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INTRODUCTION

The cognitive processes involved in the act of reading have long
concerned the experimentai psychologist. One fact which has emerged from
the research in this area is that reading is best considered ‘as an intri-
cate combination of perceptual, linguistic, and memorial skills. The
present work is concerned with one set of these skills; namely, the per-
ceptual processes involved in the identification of words. It will be
assumed that perceptual processes involve both the extraction of informa-
tion from sensorily-present letter strings as well as the interpretation
of this information so that a letter string may be umambiguously identi-
fied as representing some semantic category. This assumption is based
on the observation that nearly all models of letter and word identifica-
tion view the perceptual process as including an extraction stage in
which visual features (i.e., lines, curves etc.) are detected by the
visual system and an interpretation stage in which the extracted infor-
mation is assigned to some category stored in memory (cf. Smith & Spoehr,
1974).

Initially, a review of experimental findings dealing with the visual
processing of printed English will be undertaken. Of particular interest
will be the debate surrounding the nature of the basic perceptual unit
involved in word identification. While some researchers have maintained
that the letter is the basic perceptual unit (e.g., Massaro, 1973),
others have suggested that higher-order perceptual units such as syllables

may play an important role in the visual identification of words.
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Followling the literature review, two general models of word iden=
tification processes will be described. Both of these models suggest
the existence of higher-order perceptual units but, nonetheless, repre=
sent rathey divergent points«of-view regarding the manner in which words
are identifiled,

The present experimental work attempts to assess which of the two
positions is the more likely explanation of the perceptuai aspects of
the reading process. In so doing, a double-edged approach is taken
towards an understanding of word identification processes. On the one
hand, the perception of words is studied under conditions where the
temporal parameters of presentations are varied, the frequency or famil=-
iarity of the stimulus items 1s varied, and finally, the orthographic
structure of the stimulus words is varied according to the number of
syllabic units, .These latter two manipulations, in particular, delve
critically into the role of higher-order perceptual units in word iden~
tification, In addition, the perceptual analysis of words is invest=
igated in situations where the subjects' own experience with the reading
process is taken into account. This last strategy will entail the use
of varied populations of readers, To serve this purpose, grade school
as well as college students have been enlisted as experimental par-
ticipants., It is hoped that the present research will clarify po-
tential intefactions between subject and stimulus characteristics which

are important for a true understanding of word identification processes,

Word Identification Processes

As long ago as 1885, Cattell suggested that fluent reading does

not involve a letter-by-letter analysis of words, His assertion was



based on a number of interesting phenomena indicating that words were
more perceptible than random arrangements of letters or even single let-
ters presented in isolation, One finding, for example, indicated that
more letters could be reported following a brief wisual display if they
made up a word than if they simply constituted an'unrelated string,

Other findings indicated that a word could be identified in its entirety
faster than one could verify that a particular letter was contained in
the word and also, that words could be identified at lower visual thresh=
olds than single letters. At the time of Cattell's investigations, how=-
ever, such findings could only be explained by statements such as "the
meaning literally seems to leap out of the word and individual letters
never reach consciousness" (Huey, 1908, p., 113), One fact which did
seem to emerge from Cattell's early work was that familiarity or past
experience with the visual configurations constituting words was an
important determinant of their perceptibility or, at least, a determinant
of thelr reportability., Hence, the basic question was raised as to how
familiarity affects word identificatiom.

Later research, focusing on the role of familiarity in the visual
processing of written material, indicated that sequential redundancy
found in English orthography could facilitate verbal inferences drawn
from visual information, Miller, Bruner, and Postman (1954), for example,
maintained that given only partial identification of a word, the re-
mainder could be predicted on the basis of regularities in English spell~
ing patterns., In this sense, familiarity with orthographic structure
simply promotes efficient guessing; it does not actually affect the per-

ceptual processes of word identification. This position was subsequently
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formulated into the "Fragment Theory" of word identification (Newbigging,
1961) and was suggested as an explanation for many of Cattell's early
discoveries as well ‘as the observation that common words have a lower
visual threshold than rare words.

A recent wave of experimentation in visual information processing,
however, has mounted evidence suggesting that familiarity can also influ-
ence the actual perception of a word. Reicher (1969), for example, tach-
istoscopically presented subjects with either a word, an unrelated string
of letters, or a single letter, followed immediately by a visual mask
intended to degrade the image of the stimulus (cf. Kahneman, 1968). During
the test trial a probe-recognition technique was employed in which two
alternative letters were presented adjacent to one of the letter positions
while the other positions were identical to tﬁe original stimulus. There-
fore, if the stimulus word was CAP, the letters P and T would be present-
ed above and below the empty third position during the test trial. 1In the
case of a single letter stimulus, there would only be one test position
available. The subject's task in these probe-recognition experiments
was to decide which of the two alternative letters had been in the actual
stimulus display.

Both Reicher (1969) and Wheeler (1970) discovered that the accur-
acy of letter identification was superior when the tested letters were
presented within a word. Because both alternatives in the recognition
task formed a word, the possibility of verbal inferences was assumed to
have been eliminated in the case of word stimuli. This phenomenon has
been called the "Word Superiority Effect". Wheeler (1970) interpreted

this finding, that the identification of a letter presented in a word



5
is actually better than the identification of a letter presented alone,
as implying that the analysis of a letter in a word is not independent
at a perceptual level from the other letters making up the word,
Therefore, word identification does not seem to involve an independent
analysis of letters but rather some larger perceptual unit, -

A number of subsequent studies have replicated the '"Word Super-

- 1tority Effect" (Johnston & McCelland, 1973; Smith & Haviland, 1972)
while others have elaborated on other facets of the Reicher (1969) study
(Aderman & Smith, 1971; Manelis, 1974; Spoehr & Smith, 1975), For
example, Reicher (1969) had also discovered that the presentation of
pronounceable pseudowords (e.g., MIRP) resulted in superior letter re-
cognition as compared to the presentation of individual letters but
somewhat poorer performance as compared to words. Aderman and Smith
(1971) as well as Spoehr and Smith (1975) extended this finding by
demonstrating that pronounce;ble pseudowords were also superior to
unpronounceable letter strings (e.g., PMRI) in the probe-recognition
task. Manelis (1974) confirmed this difference in performance between
pronounceable and unpronounceable nonwords and demonstrated that single
leﬁters and unpronounceable letter strings result in similar levels of
performance.,

Because pronounceable pseudowords, in a number of cases, produce
advantages similar to those observed for actual words, the more general
term "Familiarity Effects" as opposed to the term "Word Superiority
Effect" will be used in discussing the findings of the probe=recognition
experiments. This term is taken from Kreuger (1975) who has recently

reviewed many of the studies presently under discussion., '"Familiaritym




is intended to refer to experience with the regularities in English
spelling patterns within a word which makes them pronounceable.
Despite the striking findings in the probe~recognition exper-
ments, the specific locus of the "Familiarity Effects" in word identi-
fication hés remained rather ambiguous. The many attempts tp resolve
the role of familiarity in visual information processing quickly cen-
tered around two theoretical issues. The first is concerned with the
dichotomy drawn between parallel versus serial modes of perceptually
processing the letters making up a word. The parallel position suggests
that words are analyzed and interpreted as whole units with no inter-
mediate identification of letters. That is, visual features are ex-
tracted from all letters simultaneously and the extracted information
is matched with categories representing entire words which are stored
in memory. Alternatively, the serial position maintains that feature
information is sequentially extracted from individual characters and
matched with letter categories in memory in, presumably, a left to
right order. The second and very closely related theoretical issue
deals with the role of acoustic recoding in word identification pro-
cesses. A parallel processing position usually implies that acoustic
recoding is unnecessary and that words are identified (i.e., meaning
is assigned) solely on the basis of visual information. The serial
position, however, necessitates that identified letters be translated
into some sound representation so that meaning may be assigned through
a unitary acoustic coding of the word. The "Familiarity Effects" dis-
covered in the probe-recognition experiments will now be discussed in

more depth keeping in mind these two theoretical controversies.



On the one hand, the strong superiority of words over isolated
letters and unrelated strings, and the modérate superiority of words
over pronounceable pseudowords (Reicher, 1969; Smith & Haviland, 1971;
Wheeler, 1970) seems to suggest that there is something peculiar to a
string of letters making up a word which enhances its perceptibility.
Smith and Haviland have hypothesized that the letters in a word are
"unitized" during perceptual processing into an impregnable visual
configuration which elucidates perception of the stimulus as a whole.

