, that is, recognition
thresholds were a decreasing function of word length in audition. There
were two aspects to the explanation suggested by the authors for the diff-
erential effects observed with the two sense modalities. First, the dur-
ation of stimulus exposure, a well-controlled factor in visual recognition,
varied with the length of the word in aural presentation; long words took
longer to say than did short ones. The fact that exposure duration was

a direct function of word length in auditory recognition might weill
explain the differences noted between the two sense modalities., Second,
Rosenzweig and Postman (1958) suggested that when long words were pre-
sented awrally, there was a greater chance of the subject responding
correctly when he perceived only a fragment of the word. This suggestion
followed from an examination of the pre-recognition responses, which
indicated that significantly more complete words were given in the aud-
itory test, while more nonsense syllables or mere letters were reported
when words were presented visually. It appears, then, that the recog-
nition process differs with the sense modality employed. With auditory
presentation, the tendency is to guess a word when a fraguent has been
perceived; with visual presentation the process appears to be more
analytic; that is the subject tends to respond w:l.f.h the letters he has
perceived, and then buillds onto this fragment with successive exposures
(see also Postman and Hosenszweig, 1956). The role of perceived fragments
in the correct identification of tachistoscopically presented words

will be the subject of more extended discussion in a later section.
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Attention will now be given to the variables of meaningfulness,
frequency and recency, These variables are difficult to classify since
they are obviously a function of both the stimulus word and the individ-
wil subject being tested, We have, therefore, adopted Brown's (1961)
term, 'stimulus~tied', to identify the variables described in the follow-
ing section,

Stimulus-tied Variables

The effect of word meaningfulness on tachistoscopic recognition
thresholds has been investigated using various indices of meaningfule-
ness, For example, Haslerud and Clark (1957), after obtaining the
-recognition thresholds for a number of infrequent words, merely asked
their subjects if they knew the meaning of each word, They reported
that the recognition thresholds were lower for words of known meaning
than for those of unknown meaning,

Another measure of meaningfulness is provided in a Semantic
Differential profile prepared by Jenkins, Russell and Suei (1960).

This table lists 360 words, which are rated according to their conno=-
tative meaning on a number of Semantic Differential Scales, Johnson,
Thomson and Frineche(1960), selecting words which had been rated at the
extremes of the good-bad scale, found that 'good' words had much lower
recognition thresholds than 'bad! words, This finding was also obtained
in a later study by Newbigging (19612 ),

Kristofferson (1957) used Noble's (1952) measure of meaning (m)
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in a study which tested the effects of both meaningfulness and f requency
on recognition thresholds., The m rating of a word is the number of
associations it evokes in a given period of time. Kristofferson (1957)
reported a signifiecant negative correlation between thresholds and both
meaningfulness and frequency, with the correlation being higher in the
case of frequency.

Noble (1953) has pointed out that these two variables, meaninge
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 meaningfulness,which is
independent of the frequency factor. The frequency of usage of a
word, on the other hand, has been extensively investigated, and its
effects on tachistoscopic recognition thresholds well~established.

A number of references to the frequency variable have been made in the
preceding pages of this chapter, but a detailed discussion was poste-
poned until this point because of the extreme importance attached to
this variable in the interpretations of the tachistoscopiec recognition
process to be described in the following section, 4

Howes and Solomon (1951) were among the first experimenters to
examine the relationship between the recognition threshold of a word

and its frequency of occurrence,t They presented seventy-five words,

1. As noted above, these same authors (Solomon and Howes, 1951)
attempted to provide an interpretation of the value-recognition
threshold relation reported by Postman, Bruner and McGinnies (1948)
in terms of word frequency as an alternative to perceptual sensitization
and perceptual defense,
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which varied widely in their frequeney ratings, to subjects for tach-
istoscopic rocognition. Three separate measures of recognition
thresholds were obtained for each of the words; the mean, the median,
and the mean of the ten lowest thresholds of each word for the 20
subjects, Howes and Solomon (1951) reported that the time required
for the correct recognition of a word was an approximate linear, de-
ereasing function of the relative log frequency of usage of 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 response variable rather than a property of the stimulus
word.,

This inverse relationship botwuoé recognition thresholds and
word frequency has been repeatedly demonstrated in studies using a
wide variety of words, Howes (1954a) reported obtaining this same
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 Dramberean (1953) found that frequency influenced recognition
thresholds of need-related words, while Delucia and Stagner (1953),
and Fulkerson (1957) reported a similar finding with socially taboo
words, Other experimenters who have demonstrated the word frequency-
recognition threshold relationship include Freeman and Engler (1955),
Engler and Freeman (1956) and Newbigging (1961b). The effects of

frequency on value words and on word length were described earlier



in this chapter in some detail (see p, 15 and 16 for 'value', and p,
18 for 'length').

In view of the evidence c¢ited above, it is perfectly clear that
word frequency must be considered one of the major determinants of word
recognition, However, the results of these studies were based on
frequency estimates taken from popular word counts; such counts fail
to reflect individual differences in fregquency of usage and these
differences would undoubtedly produce considerable variability in the
experimental data,

Solomon and Postman (1952) carried out an experiment designed
to control this individual difference variable., First, the subject was
required to read and pronounce 2i, different nonsense words repeated
with different frequencies on each of 100 cards, Ten of the nonsense
words, that is, two from each of five different frequency categor-
ies, were then presented for tachistoscopic recognition, together with
ten new nonsense words and ten English words, Solomon and Postman
(1952) reported that the recognition thresholds varied inversely with
the frequency of past experience, thus verifying the results obtained
with words selected from the frequency tables, It was also observed
that the greatest threshold differences occurred between the novel
stimuli and the nonsense words that had been shown only once in the
pre-~training series, with a sizable drop between the once- and
twice-experienced nonsense words, followed by a linear decrement
between the two and twenty-five frequency values, The authors inter-
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preted these results as indiecative that the frequency of past usage of a
word was an important determinant of the response strength of that word,
Other experimenters who have duplicated these results using a
similar procedure ineclude Vanderplas (1953), Cohn (1954), King-Ellison
and Jenkins (1954), Baker and Feldman (1956), Leytham (1957) and Taylor
(1958), Fostman and Rosenzweig (1956), Forrest (1957) and Sprague
(1959) reported the same inverse relationship when the frequency of
prior experience with the stimuli was established by auditory training.
It is eminently clear that one of the most important variables
in tachistoscopic recognition is frequency of past experience with the
stinulus., In a later section, the role that word frequency has assumed
in attempts to interpret the word recognition process will be discussed,
Postman and Solomon (1950) have reported that receney of prior
experience with a stimulus word was also an effective variable in its
recognition, Recency was established by having subjects first attempt
to unseramble words in an anagram test. thnv the words were then
presented for taehi:toiwpto recognition, those words which had been
failed in the anagram test were found to have lower thresholds than
completely novel words, The authors suggested that recency of exper-
ience in perceiving letters facilitated subsequent recognition of a
word composed of those same letters (see also Miller 1954; Eriksen and
Browne 1956).
In a similar experiment, Newton (1956) used words which had
recently been seen in a paired-associate learning task, The author
reported that the recognition threshclds were lower for the previously
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perceived words than for control words.