As a result, iﬁdividual letters can be more easily reported in the probe-
recognition task.

Recent studies by Travers (1973, 1975) have provided some evidence
for the parallel processing of a word in a paradigm other than probe-
recognition. In these experiments, strings of letters were sequentially
presented in either a single spatial position (i.e., on top of one
another) or is a spatial arr;y as letters would normally be positioned
in a word. The letter strings constituted either words or random letter
arrangements. The subjects' task was to report as many letters as
possible in the stimulus displays. The results of both studies indicated
that stimulus words suffered more than random letter strings from forced
serial processing. Travers' studies also indicated that forward and
backward masking conditions (cf. Kahneman, 1968) more seriously im—
paired the subjects' reports for words than random letters when the
strings were spatially arrayed. Apparently, it is important that an
opportunity to process the word as a whole is made available.

In yet another paradigm, Johnson (1975) has supported a parallel

position of word identification. In this reaction time study, the sub-



jects were tachistoscopically shown a series of stimulus words. The
task in one condition, was to indicate whether the display item was a
specific target word, while in a second condition, the task was to in-
dicate whether the stimulus display contained an instance of a specific
target letter. Results indicated that a word could be identjified as a
word faster than-a letter could be detected in a stimulus displaj.
Johnson (1975) argued that if letters are first individually identified
before being integrated into a word "unit", the results should have been
exactly the opposite of those discovered.

Other findings, however,‘in the probe-recognition experiments
are at odds with the "whole-word" position discussed above. For example,
the superiority of pronounceable pseudowords over unrelated strings of
letters indicates that the perceptual enhancement is not solely due to
the "wordness" of letter strings but also involves a more general com-
ponent, the pronounceability of the stimulus items. It may also be
noted that some investigators have failed to obtain the word-pseudoword
difference found in the Reicher (1969) and Wheeler (1970) experiments
(Baron & Thurstone, 1973; Manelis, 1974).

The potential role of a general property such as pronounceability
in the production of "Familiarity Effects" raises another possible
explanation -for the processes of word identification. The different
levels of leﬁter identification for pronounceable and unpronounceable
items in probe-recognition may not be due to the extraction or inter-
pretation of featural information derived from letter strings but rather
to an additional stagé of processing which is involved in the identifi-

cation of words. This stage would be the situation described above



where individual letters are identified and then translated into an
acoustic representation. In the probe-recognition experiments, this
stage would result in a single representation of a pronounceable letter
string which is easily maintained in memory during the interval between
stimulus presentation and the onset of the response alternatives.
Unrelated letter strings could not be unitarily represented in an
acoustic fashion during the interval and, therefore, memory limitations
not enhanced perceptibility could account for the differences observed
between pronounceable and unpronounceable letter strings with the probe-
recognition technique. At least one study (Mezerich, 1973) strongly
suggests this possibility. This interpretation of "Familiarity Effects"
does not, therefore, rule out a letter-by-letter analysis of words.

In fact, the basic train of events; serial identification of letters,
acoustic recoding, and assignment of meaning, is postulated by two gen-
eral theories of word identification during reading (Gough, 1972;
Rubenstein, Garfield, & Millikan, 1972).

A number of observations, however, argue against this interpre-
tation as a general explanation of word identification processes. First,
it is not clear why a difference between pronounceable pseudowords and
single letters should be found in the probe-recognition studies
(Reicher, 1969; Wheeler, 1970) if pronounceability produces the situation
just describé&. Certainly, a single letter can be represented in an
auditory fashion just as easily as a pseudoword. Baron and Thurstone
(1973) also demonstrated superior letter recognition with the probe-
recognition technique for pronounceable versus unpronounceable bigrams

(e.g. AD or XD). Again, it appears unlikely that two letters would
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exceed the subjects' short-term memory limitations.

Second, the subjective notion of pronounceability is confounded
with the orthographic structure of a letter string. In order for a
string of letters to be pronounceable, it must necessarily be consistent
with the orthographic or spelling rules of the English language.

These rules specify which possible combinations of letters may occur

in English words. They are vastly complex, taking into account positional
and sequential (i.e., what letters have gone before) information and
probably can not be verbalized by even the most skilled reader.

Nonetheless, mény letter combinations are quite common in cer-
tain positions of a word (i.e., ch, th, ck, ing, etc.) and the skilled
reader may come to treat these combinations as single perceptual units
during the reading process. Wheeler (1970), for example, proposed that
words are broken down into chunks of "n" letters which make up common
spelling patterns (SPs). The letters composing a unit are processed
in a parallel fashion but the units themselves are processed in a serial
order. Wheeler's proposal, however, does not deal directly with the
role of acoustic recoding in word identification but rather focuses on
the idea that knowledge of orthographic structure might be actively
involved in the perception of written material.

Aderman and Smith (1971) have demonstrated a situation which
illustrates Wheeler's position. In their experiment, subjects were
tachistoscopically presented with either letter strings consistent with
English spelling patterns (SP items) or strings which consisted of ran-
dom arrangements of uﬁrelated letters (UL items). One group of subjects

was given a set for SP items while a second group was led to expect the
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UL items. On subsequent critical trials, where either expected or un-
expected items were presented, an advantage in probe-recognition was
found for SP items only when they were expected. Apparently, the use of
orthographic information regarding SPs was used only under conditions
where it would be expected to prove beneficial. Therefore, the role of
orthographic structure in the enhancement of tachistoscopic reports
appears to involve an active perceptual strategy which may be employed by
the knowledgeable reader; it does not seem to be a means for simply facil-
itating an inevitable auditory recoding of visual information.

The notion of higher-order perceptual units, however, is not new
to the probe-recognition experiments. Gibson, Pick, Osser, and Hammond
(1962), concerned with the development of reading ability, suggested
that clusters of letters or SPs which have an invariant mapping to sound
form perceptual units in reading. By detecting the correspondences
between graphic clusters and phonemic representations, Gibson et al.
(1962) demonstrated that pronounceable pseudéwords which followed the
rules of English orthography (i.e., contained SPs) could be more easily
reported than unproﬁounceable strings by adults. This same basic finding
was extended by Gibson, Osser, and Pick (1963) to the tachistoscopic
identification of words, nonwords, and random letter strings by lrst
and 3rd grade children. It should be noted that the distinction be-
tween the two types of items was not as pronbunced for these young sub-
jects and to a certain extent was limited to performance with very short
letter strings.

Gibson's position depends upon the relationship between graphemic

representations of SPs and their phonemic or sound correspondences.
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It is extremely useful in that developmental considerations are given
as to how the skilled reader comes to treat SPs as single perceptual
units; this is a consideration which has not been discussed in recent
investigations using the probe-recognition technique. Gibson, however,
remains unclear as to the specific role of SPs in the identification of
words by skilled readers. In a fairly recent summary of her research,
it is not specifically stated whether SPs influence the actual per-
ceptual analysis of graphemes or the ability to recode identified
letters more efficiently into auditory representations (Gibson, 1970).

Howevér, the findings of Gibson, Shurcliff, and Yonas (1970)
that congenitally deaf individuals also perform better with pronounceable
pseudowords seem to indicate that Gibson intends the SP to function as
a visual unit rather than as a unit of acoustic recoding in that the
deaf possess no phonemic representation of language although the exist-
ence of a motor speech code is still a possibility. The assumption
might then follow that knowledge of orthographic structure can be stored
in: purely visual-spatial terms, at least, for the deaf.

Other evidence that purely visual-spatial information of this
sort can be employed during the process of reading by individuals other
than the congenitally deaf may be taken from the experiments conducted
with clinical patients who héve surgically had the commissural path-
ways between tﬁe hemispheres of their brains severed. Sperry (1970).
for example, presented these split-brain individuals with printed words
in such a way that the stimulation reached only the right or left hemi-
sphere. When words reached only the right hemisphere (speech functions

are usually located in the left hemisphere), the individuals were able



13
to haptically retrieve the object named by the word from a group of
objects but fhey were unable to verbally produce the object nor were
they able to recognize the name of the object when spoken. This
finding suggests that the semantic content of the word was identified
using visual information with little evidence of acoustic recoding.