Summarizing the experiments on stimulus-tied variables, it is
evident that both frequency and recency are significant factors in the
tachistoscopic recognition of words, whiie the effect of meaningfulness
remains somewhat ambiguous. However, it is possible that all three
variables are confounded to some extent, since both recency and meaning-

fulness are known to be related to frequency.

Stimulus ~ Response Relations in Recognition

(ne of the earliest attempts to interpret the tachistosecopic
recognition process was made by Solomon and Postman (1952 ). Working
within an associative learning framework, the authors suggest that the
recognition process is a joint function of sensory information and
response probability. The probability of a response is to be inferred
from the frequency of usage of the word., Sensory information, on the
other W, depends on cues provided by the stimulus word, and the
duration of its exposure., It is assumed that at short exposure dur-
ations only a fragment of the stimulus word will actually be perceived.
Since this fragment may be common to a number of words, several diff-
erent responses are possible. The particular response given will depend
on the relative response strengths of all the words containing the
fragment, Since the probability of a response can be adequately pre-
dicted from its frequency of usage, the responses elicited at brief
exposures will tend to be high frequency words, Thus, if the visually

presented stimulus is a high frequency word, the correct response is
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probable, If, however, an infrequent stimulus word is presented, then
the response is likely to be incorrect. Solomon and Postman (1952)
refer to this latter situation, where a low frequency word elicits a
high frequency response as 'response interference', The authors further
assume that, following an incorrect response, each successive exposure
duration will tend to increase the size of fragment perceived, thus
reducing the number of competing responses, The correct recognition of
a low frequency word, then, depends on increasing the amount of effect-
ive stimulation and restricting the number of response alternatives,

This analysis of word recognition readily explains the inverse
relationship found between recognition thresholds and word frequency.
Purther hypotheses suggested by this interpretation have recently been
tested experimentally; these will be diseu:aodlbolew.

Response-related Variablest

Because response probability played such a major role in the
Solomon and Postman (1952) formulation, the question was raised
whether it was frequency of exposure to the stimulus, or frequency of
responding to the stimulus that determined the recognition threshold.
In other words, did frequency affect the process of perceiving or of
reporting? This question was investigated by Postman and Conger (1954)
in an experiment involving the tachistoscopic recognition of t 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
"Response-related Variables" and "3timulus-related Variables",
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(that is, part of a word), For example, the letters FOR could be a word
in itself, or part of a longer word such as FOREIGN. The Thorndike-
Lorge word counts (1944) furnished an estimate of the frequency of occur-
rence of the letters as wofds, while their frequency as trigrams was
taken from 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 of recognition. They
stated: "the speed of recognition of letter sequences varies signif-
icantly with the strength of the verbal habits associated with such
stimuli. There are no demonstrable effects of sheer frequency of ex-
posure* (1954, p. 673).

Neisser (1954) examined the same question as Postman and Conger
(1954) but employed a different experimental procedure, Neisser's subjects
were first given a list of twelve words to study for one minute, Tach-
istoscopie recognition thresholds were then obtained for five words
from this list, five words which were homonyms of words in the list,
and five control words, The results indicated that the recognition
thresholds for the previocusly experienced words were lower than for
either the homonyms or the controls, which did not themselves differ,
Neisser concluded: "Since the same verbal response is .omployed in a
homonym as in reperting 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 faecilitating the corresponding verbal responses" (1954, p. 402),
Ross, I&ram and Williams (1956) repeated Neisser's experiment, but
found that homonyms did tend to give lower thresholds, Neither of these two
studies, however, can be considered completely adequate tests of the
frequency of perception-frequency of response question, When a homonym
is used as the stimulus both the configuration ami the meaning of the
original word tends to be lost., This might account for 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 intheir study to establish differential frequencies
of past experience with nonsense syllables. Following an interpolated
activity, the subjects were told that the same 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 each card was arbitrarily pre-determined by the
experimenters. This technique yielded an inverse relationship between
the frequency of prior experience with nonsense syllables and "recog~
nition thresholds"”, Goldiamond and Hawkins (1958) argued that recog-
nition threshold experiments can be explained simply in terms of response
bias, without recourse to any additional stimulus or organismic variable,
Newbigging (1960) repeated the experiment by Goldiamond and
Hawkins, but employed value-related words as training stimuli instead
of nonsense syllables, Newbigging found that the "resognition thresholds"
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for words congruent with dominant values were lower than those for words
congruent with non-cominant values. In interpreting the results, New-
bigging pointed to an important difference between the pseudo-perceptusl
task given in these two experiments and the commonly used tachisto~
scopie procedure. In the two preceding experiments the subjects were
informed that one of the previously experienced stimuli would be
presented, thus severely limiting the number of responses that could be
given. In the usual tachistoscopic experiment, the number of possible
responses is unlimited, and therefore the subject must receive some
suss fren the shimulne bafers he san be expected to identify it cor-
rectly. Thus, the Goldiamond and Hawkins (1958) study indicates that
response bilas can be established to a limited number of words through
training. However, it is obvious that response bias cannot explain
the inverse relationship found between word recognition thresholds and
word mqmcyl. |

It will be recalled that Solomon md Postman (1952) in their
discussion of the tachistoscopic recognition process suggested that
increasing the amount of stimulation has the effect of restricting the
number of alternative responses, thus raising the probability of the