The Baron and Thurstone (1973) study, employing a normal reading
population, has further illustrated a distinction between pronouncéabil-
ity per se and orthography or the conformity of words to regularities of
English spelling. Experiment IV of their investigation was intended to
discover whether the sound of a word once coded could aid a subject in
a tachistoscopic recognition task., For this purpose, three groups of
stimuli were constructed. The first consisted of pairs of homophonic
words, pronounced alike but spelled differently (e.g. FORE and FOUR).
After each tachistoscopic presentation, the subject was asked to in-
dicate which member of the péir had occurred. These homophonic pairs
were compared to a control set of pairs where the two words were pro-
nounced differently but differed in exactly the same letters as the
homophones (e.g. SORE and SOUR) and to a control set of pairs which
were unpronounceable but again differed in the same letters as the homo-
phones (e.g. FCRE and fCUR).

If the sound of a string in some way aids discrimination, it
would be predicted that the homophones would be poorer in performance
than the non-homophonic word pairs and the same as the unprounceable
items. Baron and Thurstone's results, however, indicated no significant
difference between thé homophonic and non-homophonic pairs while both

of these types were clearly superior to the unpronounceable pairs of
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of letter stxings. As Baron and Thurstone poilnt out, these findings .
rule out the sound of the word as an aid to discriminating response
alternatives but do not preclude the possibility that the simple act
of forming an acoustic code from a visual one helps to extract infor-
mation from the visual presentation.
- At this point, it will be wise to discuss a number of studies
(e.g. Bjork & Estes, 1973; Massaro, 1973; thomson & Massaro, 1973)
which have questioned the validity of the "Familiarity Effects" found
in probe~recognition experiments. The basic argument of these inves-—
tigators is that redundancy was not adequately controlled in the pre~
vious studies and therefore, the typical word advantage is due to in-
ferential rather than perceptual processes. All of these investigators
present data from experiments in which they believe redundancy has been
properly controlled and show that the more accurate recognition of
letters presented within words as compared to single letters and un-
related strings is eliminated. Massaro (1973) has, therefore, argued
that the‘letter is the basic unit of perception and that there is no
evidence for higher order perceptual umits.
In the Reicher (1969) study, for example, the inferential role
of redundancy as a variable affecting response probabilities for word
stimuli was supposedly controlled by presenting letters as response
alternatives which in both cases would form a word. Thomson and Massaro
(1973), however, argue that this control can only be considered adequate
if it is assumed that the subject maintains extracted visual information
in memory until the response alternatives are presented and then selects

a response on the basis of the best match between extracted information




15

and the alternative letters. In some cases, it 1s pointed out that the
exfracted information may not allow an unambiguous identification of a
given letter. Therefore, the argument is made that the similarity of the
alternative letters should influence the level of response accuracy. For
example, letters like D an O which share a curved feature should result
in poorer performance than disimilar alternatives like D and K. Thomson
and Massaro, however, found no effect for the similarity of alternatives
on the accuracy of probe-recognition for word or single-letter stimuli.
It has instead been suggested that the subjects must, during or
immediately following a stimulus display, "synthesize" a response based
on the extracted visual information even if it is only partial in nature.
When the alternatives are presented, the subject simply checks to see
if the choices include the letter "synthesized" for that position. If
the alternatives do not include the letter synthesized for that position,
Thomson and Massaro (1973) sﬁggest that the subject guesses at random
thus explaining the failure to find an effect for similarity.
Given that the above situation is an accurate description of
what the subject is actually doing, Thomson and Massaro (1973) then
argue that redundancy is still operative in the case of word stimuli.
During word presentations, redundancy will serve to reduce the number
of possible interpretations of partially identified letters because
in combination with other identified letters, the stimulus as a whole
must be a word. In the case of single letter stimuli and unrelated
strings where redundancy information is not available, the subject can
not as conveniently réstrict the number of potential letters in syn-

thesizing a response because any letter which contains the features
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which have been extracted must be considered a viable alternative. In
sum, with word stimuli, the subject has a higher probability of syn-
thesizing a correct response from partial information.

Thomson and Massaro (1973) as well as Bjork and Estes (1973) and
Massaro (1973) have attempted to better control redundancy by informing
the subject at the ouﬁset of their experiments what the response alter-
natives would be and testing only those alternative letters throughout
the experiment by presenting them alone, in words, or in random letter
strings. For example, a subject would be told that L and R are the
possible responses and on every trial, one of the two must be selected.
Only the type of display in which those alternatives appeared was varied.
As already mentioned, the typical advantage for letters presented within
words was eliminated under this experimental procedure. B

While the findings of<the investigations discussed above undoubt~
edly must be given serious consideration, the interpretations of this
data are certainly not without question. This is particularly true of
the assertion made by Massaro (1973) that the individual letter is al-
ways the basic perceptual unit in the processing of printed English.

To begin with, neither Thomson and Massaro (1973) or Massaro
(1973) addresses the fact that pronounceable pseudowords also result in
superior letter recognition as compared to single letters and unrelated
strings. It is assumed that the same arguments concerning uncontrolled
sources of redundancy would be made. However, it does not seem likely
that a subject would be able to restrict alternatives for partially
identified letters in pseudowords to the extent that Thomson and Massaro

(1973) have suggested is the case with actual words. The rationale
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behind this statement is that in the "synthesis" process postulated by -
Thomson and Massaro, the subject can not limit potential choilces to
letters which would complete a word but rather must consider any letter
which would make a string pronounceable, It would seem that these
requirements would entail many more possibilities, e

The observation may also be made that in most -probe~recognition
experiments (e.g. Reicher, 1969), the subject does not know on any one
trial whether the upcoming item will be pronounceable or unpronounceable.
Therefore, the subject would not necessarily have any basis for syn-
thesizing a response as a word or a pronounceablé item when partial iden~
tification of a letter occurs.

Perhaps, the most important criticism which can be addressed to
the Thomson and Massaro (1973), Massaro (1973), and Bjork and Estes-
(1973) studies deals with the nature of the experimental task. Remem-
ber that the subjects knew that a limited set of alternative letters
would be tested on each trial. ‘It seems highly probable that the sub-
jects in these experiments might develop a set or strategy in which they
are simply trying to detect features which would discriminate the
specific alternatives and not process the stimulus as a whole. If
such were the case, the generalizability of these studies to the process
of identifying words during actual reading would be seriously quést-
lonable. While the ability to generalize any of the probe-recognition
studies to actual reading may be questioned, at least, the Reicher type
experiments give the gubject a set to process the entire stimulus.

This notion of set is particularly important when one considers the

results of Aderman and Smith (1971) which seem to indicate that the
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production of "Familiarity Effects" seems to depend upon an active
perceptual strategy on the part of the subject,

This last point is also related to the definition of perception
which Thomson and Massaro (1973) as well as Massaro (1973) seem to have
adopted. In their discussion, they appear to view actual perception
only in terms of the extraction of visual features whereas most workers
in this area, as indicated in the introduction to the present paper,
include an interpretation stage as part of perceptual processing in
which the features are interpreted or identified. While it may be
granted that linguistic properties of letter strings do not affect
extraction, the notion of set does appear to suggest that such prop-
erties can influence the way in which extracted features are identified
or interpreted. =

As a final point, it should be noted that both the Thomson and
Massaro (1973) and Massaro (i973) article actually focus attention on
letter identification rather than word identification. Although
Massaro has asserted that individual letter identification is a pre-
requisite to word identification, he has not discussed the nature of
the combinational process which must then occur in order to integrate
the individual letters into a unitary code so that semantic properties
may be assigned to a letter string during actual reading.

Three potential interpretations of the role of familiarity in
the identification of words may now be summarized. First, it may be
suggested that words come to be treated as unique visual configurations.
According to this interpretation, the identification of individual

letters is somewhat irrelevant for the reader responds to the word as a
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whole and is primarily trying to discriminate the word at hand from other
possible words. Smith (1971) maintains that the visual information used
to carry out this task is extracted from component letters but taken to~-
gether this information representing the word, does not necessarily in-
clude all of the information that would be required to unambjiguously iden-
tify a single letter. Smith's ideas will be more fully developed in a
later section of this paper.

The evidence surrounding the "whole-word" position is both exper-
imentally and conceptually incomplete in explaining the entire scope of
"Familiarity Effects". On the positive side, the superiority of words
over single letters in the Reicher (1969) and Wheeler (1970) studies
seems to be taken into account. Also, the early findings of Cattell
(1885) can be given a reasonable interpretation as well as the more.re-
cent work of Travers (1973, 1975) and Johnson (1975).