2

correct one. In studying the effects of response restriction”, two

different procedures have been used., In the first, the subject is given

1. Postman (1963) makes substantially the same point in his
discuseion of the Goldiamond and Hawkins (1958) etudy.

2. These studies have also been referred to as establishing
a response set for a particular class of stimuld.
(see Postman, 1953).
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information concerning the class of stimuli to be presented, Ixperi-
menters who have employed this procedure include FPostman and Bruner
(1949); Postman, Hronson and Gropper (1953); Preeman (1954); and Taylor
(1956), These authors all agreed that previous information concern-
ing the class of stimuli to be presented increased the probability of
the correct response, and this increase in response probability was
manifested in a decrement in the recognition threshold., The second
method employed to restrict the number of alternative responses involves
the recognition of a series of stimuli, which have a speecific character-
istic in common, Illustrative of this method is a study by Pulkerson
(1957), who measured recognition thresholds for a random series of
taboo and neutral words, The results showed that the first taboo word
had a much higher recognition threshold than the other taboc words in
the series, while this effect was not found with the neutral words (see
also Bitterman and Kniffin, 1953).' Fulkerson attributed these findings
to 'habituation' to taboo words; that is, following the recognition
of the first taboo word, the subject limited his responses to this word
class, thus inereasing his chances of being correct at shorter exposure
durations, With the neutral words there was, of course, no common
ah;rmteriatie available, and consequently no change in threshold was
to be expected,

The results of these studies tend to support the proposal that
restricting the number of alternative responses either by instructing
the subject, or by having him recognigze a series of stimuli of one
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particular class, has the effect of increasing the probability of the

correct response,

Stimulus-related Variables

Most of the evidence on changes in sensory information obtained
on successive presentations of a stimulus word has been based on data
provided by pre-recognition responses. For example, Joardman (1957)
analyzed the pre-recognition responses for a series of words which had
been presented tachistoscopically., The results of this analysis ine
dicated that the similarity between the pre-recognition responses and
the stimulus word increased progressively with successively longer
exposures,

In a more extensive study, Newbigging (1961b) obtained similar
results. This author defined the recognition process as one in which
the stimulus word is redintegrated from a seen fragment, The assump-
tion is made that at each longer exposure of the stimulus, a larger
fragment of the stimulus word is perceived; the perceived fragment is
then incorporated into the verbal response given by the .anbjﬁet. Ul-
timately, a sufficiently large fragment is perceived to elicit the cor-
rect response, Further evidence in favor of a redintegrative process
came from Newbigging's (1961b) report that the similarity between the
responses immediately preceding correct recognition (RT-1) and the
stimulus word varied inversely with the f requency of occurrence of
the stimulus word being presented. This finding agrees with Solomon
and Fostman's belief that 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. iinelly, Newbigging (1961b)observed that the pre-recognition res-
ponses given to infrequent words were significantly less frequent in
occurrence than those given to frequent words. Since infrequent words
take longer to recognige, this finding appears to be consistent with
Solomon and Postman's suggestion that the fregquency of the response
word varies inversely with the duration of exposure of the stimmlus,

Additional support for a redintegrative process in tachisto-
scopic recognition came from a series of studies on the non-independence
of successive response (see Blake and Vanderplas, 1950; Verplanck,
Collier and Cotton, 1952; EBricker and Chapanis, 1953; Collier and
Verplanck, 1958). These studies revealed that the probability of a
response on a given presentation of the stimulus word depended to some
extent on previous responses given to that word™.

An interesting experiment was reported by Fostman and Adis~Castro
(1957). These authors compared the recognition thresholds for a list
of words which had been presented to one group of subjects using the
Ascending Method of Limits and to another group by the Method of Random
Series. In their experiment, use of the Ascending Method of lLimits
involved presenting a word first at 20 milligeconds, and then increasing
the exposure duration by 10 millisecond steps um.il the word was correctly

1. Studies reported by Bricker and ceupm. (1953), Murdock
(1954) and Lysack (1954) afford further evidence for the non-independence
of successive responses. These authors observed that when subjects were
allowed more than one response at each exposure of the stimulus word
thresholds were lower than those obtained when subjects were permitted
only one response., This finding suggests that if the first response
elicited by a percelved fragment is incorrect, the next response will
be the second most probable word which incorporates the fragment. This
is consistent with the redintegration process for tachistoscopic recog-
nition proposed by Newbigging (1961b)
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rccosniud.l With the Method of Handom Series, all of the words were
first presented at 20 milliseconds, and at each longer exposure all
words were shown again in a different random order, This procedure was
continued until the entire list of words had been recognized., 'hile
the Method of Limits yielded slightly lower threshold scores than did
the Method of Random 3eries, the difference was nctsignificant, This
suggests that previous responses to a stimulus word do not actually
facilitate the recognition of that word; rather they serve as cues to
the process of recognition,

A study by Haselrud and Clark (1957) was concerned with the
parts of a stimulus word which constituted the effective fragment.
Wagner had earlier suggested that the first and last 1atter§ of a ran-
dom sequence of eight letters were recognized more readily than the mid-
dle ones (see p. 11, this chapter), Haselrud and Clark (1957) presented
their subjeets with nine-~letter words for recognition at a constant ex-
posure duration of 40 milliseconds, Fach subject wos requested to first
guess the identity of the word, and was then given a list of five words
from which to select the one exposed, All of the words which made up
this list had the same first and last letters as the stimulus word, but
were otherwise different, The analysis of the subject's guesses gave
results consistent with Wagner's in showing that the end letters of
a word are more easily recognized than are the intermediate letters,

The authors suggested that the sharp contrast gradient between the end
letters and the white background faeilitated the recognition of the

1, This is the most generally used method of measuring recoge
nition thresholds,
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letters in these positions. Interestingly enough, in the multiple
cholce task where the end letters were not available as cues, since
they were the same for all the words in the list, the middle letters
were found to aid recognition. It appears from these Mtu that the
redintegrative process involves the recognition of letters at the ends
of the word at the earliier exposure durations, and then on subsequent
exposures one or more of the middle letters, until & sufficiently
large fragment is perceived for correct identification of the word.