On the negative side, the fact that pronounceable pseudowords often
result in superior performance when compared to unpronounceable items in
probe-recognition experiments means that a property of a word other than
the fact that it has meaning is involved in‘the production of "Familiarity
Effect'". This property can be embodied in pronounceable strings of letters
having no particular meaning. This observation leads to a conceptual
problem with the "whole-word" position. Little consideration is given
to the means‘fhrough which readers acquire the ability to treat words as
whole visual configurations. It certainly seems to be acquired through
experience because young readers very definitely use acoustic repre-
sentations of words té mediate visual identification (cf. Chall, 1967).

Additionally, the research of Massaro (1973) and that of Thomson and
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Massaro (1973) provides a challenge to the "wholewword" position and
must be given serious consideration,

The heavy emphasils on phoneme-grapheme correspondences in early
reading instruction has inspired a second position regarding the role
of familiarity in word identification, The primary assertions of this
position are that the identification of wvisually presented words nec~
essarily dnvolves a preliminary identification of letters and that a
translation or recoding process is necessary in order to convert the
identified letters into an aural code so that meaning may be assigned,
Perceptual analysis of words, according to Gough (1972), involves serial
identification of letters with subsequent recoding to sound, It should
be noted, however, that while Massaro (1973) also advocates the pre-
liminary identification of letters in word processing, he does not -
specify that the process is necessarily a sexial one, In either case,
an interpretation of word idéntification which includes preliminary
letter identification maintains that "Familiarity Effects™ are not
produced by actual perceptual processes but rather by memory limitations
which operate when strings can not be translated into a single acoustic
representation (Bjork & Estes, 1973) or by uncontrolled sources of
redundancy in pronounceable items which allow for inference on the part
of the subject.

While evidence is available indicating that some type of acoustic
recoding does occur in some experimental situations (Rubenstein, Garfield,
& Millikan, 1971), it is not conclusive in demonstrating the necessity
of recoding during actual reading (cf, Brewer, 1972)., The most serious

problem facing theorists advocating a translation stage is the specifi-
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cation of the exact nature of the acoustic code. Conrad (1972), for
example, has pointed out that the formation of an actual phonetic code
(i.e., covert speech) would make it physically impossible to attain
fluent reading speeds of 500 words per minute.

A final position which may be taken in regards to Familiarity
Effects may be viewed as a compromise of the two more extreme positions
just described. Essentially, it is assumed that higher-order perceptual
units are employed in analyzing words but that these higher-order umits
are not the entire word but rather a spelling pattern. The Gibson,
Shurcliff, and Yonas (1970)vstudy and the Baron and Thurstone (1973)
study seem to indicate that experience with orthographic structure can
enhance the perceptibility of letter strings which follow the regularities
of English spelling apart from the influence of pronounceability. The
position is consistent with most general findings that orthographically
sound strings are more readiiy perceived than unpronounceable strings
although the findings of Massaro (1973) and Thomson and Massaro (1973)
are also at odds with the notion of higher-order perceptual units. Also,
Gibson's developmental research (cf. Gibson, 1970) provides an explana-
tion as to how higher-order perceptual units are formed.

Although this position involving higher-order units seems general
enough to encompass most experimental results, it too is plagued by a
number of difficulties. One problem is that various theorists stress-
ing the importance of higher-order perceptual units differ to some
extent regarding the specific mechanics of word identification and
the exact locus of higher-order units in the overall process (cf. Smith

& Spoehr, 1974). Most, however, see the role of these higher-order
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perceptual units in an interpretation stage of perceptual processing
in which extracted visual features are matched with stored categories
of visual information, The differences alluded to above will be more
fully discussed in a later section of this paper when two general models
of word identification are described, ’

Perhaps, the foremost problem, however, arises in attempting to
define the exact nature of a spelling pattern, Gibson, Pick, Osser,
and Hammond (1962) primarily refer to SPs as common clusters which
occur in set positions within a letter string, For example, the pseudo«
word GLURK i1s an orthographically regular one; the consonant clusters
GL and CK being acceptable in the initial and final positions of a wordt
However, the string CKURGL is not permissable because the consonant
clusters CK and GL are not placed in thé appropriate positions, Thus,
orthographic regularity for Gibson et al, (1962) seems to be determined
by both the commonality of letter clusters and the position in a word
where these combinations usually occur,

Gibson, Shurcliff, and Yonas (1970), however, were not entirely
sucessful in demonstrating that these properties of letters strings are
accurate predictors of the perceptibility of the letter strings pre«
sented to the deaf and hearing subjects. When summed bigram and tri-
gram frequency counts based on the Underwood and Schulz (1960) norms
were correlated with report accuracy for individual stimulus items,
there appeared to be little in the way of a predictive relationship.
Bigram counts, taking.into account positional information (Mayzner &
Tresselt, 1965), were more accurate in predicting the items' per-

ceptibility but substantial wvariance remained unaccountable, Positional
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trigram counts (Mayzner, Tresselt, & Woiin, 1965) added nothing more
in the way of predictive power and a simple rating of an item's pro-
nounceabllity was far and away the most accurate predictor.

The developmental research of Gibson, Osser, and Pick (1963) is
also somewhat puzzling in regards to the role of SPs in the identifica-
tion of words. The Gibson et al. findings indicated that by the third
grade children wére already making efficient use of the structure
found in pronounceable pseudowords during a tachistoscopic identifica-
tion task. Using a less demanding visual comparison task, Rosinski
and Wheeler -(1972) found that even first grade children were aided by
the presence of high frequency SPs in short letter strings and that by
the third grade, children utilized SPs in longer strings as efficiently
as adults. Both studies suggest that knowledge of or facility with
SPs is not a sensitive measure for assessing the effects of familiarity
on the visual processing of words for it does not vary considerably
"~ across different levels of reading ability. Yet, it seems apparent
that children continue to develop their word identification skills be-
yond the third grade.

All of these observations clearly point out that the structure
of words is more subtle than - that described by any statistical norms
of redundancy (i.e., bigram and trigram counts) and that all of the

relevant dimensions along which orthographic information is structured

are yet to be discovered.

The Syllable Effect

A recent experiment by Spoehr and Smith (1973) reports differences

in the tachistoscopic report of one and two syllable words in both full
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report and probe-recognition tasks. The phenomenon may be called the
ngyllable effect”. This finding suggests that perceptual units of a
more subtle nature than SPs are indeed formed and additionally point
out a possible dimension along which familiarity with orthographic
structure may be more profitably studied. .

Basically, Spoehr and Smith (1973) have suggested that a syllable
may serve as a unit of perceptual processing for visual information as
appears to be the case for auditory information. In their experiments,
subjects were tachistoscopically presented one and two syllable words
matched in length, initial letter, and Thorndike-Lorge frequency count.
For both full report and probe recognition tasks, subjects performed .
better with one syllable words. It was reasoned that one syllable words
require the processing of one unit while two syllable words require the
processing of two higher-order units.

Spoehr and Smith's (1973) rationale for these assumptions centers
around the work of Hanson and Rodgers (1965) on the perceptual dividing
or "parsing" of words into what they have called vocalic center groups
(VCG's). Hanson and Rodgers maintained that English words possess
considerable commonality regarding the location of vowels in a letter
string. The formation of VCG's (i.e., the perceptual parsing process)
follows a set of rules which are implicitly known by the skilled reader.
These implicit rules may be likened to the implicit grammatical know-
ledge which a native speaker possesses concerning the formation of
sentences in his language.