It would seem reasonsble to conclude from the resulis of the
studies Just reviewed that tachistoscopic recognition consists of a
process of identifying the word presented from a perceived part or
fragment of the word. Further, if the word has & high frequency of
ocourrence, and thus a high probability au a response, or if its pro-
bability as a response is increased by such experimental procedures
as restricting the number of alternative responses, it would be expected
that the stimulus word would be correctly identified from a relatively
small rx-amm. Since, as Newbigging (1961b)has shown, the sige of &
perceived fragment appears to be a simple function of the exposure
duration of the word, the low thresholds of high frequency words and
of words from a restricted list can be readily understood. Thus, the
experimental evidence would appear to support Solomon and Postman's
{1952 ) interpretation of the process of tachistoscopic m@ition :
as involving both sensory information and response probability.

Other interpretations of the recognition process (e.g. Howes,
1954s ; iriksen and Browne, 1956; Spence, 1957) have also been concerned
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with the relation between sensory information and response probabilities,
Howes (1954b),for example, presented a statistical interpretation, which
he termed a R-emission theory. According to this fornulation,_the
emission of a response word depends on the relative strength of it.s base
probability (that is, frequency of past experience), plus its momentary
probability. The momentary probability fluctuates with changes in
environmental and organismic conditions. ‘ Since these two factors summate
to determine tﬁo emission of a response, it follows that a high fre-
quency word (a word having a high base probability) will require less
stimulus information (that is, momentary probability) than will a low
frequency word. VWhile this interpretation affords a feasible explana-
tion of the inverse relationship between word frequency and recognition
thresholds, it does not lend itself readily to further experimental
study.

In their interpretation of the word recognition process, Eriksen
and Browne (1956) and Spence (1957) suggest that the probability that a
response will be emitted at any given time depends upon its position
in the response hierarchy of the individual., The level in the hierarchy
of a particular response word is determined by its past frequency of
usage, and also by a number of organismic and environmental events
associated with that word. At any point in time, the position of a
word in the response hierarchy may be (Kﬁtcrod by frequent usage, and/or
by changes in the organism and environment. According to this inter-

pfotation, then, frequent words and those associated with rewards will
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have lower thresholds when presented tachistoscopieally than infrequent
words and words associated with punishment, The predicted effects of
the frequency factor have already begn clarified, while the effects

of reward and punishment on word recognition have not as ynt‘been
determined,

It is clearly evident that neither of these explanations (that
is, R-emission or response hierarchy) differs essentially Trom the
interpretation proposed by Solomon and Postman (1952) to explain the
tachistoscopic recognition process, In all three analyses, consider-
ation is given both to the role of response probability and sensory
information (or organismic and environmental events). 3olomon and
Postman (1952) and Howes (1954b) emphasize word frequency as a deter-
minant of response probability, while the response hierarchy theorists
tend to lay more stress on the role of reward and punishment, 3ince
all three interpretations would tend to make the same predictions
congerning the problems dealt with in this thesis, 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 to
the experiments which are described in the following chapters,

Iachistoscopic Learning

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

review of those studies of perceptual learning, "which deliberately
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manipulate practice in the experimental situation, or at least guantify
practice which took place outside it" (1953, p. 402). Included in

this review were studies dealing with acuity, sensory thresholds, dise
erimination of relative differences, absolute estimation and rating,
and recognition of patterned stimuli under impoverished conditions of
stimulation, A relatively small amount of space was devoted to tachis-
toscopic studies which simply reflects the rather meagre amount of
experimental work carried out in the area prior to 1953.

In addition to describing the number and variety of conditions
under which perceptual learning occurs, Gibson (1953) summarized
studies which had investigated the effects on perceptual learning of
such parameters as amount and distribution of practice, and reinforce-
ment, Also singled out for particular discussion were the phenomena
of transfer and retention,

Ammons (1954), in a review limited to experiments investigating
the effects of learning on visual form perception, identified as in
need of further study essentially the same parameters discussed by
Gibson (1953). |

Owr intention in the next few paragraphs is to sumarize the
few studies which have examined the effects of learning in tachis-
toscopie word recognition. The seareity of experimental data in this
area limits our discussion to studies concerned with amount of practice,
reward and punishment, and transfer of training,



39

Amount of Practice

Although Renshaw (1945) had observed a practice effect in the
tachistoscopic recognition of numbers, Howes and Solomon (1951) were
the Tirst to describe the relationship between the amount of practice
and the recognition of words, These authors plotted the threshold
scores for sixty words which varied widely in their frequency of ocecur-
rence, They reported a negatively accelerated, decreasing curve, with
approximately three-fourths of the practice effect occurring in the
first qn;fter of 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 recognition of words which differed in both
frequency and length, In their study, nine groups of subjects were
required to recognize nine different lists of words., Three lists were
made up of high frequency words, three of medium rfequoncy words and
three of low frequency unrdaﬁ- Within each frequency, one list con-
tained four-letter words, one seven-letter words, and the other ten-
letter words. Plotting the individual curves for the nine groups, the
authors reported that for all lists recognition thresholds showed an
early sharp drop and then a more gradual decrease with further practice.
The greatestdecrease, however, was observid for the longest and most
infrequent words., With short and frequent words the initial thresholds
tended tc be low so 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 of 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 rewards than for letters not
associated with such rewards. Cohn' (1954) attempted a similar exper-
iment with adult subjects, 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=
jeet of investigation in a number of studies, but the resulis are not
altogether clear, For example, Lazarus and MeCleary (1951) measured
the recognition throshéldu 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 ones, 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 (1954) and Hatfield (1959) found that shock
syllables had significantly lower thresholds than did non-shock syll-
ables,

In a somewhat different type of study, Reece (1954) presented
a list of nonsense syllables, all of which had been paired with shoeck,
to two groups of subjeets for tachistoscopic 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 shoek was not terminated
until the stimulus had been removed, In other wardg, the subject was
rewarded for emitting the correct response in the first instance,
while in the second he was not, Fallawing this training, the pubjoets
were presented with the same nonsense syllables for tachistoscopic
recognition, Reece (1954) reported that the group trained under the
'aveidable shock' conditions had lower thresholds for the shocked non-
sense syllables than did the group trained under the 'unavoidable shoek'
conditions, These findings are in agreement with the response hierarchy
interpretation of word recognition, That is, words which have previous-
ly been associated with reward ('avoidable shock') will move up in the
response hierarapy, thereby 4increasing their probability as responses
and‘lawering their recognition thresholds, Just the opposite would

be pred;nbod for the 'unavoidable shock' words,



While this experiment suggests that reward and punishment ine
fluence word recognition, there is insufficient evidence to afrive at
any definite conclusions concerning the relation between these parameters
and recognition thresholds,

Transfer of Training

This topic is of considerable importance to the present thesis
and will, therefore, be dealt with at some length.