The first step of the parsing process is the marking of vocalic

elements which are not immediately followed by another vocalic element.
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The consonants are then grouped with the vocalic elements; again
following a set of implicit rules, Consider the word PAPER as an
example, The vowels would first be marked, The initial consonant
would then be grouped with the initial vowel and the final consonant
with the final wvowel, Most English words then follow a pattern in which
the middle consonant is grouped with the second VCG. Hanson and Rodgers
(1965) point out that for any pattern of vowels and consonants, there
is a dominant rule for the parsing of letters into VCG's, Exceptions,
of course, exist but they can be handled by secondary rules, It should
be noted that the perceptual parsing rules proposed by Hanson and Rodgers
follow the articulation patterns of words rather than their syllabication
per se, In this sense, Spoehr and Smith (1973) have pointed out that
the syllable effect is somewhat of a misnomer,

As should be obvious from the previous discussion, the parsing
process is viewed as a theoretical operation occurring during the per-
ceptual analysis of words, In fact, it is only one of a series of events
that Spoehr and Smith (1973, 1975) have speculated upon in two sets of
investigations., In a later section of the present paper, the function
of syllabic structure and the parsing process will be brought into
clearer focus as a general model of word identification based on Spoehr
and Smith's research is described, For present purposes, suffice it to
say that syllables or VCG's are viewed as preliminary wisual units
established for the eventual recoding of wisual information into acoustic
form, It is now important to consider some recent experiments which
again stress the importance of acoustic recoding in the perception of

letter strings.
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A Phonemic Recoding Scheme

Spoehr and Smith (1975) begin by considering two specific
proposals concerned with the nature of highercorder perceptual units,
Both have already been treated in the present paper}j the spelling
pattern (SP) discussed by Gibson, Shurcliff, and Yonas (197Q) and the
vocalic center group (VCG) discussed in Spoehr and Smith's (1973) own
previous research, The purpose of the first experiment in the 1975
paper was to determine which of these two perceptual units provided the
superior explanation for the many effects of familiarity on the percep~
tion of letter strings, |

During this experiment, the subjects were tachistoscopically prec
sented with letter strings which were immediately followed by a wisual
mask, Testing was conducted wvia the probe-recognition technique used
in the Reicher (1969) and Wheeler (1970) studies, Four types of letter
strings were displayed; actual words such as BLAST, pronounceable pseudo-
words formed by changing the vowel in an actual word (BLOST), spelling
pattern items constructed by dropping the wvowel from a word (BLST), and
finally, items were anagrams of the spelling pattern items (LSTB),

According to predictions generated from their earlier research,
Spoehr and Smith (1975) predicted that the words and pronounceable items
would result 1n superior perceptual performance as compared to the two
other types because the parsing process could form an appropriate VCG
~ which could then be efficiently translated into an acoustic representa-
tion, It was decided in the earlier paper that VCG's were important
because syllabic constraints were crucial in directing the translation

process. Spoehr and Smith (1975) further predicted that the spelling
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pattern and unrelated items should produce similar performance levels
because neilther would allow the formation of a WCG which was assumed
to be the important unit,

The results of this study indicated that the first prediction
was borne out, The words and pronounceable items were superior to the
two remaining item types, However, the second prediction was not conn
firmed, It was discovered that spelling pattern items enhanced the
perceptibility of letters in the probe-recognition task when compared
to the unrelated strings, Therefore, SPs per se do appear to play
some role in the perception of letter strings,

In order to encompass these findings in their VCG model of word
identification, Spoehr and Smith (1975) proposed that spelling patterns
play a role in the translation stage, Spelling patterns are assumed
to operate via what these researchers have called a phonemic recoding
scheme. The mechanics are b;sically as follows, The parsing process
prepares the visual information for translation by forming VCG's,

The recoding scheme then takes over, Knowledge of SP patterns in the
sense of phoneme-grapheme correspondences discussed by Gibson (1970)

is important because they will specify the number of articulated sounds
necessary to form an auditory representation,

Spoehr and Smith (1975) have illustrated the amount of phonemic
recoding necessary for a particular letter string by way of tree diagrams,
Consider one of the pronounceable items presented in the experiment
under discussion, FRASH. The parsing process would establish a single
VC&. The recoding process then breaks the syllabic unit down into one

to two letter units which can then be assigned an acoustic representation;
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FRASH would be recoded in the manner shown in Figure 1,

It is assumed that at each node generated by the recoding prox
cess, the subject checks to see 1f the unit generated there can be
represented by a single phoneme through the application of phoneme=
grapheme correspondences, If not, the wnit is broken down still further
until a one~to-one correspondence does exist hetween graphemes and
phonemes, In the diagram shown in Figure 1, for example, FR could be
broken down further while the spelling pattern SH could be represented
by a single phonemic unit,

For the spelling pattern and the unrelated items, an additional
problem is posed for the phonemic recoding scheme, In order to decoms
pose a letter string of these types into smaller units of letters, a
vowel must be present to signal the location of the first division,

For these two types, however, none is present, Therefore, Spoehr and
Smith (1975) assumed that sugjects would insert a '‘pseudo" vocalic
element In between those letter positions where an orthographically
impossible combination of letters occurs, Consider the spelling pattern
item FRSH. FR i; an appropriate combination of letters but FRS is not
and thus, the '"pseudo' vowel is inserted between the R and S of this
letter string, Figure 1 also provides examples of the amount of re-
coding necessary for the spelling pattern and unrelated items, |

Spoehr\and Smith (1975) maintained that these differences in the
amount of recoding accounted for the wvarious levels of performance
observed for the four item types in the probe-recognition experiment.
They further demonstrated that recognition accuracy for the individual

items in their experiment was strongly correlated with the amount of
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Fig. 1 Examples of tree diagrams generated by the Spoehr and Smith
(1975) recoding scheme: (a) pronounceable item (b) spelling pattern
item (c) unrelated letter string.
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recoding required according ta the translatien scheme, Amount of re-
coding was measured both in terms of the number of levels or the depth
of the tree diagrams and in terms of the total number of nodes gen-
erated. The total number of nodes was the more accurate predictor of
tachistoscopic accuracy, accounting for a significant 357 of the variance
in tachilstoscopic recognition,

A second study by Spoehr and Smith (1975), using slightly dife
ferent item types, also resulted in tachistoscopic accuracy which was
predicted under their phonemic recoding scheme, Generally, they pro-~
posed that this process of translating &isual units (VCG's) into acous~
tic representations is a dominant if not necessary strategy in the perc
ception of letter strings of all types; the efficiency of which is an
important determinant of perceptual acéuracy, -

As a final point, Spoehr and Smith (1975) note that the recoding
scheme alone can not account for thetr previous finding of a M“syllable
effect' in the perception of words., If the words PAINT and PAPER were
not first parsed into VCG units, both would result in the same numher
of nodes and the recoding scheme described above would predict equal
perceptibility for these words, The specific contributions of the VCG
parsing process and the phonemic recoding scheme to the overall process
of word identification will be considered in the next section of the

paper,



TWO MODELS OF WORD IDENTIFICATION PROCESSES

In the following section, two general models of word identification
processes will be described as they may occur during reading. The scope
of these models ranges from that point in time where the viséal system
begins processing a word up until the point at which the letter string
can be identified as representing some semantic category. Experimentally,
the end product of the word identification process must be a written or
verbal report. For both models, an attempt will be made to encompass
the phenomena which have been previously considered and to discuss the
potential role of higher-order perceptual units in the identification of
words. Special attention will also be paid to the role of syllables and
to the role of acoustic recoding in the visual processing of_words.

The first model has been called the '"VCG-Recoding' model. The
name follows from the terminology of Spoehr and Smith (1973, 1975) and
the model draws heavily from their experimental work. Certain contri-
butions, however, have also been taken from the theory of word identi-
fication proposed by Gough (1972). The VCG-Recoding model is formulated
in fairly rigorous information processing terms where specific stages
regarding the state of input information are described and specific
operations are detailed for transferring information from one state
to another.. It should be noted at the outset that the model as presently
described, is nowhere explicitly detailed by Spoehr and Smith. The
VCG-Recoding model should be viewed as an attempt to logically synthesize

the different facets of Spoehr and Smith's (1973, 1975) program of
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research into a complete description of word identification processes,
The second model to be describea is a more lossely formulated
feature-analytic view which emphasizes qualitative differences in word
identification processes as the structure of the material and the
reader's own knowledge of this structure varies. This model- will be
called the "Feature Redundancy" model and it is based largely on the

work of F. Smith (1971) and Laberge and Samuels (1974),

The VCG-Recoding Model

Four basic stages are included in this model; feature extraction,
identification of letters, perceptual parsing of letters into VCG units,
and phonemic recoding of VCG's into acoustic representations. For the
most part, these stages are assumed to occur in sequential order with
subsequent stages operating on the output of the preceding one. Thé
stages will now be considered in order of occurrence.

When a word is confronted by a reader, the first step is for the
visual system to extract featural information from the input. Fea-
tural information refers to a description of the input in terms of
basic line segments, angles, and curves. The VCG-Recoding model assumes
that the extraction process operates on the features making up the
individual letters of a word. Therefore, a set of features is generated
for each of the component letters (cf. Smith & Spoehr, 1974).

Both physiological and behavioral evidence suggests that the
visual system is, in fact, sensitive to features of the type just de-
scribed. On the one hand, Hubel and Wiesel (1962, 1963, 1965) have
demonstrated that certain cells in the visual cortex of a cat are sen-

sitive only to line segments in specific orientations while still other
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cells are activated only by particular angles, Thus, physiological
data seems to indicate that cortical cells function as detectors for
very specific kinds of featural information,

Behavioral studies are also suggestive of the feature extraction
process. Mayzner (1975) has demonstrated that incorrect reports of
briefly presented letters are usually other letters which are very
similar in geometry to the one actually presented. For example, "R"
is very often confused with "P".

Returning to our description, the next stage in the VCG-Recoding
model is an interpretive one in which the extracted feature sets are
serially matched to individual letter categories. This stage, of course,
assumes that the reader has had experience with alphabetic characters
in order for these identifications to be made. It is assumed that a
schematic description of the features representing each letter is
stored in memory.

According to Smith and Spoehr (1974), the result of this match-
ing or identification process is that the categorized information is
held in a very brief sensory store. Sperling (1960) has described
this sensory register as a rather literal copy of the presented infor-
mation persisting in the nervous system. Neisser (1967) gave the name
"icon" to the contents of the sensory store.

At thié point, it will be wise to deal with a conceptual problem
surrounding the letter identification stage. The "VCG-Recoding" model
maintains that the process of categorizing extracted feature sets is a
serial one. Therefore, the letters are identified in a sequential

order; presumably left to right during reading. However, the mammer in
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which the term identification is used by Spoehr and Smith (1973) in
discussing this stage does not mean that the letters are named at this
point of processing., Rather, identification, in this context merely
implies that the reader comes to "know' what the features represent
and could therefore respond to them in some discriminative manner. It
should be noted, however, that most researchers supporting a serial
analysis of letters uses the term identification to mean that letters
are read out of the icon (i.e., named) sequentially and it is only then
that they are identified.

The third sfage in the "VCG-Recoding" model is the perceptual
parsing process described by Spoehr and Smith (1973) in which cate-
gorized strings of letters are segmented into vocalic center groups.
This operaftion would supposedly represent a situation where letters can
be discriminated although they have not yet been named. The parsing
operation follows a set of implicit rules proposed by Hanson and Rodgers
(1965). To reiterate, the vocalic elements of a word are first marked
with the consonants subsequently grouped with the correct vocalic
element according to the appropriate rule for the presented pattern
of vowels and consonants. The parsing operation is operating on iconic
information.

The final stage of word identification in the VCG-Recoding
model is the phonemic recoding scheme. This process tramslates the
visual VCG unit into an acoustic form. Spoehr and Smith (1975) point
out that the type of recoding they intend is not a covert speech code
but rather a program which can generate either overt or covert speech.

Gough (1972) has suggested that visual information is transposed into
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what he has called a systematic phonemic representation, According to
Chomsky and Halle (1968), systematic phonemes are abstract entities that
are related to the sounds of the language but stand at some temporal
distance from the actual posting of speech commands.

Spoehr and Smith (1975) are not entirely clear with regards to the
mechanics of the phonemic recoding scheme. The experimental work with
which this proposed scheme was developed only considered the identifica-
tion of single syllable words or pseudowords and unpronounceable letter
strings which could not be formed into proper syllabic units. Therefore,
the manner in which the translation process operates on a word containing
two or more VCG's is not specifically detailed. However, in discussing
the relationship between perceptual parsing and phonemic recoding, Spoehr
and Smith (1975) indicate that the recoding scheme operates independently
and sequentially on VCG units in order that the phonemic constraints with-
in the entire word may be properly specified. This means that the tran-
slation of one unit is completed before the translation of a second unit
begins. For present purposes, it will be assumed that the recoding of
syllabic units is a strictly serial process with the translation of two
units requiring more time than the translation of one. This assumption
is necessary in order that the '"syllable effect" be considered as a
general phenomenon in word identification under tachistoscopic condi-
tions. Spoehr and Smith (1975), as mentioned, do not believe that the
phonemic recoding scheme alone accounts for the "syllable effect".
However, it should lastly be pointed out that the Spoehr and Smith (1975)
study also indicates that the amount of recoding (i.e., the number

of nodes generated) within a single VCG influences the tachistoscopic
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accuracy. Therefore, the recoding process is not parallel within a
single unit but logically it appears that the time to move from unit
to unit is at least as important as the time necessary to complete the
recoding of a single VCG.

In summary, the VCG-Recoding model of word identification de-
scribes four operations, feature extraction, letter identification,
perceptual parsing, and phonemic recoding. It assumes that this se-
quence of operations is the general means by which all letter strings
are identified (i.e., words, pseudowords, unrelated letters). Also,
the VCG—Recoding model specifies that perceptual accuracy is determined
by the likelihood that all of the stages of processing can be efficiently
completed. Difficulty in completing any of the stages can produce
anomolies in the identification of wordé or other types of letter

strings.

The Feature Redundancy Model

The "Feature Redundancy" model begins with the basic premise that
words not letters are being identified during the process of reading.
Therefore, any operation which is concerned with the analysis and iden-
tification of individual letters is considered to be somewhat irrelevant
to the actual processes of word identification.

F. Smith (1971) assumes that the first step in word identifica-
tion is the extraction of visual features similar in nature to those
described in the VCG-Recoding model. However, Smith maintains that
the extraction process occurs in a parallel fashion and that the gen-
erated set of features is not simply matched against individual letter

categories but rather is matched against stored featural sets repre-
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senting entire words whenever possible.

The notion of feature redundancy which is important for this
model means that the visual features extracted from a word tend to occur
in familiar patterns and relationships across the entire word. The
idea is very much like the redundancy and predictability of letters in
a word but is referring to purely visual information. Actually, it
should become clear that the Feature Redundancy model maintains that
featural redundancy is the reason behind the "familiarity effects"
which have been discovered in many experiments. The crucial point
is that the feature set necessary to discriminate a particular word
from all other words is not simply the sum of the features necessary
to identify component letters individually.

It is pointed out by Smith (1971) that the stored feature set
which allows a word to be identified in its entirety does not necessar-
ily contain all of the features that would be necessarily present to
unambiguously identify the component letters if they were presented in
isolation. For example, if only three out of seven potential features
were extracted for each letter, this information in the proper spatial
array would, nonetheless, be sufficient to make clear what word had
been presented.

An actual visual demonstration taken from Kreuger (1975) will,
perhaps, make Smith's position more easily understood. Consider the
set of line segments shown in Figure 2, example a. The configuration
may be likened to the result‘of the feature extraction process for
a single letter contained in a word. These lines probably do not seem
to unambiguously represent any particular letter. Nor do the other

sets shown in Figure 2, examples b, ¢, and d. Let us now, however, put
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Fig 2. TIllustration of feature extraction process according to the
Feature Redundancy model.
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the four sets of line segments together in a positional arrangement
such as that found for the letters contained in a word. This is shown
in example e of Figure 2. It should now be readily apparent that taken
together these sets of lines represent the word FEET. Considered
individually, however, it is unlikely that such a conclusionr could
have been reached so easily. It is equally unlikely that the groups
of line segments placed in a random postional arrangement would eluci-
date the component letters (cf. Figure 2, example f).

This simple demonstration conveys the essence of the Feature
Redundancy model of word identification. Skilled readers anaiyze words
as whole patterns and individual letters are unimportant except for
the featural information which they yield in making this feat possible.
Smith (1971) maintains that fluent reading is for the most part a -
visual process; therefore, the reader goes directly from print to mean-
ing. Semantic concepts can be associated directly with visual represen-
tations and the recoding of visual information into an acoustic form
is certainly not a necessity.

This last point may also be vividly illustrated through a simple
demonstration; this one taken from Brewer (1972). If word identification
is necessarily accomplished by the recoding of visual information into
acoustic form, one would expect to encounter little ambiguity while
reading the féllowing sentence. ''The none tolled hymn that she had
scene a pear of bear feat in the haul." The sentence, however, is not
easily understood without considerable effort. Clearly, the actual
visual information contained in the word (i.e., its spelling) is an

important factor in appropriately identifying a word and setting up
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correct expectancies for words which will follow in a sentence, This
visual information can not be sacrificed for a mere acoustic coding.