Both Weber (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 tachistoscopic site
uation to a non-tachistoscopic situation did not oeccur when the stimuli
presented under the two conditions differed, Renshaw (1945), on the
other hand, found that reading skill improved following tachistoseopie
training with numbers, Gibson (1953), in her review of studies concerned
with the recognition of forms and other types of stimuli, tended to
agree with Weber's (1942) econclusion when she stated that "perceptual
learning with the tachistoscope transfers only insofar as the test and
training tasks are similar" (1953, p. 419).

Transfer from a non-tachistoscopic training task to the recog-
nition of the same stimuli presented tachistosecopically has been denon=-
strated in a number of studies, (i.e, Vanderplas, 1953; Cohn, 19543
Baker and Feldman, 1956). For example, Solomon and Postman (1752)
presented nonsense syllables different numbers of times outside the

tachistoscopic situation, and then presented these same nonsense
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syllables for tachistoscopic recognition. The results showed clearly
that the thresholds varied as a function of frequency of past experience.

The effect of transfer of training from one sense modality to
another has been studied in a number of experiments. (e.g. Postman and
Rosenzweig, 1956; Forrest, 1957; Sprague, 1959).  In these studies, the
stimuli have been presented either aurally (by having the experimenter
repeat the word out loud to the subject), or visually (by having the
subject read the word). Following training the subjects were presented
with the same stimuli either tachistoscopically, or in the presence of
a 'white' noise.

The most extensive investigation of this type was carried out
by Postman and Rosenszweig (1956). These authors found that significantly
more transfer was obtained when the same sense modality was used for
training and testing, than when two different modalities were used., In
addition, they observed that transfer from vision to audition was much
more pronounced than transfer from audition to vision. As an explanation
of this latter finding Postman and Fosengweig (1956) suggested that under
conditions of visual training the subject could repeat the words sub-
vocally, and that tﬁa would mediate tramsfer to auditory recognition.
A similar mediating mechanism would be unavailable to the aurally-trained
subjects as it is unlikely they would visualize the spoken words, This
is consistent with the results of an experiment by Sprague (1959) who
found that oral practice (that is, repeating the nonsense syllables after
the experimenter) had practically no effect on subsequent reecognition of
the same stimuli presented tachistoseopically,



Contrary findings were reported by both Forrest (1957) and
Weissman and Crockett (1957), who observed that stimuli presented aur-
ally had the.otfeet of significantly lowering visuwal 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 task 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 thresholds 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 correctly identified
the word., Postman and Rosenzweig employed the more usual procedure of
gradually inecreasing the brightness level at which the word was exposed,
These differences might well explain the contradictory results,

Another relov:n£ experiment demonstrated the effect of negative
transfer on tachistoscopic learning. Postman and Leytham (1951) pre-
sented a list of seventeen words for tachistoscopic recognitioﬂ. The
first fifteen words presented were adjectives descriptive of ber:cnal
traits, while the final two words were nouns, The usual practice effect
was found for the first 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)
attributed the sudden increase in threshold for the first noun to a
'set' for adjective responses established during previous training., In
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support of this explanation, they reported that a large proportion of
the pre-recognition responses to the first noun-stimulus were trait-

ad jectives, although these same responses tended to bear a structural
resemblance to the noun-stimulus, These results suggest that, despite
the fact that the perceived fragment was large enough to elicit a
structurally-similar response, the high response probability established
for trait adjectives interfered with the emission of the correct
response, This, of course, is the explanation proposed by Solomon and
Postman (1952) for the frequency-threshold relationship,

The results of the different studies on tachistoscopic learning
appear to warrant the following conclusions, The studies unanimously
find that recognition thresholds decrease as a function of practice; the
practice effect, in turn, ip 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-
flieting results, In respect to transfer of training, both positive
and negative transfer effects have been secured, although no detaliled
study of the phenomena has been made,

% 3 #* # %

The experiments to be described in the following five chapters
of this thesis examine several features of 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 tachistoscopic

reecognition,



CHAPTER THREE

EXPERIMENT 1

Solomon and Postman's (1952) interpretation of the frequency
effect in tachistoscopic word recognition which was discussed in the
previous chapter involves two factors; the first is the sensory infor-
mation provided by brief exposures of the stimulus word, while the
second is the probability as response of words 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 subject, The shorter the
exposure, the smaller will be the perceived fragment. and the larger
the number of words which will include it as a common component., If
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 frequency words, lLarger fragments, common to fewer words,
will need to be perceived to elicit infrequent words as responses. /
Since it has been shown (Newbigging, 1961b) that the size of the frag-
ment recogniged is a simple function of exposure duration, the inverse
relationship found between word frequency and recognition threshold
may be explained in this way,

Newbigging and Hay (1962) extended this interpretation to
account for the substantial practice effect commonly observed in tach-

istoscopic word recognition. They propose that recognition of success-
L6
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ive words from the same frequency class will increase the response pro-
bability of words in that frequency class, If this is the case, then
the correct response will be elicited by progressively smaller fragments
as successive words are recognized. The experiment by Newbigging and
Hay (1962) provides evidence which strongly supports this suggestion,

However, their method of estimating the size of fragment required
to elicit the correct response is indirect. They compare the response
immediately preceding correct recognition (RT-1) with the stimulus word
to obtain an index of similarity, This index is derived by assigning
one point to each letter in the response word which is the same as a
letter in the stimulus word; then, to the total number of points ob-
tained in this way is added one iaoin’c for each pair of letters which is
correct, adjacent, and in the right order. Thus, if the response
"COAT" were given to the stimulus word "CODE", it would receive three
out of a possible seven points, and be scored 43% similar, It is then
assumed that on the following presentation the subjeet perceives only
sufficiently more of the stimulus word to form a large enough fragment
"~ to elicit the correct response, PFurther, when it is observed that the
gimilarity of the RT-l response decreases as successive words are
recognized, it is concluded that the correct response for a word in
position N is elicited by a smaller fragment than is required tor‘ the
first word in the list,