The demonstrations which have been provided certainly compel
one to accept the fact that processes such as those described by F.
Smith (1971) do, in fact, occur, at least, in some instances. However,
the "Feature Redundancy'" model as stated thus far is not without problems.
If words are identified by matching extracted features against stored
feature sets for words as a whole, how are the "Familiarity Effects"
discussed earlier to be explained. In particular, why are pronounceable
pseudowords which have probably never been encounteréd before more
easily identified than unrelated letter strings. According to the
whole-word approach taken by Smith (1971), it would seem that both cases
would force a letter-by-letter analysié; no general feature set would
likely be stored for either type of item. Perhaps an even more basic
question is how an individual acquires the featural sets necessary for
identifying words as whole units. For a Feature Redundancy model of
word identification, these two questions are quite interrelated and
they will be considered together as the model is elaborated.

According to Smith (1971), the earliest form of reading may be
an individual analysis of letters with subsequent mapping into sound.
Early reading instruction first devotes considerable attention to the
process of discriminating letters or put another way, learning the
critical feature sets for the alphabetic characters. Once this basic
code has been established, the beginning reader is able to tap into
the vocabulary which is already known in an aural fashion by translating

graphemes into phonemes. But already, the irregularities found in
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recoding from letter to sound must be confronted. This problem is
usually overcome via phonics training in which invariant relationships
are demonstrated between letter combinations and sounds. Thus, SPs, in
the sense discussed by Gibson (1970), are learned.

Smith (1971) maintains that these SPs are then structured into
featural sets or schemas of featural information and become single per-
ceptual units during word identification. By this, it is meant that
featural redundancy is beginning to operate for SPs in the same way de-
scribed initially for whole words. For example, the featural information
needed to identify the combination "TH" would not simply be the sum of
the features needed to identify the letters in isolation. While the
relationship of SPs to sound guides the early reader in establishing
higher-order units, these units, once established, can function in a
purely visual fashion. The matching process is operéting on chunks of
featural information larger than a letter but smaller than a whole word.
For unusual combination of letters, the Feature Redundancy model assumes
that featural information must be analyzed on a letter-by-letter basis.

Laberge and Samuels (1974) have discussed the role of attention
in the process of word identification and their work fits well into the
model being described here. Their position may be described in the
following manner. Once featural information has been extracted from a
word, a matching process operates automatically with whatever stored
feature sets or schemas that are available. In Laberge and Samuels'
terms, the highest possible code or unit (i.e., a word, a SP, a letter)
is activated directly by the visual information without the aid of

focal attention. If a word can not be identified as a whole by matching
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extracted features against stored schemas, attention must be devoted
to unambiguously categorizing the extracted features in terms of smaller
wmits (L.e., a letter or a SP) and then constructing a unitary coding
for the word, In these situations, acoustic representations do become
necessary. 2

The word '"THORN" may be used as an example. Let us suppose that
a young reader is encountering this vocabulary item for the first time
in a visual fashion. The reader, therefore, has no complete featural
description for this word. When the visual system begins processing the
word, the extraction process generates featural information and the
matching process takes over. The pattern "TH" is identified immediately
because this SP has become familiar and the reader has a stored schema
to use in its identification. However, the word as a whole can not
be identified immediately and attention must be directed back to the
graphic representation so tﬂat the features necessary to individually
identify the remaining three letters are extracted. Now, in order for
the reader to assign meaning to the string of letters, some unitary
coding must be constructed. For word identification of this type,
acoustic recoding is necessary. Not only must the last three letters
be combined with the initial SP but the SP must be maintained while
the identification of the remainder of the word is competed. Trans-
lation into ;\more durable acoustic code (cf. Conrad, 1972) makes
this fragmented type of word identification possible. It should be
noted that the example presented has not involved a strictly serial
identification of letters with a subsequent recoding process. Rather,

an attempt was first made to identify the word with higher-order schemas



of featural information, the portion identified in this manner is trans-
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lated into an acoustic code so that it may be preserved while the re-
maining portion of the word is identified., The remaining letters were
then acoustically coded as they were identified. F. Smith (1971) has
referred to operations such as those just described as sound mediated
word identification.

Although word identification may be accomplished through nediated
processes, the Feature Redundancy model assumes that the ultimate aim
of the reader is to reach the point where all frequently occurring words
can be identified by matching extracted features directly to schemas
for the entire word. It is only through continued experience with the
reading process that this state-of-affairs can be approximated. During
intermediate stages of reading, many different variations of mediated
word identification will occur depending upon the specific structure of
a word and the type of featural sets which the reader has previously
established.

The studies of Gibson, Pick, Osser, and Hammond (1962) and Gibson,
Pick, and Osser (1963) suggest that feature sets for high-frequency SPs
are established and employed very early in the acquisition of the reading
skill. The research with deaf individuals gives added weight to the
position taken by the Feature Redundancy model that SPs function as
purely visual\units (Gibson, Shurcliff, & Yonés, 1970).

Although the feature sets for SPs may eventually be replaced by
complete featural descriptions for the identification of some words, the
schemas for SPs will not be lost and can be used when unfamiliar words

or pseudowords are encountered. The "Familiarity Effects' discovered
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in the probe-recognition experiments could then be explained along these
lines,

It seems reasonable to suggest, however, that SPs in the simple
sense of two or three consonant combinations (e.g., ch, str) with in-
variant mapping to sound are not the only type of higher-order perceptual
unit employed in word identification prior to the establishment of com-—
plete featural sets for the identification of words. As mentioned ear-
lier, children continue to develop word identification skills beyond the
third grade when SPs appear to be employed in an efficient manner.

The '"syllable effect" discovered by-Spoehr and Smith (1973) and
incorporated into the "VCG-Recoding'" model also seems to have potential
implications for a Feature Redundancy model of word identification. It
may be suggested that syllables or vocalic center groups begin to func-
tion as perceptual units with continued reading experience. Like SPs,
the structure of syllabic units may be detected through the relationship
between graphemes and phonemes because a syllable forms the basic unit
of articulation in speech (cf. Liberman, Ingram, Lisker, Delattre, &
Cooper, 1969). Again like SPs, featural sets may be established for
syllabic units and begin tec function as visual units during the matching
process in word identification with the advantage of feature redundancy.

The "Fgature Redundancy' model of word identification may now be
summarized with a number of basic propositions. First, feature infor-
mationis extracted from a presented word with the extraction process
operating on the visual configuration of the word as a whole. Second,
the extracted information is matched against stored schemas of featural

information, the most basic schema describing an individual letter.
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Third, experience with written material will result in the establishment
of higher-order schemas of information which define more specific visual
configurations. These higher-order schemas represent common SP units,
possibly syllabic units, and ultimately entire words. Further, the
schemas are stored in purely visual-spatial terms, independent of their
phonemic representations. Fourth, during the matching process, the
highest order schemas available will be automatically employed in iden-
tifying the extracted features. Fifth, auditory recoding is only nec-
essary when higher-order schemas can not be used to identify the entire
word and attention must be devoted to analyzing the word on a fragmented
basis.

Overall, the Feature Redundancy model views the perceptual pro-
cess of word identification as proceding under a system of analysis-by-
synthesis such as that proposed by Neisser (1967). Neisser's view main-
tains that perception is not a one-way street with all information flow-
ing from peripheral stages of processing to more central levels. Rather,
the Feature Redundancy model suggests that schemas of featural information
stored in memory contact the features extracted from a presented word.
If the schema called up from memory is consistent with the extracted
features, the entire unit can be identified or, at least, attention may
be directed to the unidentified part of the word so as to extract sa-

lient features necessary for an unambiguous identification.

Comparison of the Two Models

Before concluding this section, it will be helpful to contrast
the VCG-Recoding model and the Feature Redundancy model in terms of

major similarities and differences. For both models, an extraction pro-
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cess 1s included as the initial stage of word identification and both
view this process in basically the same terms. That is, they are in
agreement regarding the nature of the features (i.e.,, lines, angles,
curves) extracted by the visual system.

Important differences, however, are found in subsequent stages
of processing where the extracted information is interpreted. The VCG-
Recoding model maintains that there is a preliminary identification of
letters in which stored schemas representing individual letters are
matched with the sets of extracted features. Alternatively, the Feature
Redundancy model maintains that the matching process is not necessarily
at the level of single letters. In fact, this position holds that
that the matching will be made at the level of higher-order perceptual
units whenever possible. It is assumed that schemas of featural infor-
mation are stored for whole words, SPs, and possibly syllabic units
in addition to those representing single letters.