This conclusion is based on the assumption that the gain in
stimulus Womtion on the exposure that results in the correct re-

sponse remains constant from word to word. That is, for example, if



there is a 10% inerease in stimulus information on the final exposure
of the first word, ’chefe is also a 10f inerease on the final exposure

of a word later in the list, It is possible however, that a subject's
skill in tachistoscopic viewing increases in such a2 manner that with a
constant increase in exposure duration he is able to discriminate pro-
gressively more of the stimulus word., That is, the progreaiivo decrease
in similarity between the RT-1 response word and the stimulus word need
not necessarily be paralleiod by a decrease in the similarity of the
fragment which elicits the correct response and the stimulus word,

There would appear to be no way of directly determining the size
of fragment which elicits the correct respohn since that response is,
of course, 100¢ similar to the stimulus word., However, alternative
approaches to investigating the role of changes in iosponu probability
to account for the decrement in word recognition t hresholds with practice
are possible, One such alternative is b ased on the argument that a
greater decrement in the threshold will be observed when successive
words presented for recognition are all from the same frequency class
than when they are from diff&ent f requency classes. In the former
case, appropriate response probabilities will be built up, while in the
latter case they will not., If, alternatively, increases in response
probability are not a factor in the practic; effect, varying the fre-
quency of 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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METHOD

The basic apparatus and procedures, which were common to all five
experiments, will be described in detail only for Experiment I. Differ-
ences in procedursl detail of the subsequent experiments will be des~
eribed in the appropriate Method section. ‘

Sub jects

The subjects were forty-five male and female students enrolled
in Summer School Psycholoyy courses. Thelr average age was 27.3 years,
ranging from 20 to 35 years.

Apparatus

The basic apparatus was a (erbrand'e tachistoscope. This appar-
atus is essentially an L-shaped box with a half-silvered mirror inside,
st 8o as to bisect the right angle of the L. A viewing aperture is
located on the base of the I so that the subject looks directly at the
middle of the mirror. Provision is made for independently illuwminating
the field at either end of the box. When the field at the base of the
L and to the subject's right is illuminated, any stimulus m«m dis-
played is reflected by the mirror and so visible. This field is re-
ferred to as the pre-exposure field and, in these experiments, dieplayed
the fixation aids. Illumination in the other arm of the box enables
the subjest to sse through the mirror any stimmlus materisl displayed
in the end directly facing him. This field is referred to as the
exposure field, and ' is used for the presentation of the stimulus words.
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A mechanical timer controlled the illumination in both fields, UWhen it
was set for some particular interval such as 20 milliseconds, it dark-
ened the pre-exposure field, illuminated the exposure field for that
 interval, and then illuminated the pre-exposure field again. Thus the
pre-exposure field was constantly illuminated except when the exposure
field was on, The timer provided for illuminating the exposure field
for any interval between 10 milliseconds and 1 full second, in 10 milli-
second steps,

The fixation pattern in the pre-exposure field for the first
four experiments consisted of two black, horizontal, parallel lines,
four inches in length and two inches apart. ‘ The stimulus always appeared

in the exact center of the two lines,

Stimulus Material

Three lists of thirty, seven-letter words were selected from
the Thorndike-lLorge (1944) word lists. One list was made up of words
oceurring fifty oi- more times per million (high frequency words), and
a second list of words ocecurring once per three million words (low
frequency). The third list was composed of fifteen words chosen ran-
domly from each of the other two lists, Thus, each of the subjects who
wag presented with the mixed frequeney list for recognition received a
somewhat different list, although the frequency composition was the same,
Further, a restriction was imposed on the order in which the high and
low frequency words appeared in the mixed list, so that three of each

frequency occurred in each successive block of six words, IHach word
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was typed in black, elite capital letters on a white card,

Experimental Design

The forty-five subjects were randomly assigned to one of
three groups, with the restriction that each group include nine males
and six females, Each group was presented with a ditforent word list;
that is, high frequency, low frequency or mixed frequency. The lists
were presented in a different random order to each subject for tach-

istoscopic recognition,

Procedure

Each subject was tested individually, and was read the
following instructions:

"I am going to present some words to you,

one at a time, If you look in the eye-piece of
this apparatus, you will see two lines, The
words I shall show you will appear directly
between the lines, Hach word will be presented
for a very short period of time, and you may
not be able to tell what the word is at first,
However, after each presentation I would like
you to make a guess as to what the word was,
Remember, even if you do not recognize the word,
I still want you to tell me what you think it
was., FEach word will be presented to you several
timee until you have correctly recognized it,.
I shall inform you when you are correct, and
then I shall show you another word, I shall
say 'ready' before each word is flashed, Are
there any questions?" .

If the subject asked any question, relevant parts of the

instructions were re-read to him,
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The asecending method of limits was used, The initial exposure
duration for each 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, ‘"This alteration in initial exposures was introduced to
prevent the subjects from 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 inereased 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,
RESULTS

The main results of this experiment are presented graphically in
Figure 1, and a summary of an analysis of variance of the data is given
in Table 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 statiut@cally significant, The effect of serial
position was, of course, azpaatid, and simply confirms the previously
reported practice effect found in word recognition (Howes and Solomon,
1951; Newbigging and Hay, 1962), The main effect of treatments and the
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53

TABLE 1
SUMMARY OF ANALYSIS OF VARIANCE
OF THRESHOLD DATA FOR THREE GROUPS

Source af M8 F .4
Treatments (T) 2 8083,.48 10.16 <.01
Error (b) L2 79595
Serial Position (SP) 4 4125.95 62,84 <.01L
T x 8P 8 251.22 3.83 <.01

Brror (i) 168 65.66
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treatments x serial position interaction are d irectly relevant to the
purpose of this experiment, and are examined in more detail below,

With regard to the effect of treatments, it is clear from an
examination of Figure 1 that the significant difference is attributable
to the fact that thresholds for 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 Comparison Test (kyan, 1959). This
'b&last showed that the means of the high frequency group differed from
those of 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 fact that these means did not differ is in itself
an important finding when it is recalled that the average frequency of
the mixed list was exactly intermediate between bt.hat of the low and
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 of raising the overall average threshold above that which
would be predicted from the known effect of word frequency on the
threshold alone, Indeed, apart from the first point, the curve for the
mixed list lies slightly above that for the low frequency list.

Turning now to the treatments by serial position interaction,

it is again apparent from an examination of Figure 1 that the rate of
decrement of the thresholds, as successive words are recognized, is

greater for the high and low frequency lists than for 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 1list, 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 frequencies in a striking way. In this analysis, the high
and low frequency words appearing in the mixed list were separated,
and their thresholds compared directly with the threshelds for the
high and low frequency words occupyinz the same serial position in the
homogenous list, If, for example, a given subjeect who recognized a
mixed 1list received the high and low frequency words in the first
block of six in the following order: LF, HF, HF, LF, HF, LF, then for
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, 3, and 5 was ebtaimd; 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, yiulding 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 serisl
position of 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 thre-
sholds for both high and low frequency words mresented in the mixed
list are higher than words of the same frequency, and occupying the
same serial position, in the homogenous frequency lists.

Since the same subjects are represented in the mixed high and
low frequency scores, separate analyses of variance were performed on
the two sets of data; summaries of these are presented in Table II,
Considering first the analysis of threshold scores in blocks of three
for the words in the high frequency list (HF) and the mixed high fre-
quency list (MHF), it will be noted that only the effect of serial
pesition is significant, However, an mmination of the appropriate -
curves in Figure 2 shows that they start at essentially the same point,
and then ‘diverge. An analysis of variance performed on the last block
of words alone showed that the two groups were significantly different
at this point (F = 10,62 with 1 and 28 degrees of freedom, p<.0l).
The failure to demonstrate a significant overall effect of treatments
would appear to be due to the similarity in performance of the two
groups on the first block of words.

mi analysis of variance of the threshold scores in blocks of
three for the words in the low frequency list (LF) and the mixed low
frequency list (MLF) yielded a significant main effect of serial
position, and a significant treatments x serial position interaction.
An inspection of the appropriate curves in Figure 2 shows that they
are similar initially, but the one based on threshclds for words from
the homogenous low frequency list drops precipitously, while that



SUMMARY OF ANALYSES OF VARIANCE OF THRESHOLD DATA

TABLE II

HF « MHF GROUPS

Source ar ¥3 4 ¥
Treatments (T) 1 430,01 3.58 N3
Zrror (b) 28 11745
Serial Fosition (3P) 4 406 .65 31,33 <01
Tx 3 'S 25;52 1.97 NS
Lrror (w) 112 12,98

ILF « MLP GRCUPS

Source ar HS ¥ P
Treatments (T) 1 1278,96 3.30 N3
Error (b) 23 387.34
Serial Position (3P) I 853,88 19.80 <01
Tx 3P b 122,08 . 2,83 <405
Error (w) 112 43,12
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based on words from the mixed list decresses more gradually, thile the
overall treatment effect is not significant, an analysis of variance
on the last block of scores alone showed that the groups did differ
significantly at this point (F = 6,31, with 1 and 28 degrees of free-
dom, p< +025),

DISCU3SIOR

The results of this experiment appear quite clearecut in their
support of an interpretation of the practice effect in tachistoscopic
word recognition which inecludes the variable of response probability,
Apparently, when successive words from the same frequency class are
presented for recognition, the probsbility inereases that subjects
will respond with words from that frequency class at progressively
shorter exposure durations, thus increasing their chances of being
correct, These response probabilities w:&éqnm inorease graduslly
since the threshold decrement continues over the entire list of thimty
words,

It is not surprising that successive presentations of low fre-
quengy words has a greater effect on the threshold decrement than has
the successive presentation of high frequency words, since the response
probability of the latter is already high. Nevertheless, even with
high frequency words the threshold decrement is retarded when these
are presented intermixed with low frequency words, This is shown by
the significant differences in the average threshclds between the high
frequency and mixed high frequency lists on the last block of words,
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mu. it appears established that increases in response probab-
ility for word frequency is an important variable in accounting for the
threshold decrement in tachistoscopie recognition, it is clear that
other variables are also involved. For example, it will be recalled
from Figure 1 that a threshold decrement was obtained with the mixed
frequency list, which was more gradual than that shown by the homogen-
ous frequency lists, Howes and Solomon (1951) also reported a decrement
in threshelds over a mixed frequency list of sixtywords, In neither
of these cases would it be expected that response probabilities could
increase in a manner necessary to account for this deerement, The
following experiments were performed in an attempt to further clarify
the role of response probabilities in the practice effect inword recog-
nition, and to examine certain other variables that might account for
this effect,



CHAPTER FOUR
EXPERIMENT 2

The experiment just reported, while supporting the view that
inereases in the probability as responses of words in the frequency
class to be roeogniﬁod is an important variable in accounting for the
practice effect, leaves unanswered a number of questions. These con-
cern the way in which response probabilities enhance or retard the
threshold decrement, depending on whether they are appropriate or ine
appropriate to the stimuli to be recognized, and the duration of their
effect, Further, there is the question of the nature of other var-
iables that apparently contribute to the decrement, Possibilities
include geﬁiral adaptation to the tachistoscoplc situation, and the
development of some general skill in tachistoscopic recognition that
is independent of the stimulus material employed. The following exper-
iments attempted to answer some of these questions,

The present experiment was designed to investigate the effects
of recognizing high frequency words and numbers, as well as the effect
of general adaptation to the tachistoscopic situation, on the sube
sequent recognition of low frequency words, A fourth group, which
recognized low frequency words prior to the recognition of the test
list of low frequency words, provided the control dgainat which the
effects of the other types of pre-training could be assessed,

60



METHOD

Subjects
The subjects were 4O male and 4O female students enrolled in
the Introductory Psychology class., They ranged in age from 18 to 4O

years, with an average age of 24,6 years,

Stimulus Materials

Three different lists of stimulus material, all nine items in
length, were made up for the pre-training session., One list consisted
of seven-letter wordes with a frequency of occurrence of 50 or more times
per million; one of seven-letter words with a frequency of occurrence
of once per three million, and one of seven digit numbers chosen from
a table of random Mrs. The test list of words consisted of eight-
een seven-letter words having a frequency of occurrence of once per
three million, All stimulus items were typed in black, élite capital

letters on white cards,

Experimental Design

The subjects were randomly assigned to one of four experi-
mental groups 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, a t hird with numbers, and a fourth,
the adaptation group, was simply presented with 5, exposures of blank
white cards. Following the pre-training or adaptation procedure, and
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without any interruption, each of the subjeects 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 for
recognition in a Gerbrand's tachistoscope. The instructions to all |
subjects, including those in the adaptation group, were the same as
those used in Experiment 1. The order of presentation of the words
or numbers within each list was mixed by shuffling the cards for each
sub ject, |

Because of the varying difficulty of the stimulus material as
- far as tachistoscopic recognition is coneerned, 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 for low frequency words, and 100 milliseconds for numbers,
The duration of each exposure of the blank white card for the adapt-
ation group was 10 milliseconds. For the test series for all four
groups, the initial exposure of each word was 50 milliseconds,
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RESULTS

The threshold scores averaged over blocks of three stimulus
items are plotted for both the pre-~training and test series in Figure
3. The adaptation group is not represented in the pre-training part
of the figure since, of course, no threshold values could be obtained
for the presentation of blank sards, The pre-training and test data
were separately analysed, Further, since it might be expected that
the effect of pre-training would be greatest during the initial part
of the test series, threshold scores for the first block and for the

first word were also separately analyzed,
Pre-training series

A sumary of the analysis of variance of the data shown in the
three curves to the left in Figure 3 is presented in Table III, It
will be noted that the main effects of treatments (that is, type of
stimulus material), serial position and the treatments x serial pos-
ition interaction are all significant, These effects are apparent in
Figure 3, and little further desoription would seem to be required, It
might be noted, however, that the treatments x serial position intere
action seems due mainly to the sharp drop in thresholds on the second
block of words for the group reecognizing nusber stimuli,

Test series

Threshold data for the test series of words for the four groups
areshown to the right of Figure 3. Apart from the first block, on which



TABLE IIX

SUMMARY OF ANALYSIS OF VARIANCE
OF THRESHOLD DATA TRAINING SERIES

Source ar M3 F P
Treatments (T) 2 7827.38 52,29 < ,01
Error (b) 57 149.69
Serial Position (SP) 2 2265.91 75.08 <401
T x SP h 189,01 6426 <401
Error (w) 114 30,18
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threshold acores for the adaptation group are higher than for the other
three groups, the curves are strikingly similar, A sumary of an
analysis of variance of these data is presented in Table IV, The sig-
nificant main effect of serial position simply confirms again the well-
established practice effect, and is of little interest here, The sig-
nificant main effect of treatments (type of pre-training), and the sig-
nificant treatments x serial position intersction appear from Fignre 3
to be mainly attributable to the adaptation M-. This impression was
confirmed by application of Tukey's Multiple Comparison Test (Ryan,
1m)wanomnmmmwm. This test showed that
the mean for the Adaptation group differed from the means of the other
th(p<.M)&mm;muamcrmubmthrnm
differed from each other,

{ meﬁmﬁmhhmmctkit.bm&ofwordt
showed the effect of t reatments (that is, different types of pre-~traine
ing) to be significant (P = 7,06, with 3 and 76 degrees of reedom,

p <e01)s AMWWMMMMM&M data showed that, as
was the case for the over-all means, the adaptation group differed
from the other three groups (p <.,05) in all three cases, but that these
did not differ from each other,

Apparently, pre-training with different types of stimmulus mate-
erial had no detectable effect on either the overall or initial three
sholds of the test series. Recognition of high frequency words, low
myw,wnm, results in the same amount of positive
transfer to the recognition of low frequency words, On the other hand,



TABLE IV

SUMMARY OF ANALYSI3 OF VARIANCE
OF THRESHOLD DATA

66

Test Series
Source daf M3 F P
Treatments (T) 3 1057.04 4,18 <.,01
Error (b) 76 252,60
Serial Position (SP) 5 1259,56 63.81 <01
T x SP ‘ 15 82.14 4,16 <01

Error (w) 380 19.7%
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simple adaptation to the tachistoscopic situation appears in no way to
facilitate performance on the recognition of low frequency words, [Hx-
amination of Figure 3 shows that the first three points on the curve
for the adaptation group are practically ident.ieti with the three points
for the pre-training curve for the low frequency word mre-training
group,

It may be, nevertheless, that the different types of pre~traine
ing did have an effect on performances on the test list, but of such a
fragile md transitory nature that it is not detected by the threshold
measure, This is suggested by a more detailed examination of the thre-
shold scores for the first three test words, A Tukey's multiple come
parison test of the treatment ms of the first test word for the four
groups indicated that the means of the low froquenay:wd numbers ‘pre-
trained groups differed significantly from that of the adaptation group,
(p <.05) while the high frequency trained group did not., It would there-
fore appear that at this stage of training, the high frequency trained
group were responding in a manner similar to that of the group trained
in the absence of stimuli, rather than like the two other groups pre-
trained with stimuli, However, for the second word in the test list,
the threshold scores of the high-frequency trﬁined group dropped siightly
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 test session,

It will be recalled that Solomon and Postman (1952) suggested

as part of their interpretation of the word frequency-recognition
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threshold relationship that the tendency to respond with high frequency
words interfered with, and thus raised the thresholds, for low fre-
quency words., An analysis of the pre-~recognition responses of the
subjects in the four groups does, in faet, suggest such an effect for
the first test word,! What was done was to note the last word given
as a response by each subject in each group prior to the correct res-
ponse to the first stimulus word in the test series, The frequency of
oceurrence of these words was then ascertained from the Thorndike-
lorge (1944) word list., Vhen a nonsense word was given, it was assign-
ed a frequency of zero (0).2 The mean frequencies of cccurrence of
these responses for each group are given below with the number of re-
sponses on which the mean is based being shown in the brackets follow-
ing each mean. The means ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>