In the VCG-Recoding model, a parsing operation subsequently groups
the individual letters into syllabic units for eventual recoding into
a phonemic form. The Feature Redundancy model includes nc parsing
operation of this type. Instead, it has been hypothesized that a sylla-
bic unit is one dimension along which higher-order schemas may be formed.

Finally, the VCG-Recoding model as formulated necessarily in-
cludes a tranéiation process in which the syllabic units generated by the
parsing operation are recoded into some sound representation. The
Feature Redundancy model, on the other hand, does not necessarily in-
volve phonemic recoding if a word can be identified using schemas repre-
senting its entirety. Recoding is only necessary in cases of fragmented

identification.



THE PRESENT RESEARCH

The present experiments are concerned with the role of syllables
and the role of acoustic recoding in the identification of briefly pre-
sented words. While investigating these issues, the characte;istics of
the stimulus words have been taken into account by including samples of
common and uncommon words in each of the experiments conducted. Addition-
ally, the subjects' own experience with the reading process has been
considered by observing the identification of words by both adult and
grade-school readers. It should be kept in mind, however, that the more
general intent of the this research is to provide a better understanding
of the manner in which words are normally identified during the process
of reading. A

A basic strategy followed throughout the series of investigations
has been to formulate research hypotheses so as to test predictions
drawn from the VCG-Recoding model. The reason for this strategy lies in
the fact that the VCG-Recoding model specifies very definite and sup-
posedly universal stages of processing and, therefore, lends itself to
rigorous investigiation. When possible, however, predictions and infer-
ences drawn from the Feature Redundancy model will be indicated.

The first two experiments deal with the '"syllable effect'. Because
a syllabic unit occupies a potentially important role in both of the models
which have been described, further assessment of the manner in which the
syllabic structure of a word influences their identification appears

warranted. Parenthetically, no subsequent investigations have repli-
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cated or elaborated upon the finding of a '"syllable effect" since the
original study by Spoehr and Smith (1973). Therefore, the notion of a
syllable as a higher-order perceptual unit has remained virtually un-
investigated.

The third experiment deals with the question of acoustic recoding
during word identification. An attempt is made to determine if and when
such a process is necessary. No specific tests of the Spoehr and Smith
(1975) phonemic recoding scheme have been made.

For all of the experiments, a full-report technique has been em-
ployed. This procedure requires that the subject report the entire word
or, at least, as much of the word as possible follﬁwing a very brief
exposure of the stimulus item.

There are a number of reasons for using the full-report method as
opposed to the more rigorously controlled probe-recognition technique
developed by Reicher (1969).‘ To begin with, the original Spoehr and
Smith (1973) study had demonstrated the "syllable effect” with both full-
report and probe-recognition responses. Secondly, pilot work suggested
that the sixth-grade students to be tested in Experiments II and III
might.experience difficulty in comprehending the mechanics of the probe-
recognition technique and, thus, perform inadequately in the experimental
setting. Therefore, in deference to the younger subjects, the full-report
method appearea more appropriate here.

An additional and even more important reason for employing the
full-report technique 1s that this experimental task appears more gener-
alizeable to the actual reading process. In probe-recognition, the sample

of stimulus words would need to be restricted to those items where al-
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ternative letters could be presented so that both would form a word.
In trying to include stimuli representing a wide range of word frequency
as well as stimuli varying in syllabic structure, the added requirements
of the probe-recognition task would result in a very limited pool of
stimulus words. The full~-report method, on the other hand, does not as
severely limit the number of potential stimulus items.

Also, a number of investigators have cautioned that the perceptual
strategies engaged by an individual during a probe-recognition experiment
where only a single letter response is required may not reflect the
processes engaged during actual reading (cf. Brewer, 1972; Manelis, 1974).
The full~-report method, however, requires that the subject attempt to
identify the entire stimulus word is necessary during reading.

While it is true that guessing or verbal inference on the part of
the subject may contribute to the overall level of performance with the
full-report method, there is ;o a priori reason to assume that these
factors will differentially affect the report of one and two syllable
words which is the distinction of primary concern for the present in-
vestigation. This assumption has, in fact, been confirmed by post hoc
analyses of the stimulus items in terms of measures of sequential and
positional redundancy. These analyses will be noted later in the appro-
priate places. The question of interest hefe is whether our experimental
manipulations will influence the identification of words in a relatively

natural situation where unrestrained response is permitted.



EXPERIMENT I

Experiment I replicates the "syllable effect' reported by Spoehr
and Smith (1973) under an extended range of experimental conditions.
The "VCG-Recoding" model predicts that words which can be parsed into
a single VCG should be more readily identified than words which must be
parsed into two VCG's provided that the possibilities for verbal infer-
ence are equated for the two word types. Thus, the '"syllable effect"
should be equally apparent in samples of both common and uncommon words.
That such is the case, however, is not clear from the Spoehr and Smith
(1973) study. In that experiment, one and two syllable words were
matched for length and frequency of occurence in language but the actual
range of frequencies was not reported. The examples provided were all
high frequency words. Therefore, Experiment I has observed the report
of one and two éyllable words which have also been systematically varied
‘in terms of Thorndike-Lorge frequency, samples of very high and very
low frequency words being included among the stimulus items.

While it is expected that high frequency words will overall be
identified more accurately than low frequency words due to their higher
probability of being generated as a response, the crucial prediction

drawn the "VCG-Recoding" model is that one syllable words will be better

identified than two syllable words within each of the frequency categories.

The present experiment has also systematically varied the pro-
cessing time allowed for the various stimulus types. In the Spoehr and

Smith (1973) study, the role of processing time was not considered.
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A threshold for 75% accuracy was established pre-experimentally for
each subject and was then maintained throughout the experimental ses-
gions.

This manipulation of processing time was included primarily for
purposes of speculation about the two models rather than for the pur=
pose of making specific predictions based on the models. It should be
remembered that the "VCG-Recoding' model maintains that an entire series
of stages is necessary for the unambiguous identification of a word.
When experimental conditions reduce the amount of time available for
identification, it follows that the possibility of completing the series
of stages will be reduced. It should also be noted that the final
phonemic recoding stage will be the first affected for the stages are
assumed to occur in serial order. Because the "syllable effect", -accord-
ing to the VCG-Recoding" model, is produced by the shorter time needed
to recode one as opposed ta two VCG's, it would seem that the magnitude
of the '"syllable effect" would be affected as processing time became
progressively shorter. The phonemic recoding stage would be seriously
disruptgd and verbal inferences would be more important in producing
correct reports.

The "Feature Redundancy" model, on the other hand, would not
necessarily\expect the influence of syllabie structure to diminish
as overall éerformance declines. According to this model, the poten-
tial role of syllables is in the use of an active perceptual strategy
whereby extracted information is matched directly to schematic repre-
sentations stored in memory. In other words, the same perceptual

strategy would be employed despite changes in available processing time.
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Method
Subjects. The subjects were 18 Loyola University students who
participated in partial fulfillment of a psychology course requirement,

All subjects were required to have normal or corrected-to-normal vision.

Materials and Apparatus. The stimuli consisted of 60 five-letter

words varied in terms of the number of syllables which they contained
and in terms of their Thorndike-Lorge frequency count. The words were
comprised of either one or two syllables and were either high or low
frequency. High frequency stimuli were listed as either A or AA words
in the Thorndike~Lorge count while low frequency words were listed as
occurring between 1 and 15 times per million. Combination of these two
factors resulted in four stimulus types; High Frequency-One Syllable words
(HF-1), High Frequency-Two Syllable words (HF-2), Low Frequency—OneA
Syllable words (LF-1), and Low Frequency-Two Syllable words (LF-2). The
stimulus set contained 15 of each of these diffe;ent types. Each one
syllable word was matched with a two syllable word having the same ini- -
tial letter and a comparable frequency count. The mean frequency for
LF-1 words was 7.27 as compared to 5.80 for LF-2 words. The complete
list of stimuli is presented in Appendix A.

The stimuli were presented on a Digital Equipment Corporation
Cathode-Ray Tube (CRT), a VR-14, under the control of a PDP-8 digital
computer. The surface of the CRT screen is coated with a fast-decaying
pbesphor (P24), having a decay time of less than 5 microseconds. The

( stimulus words were displayed such that each letter was constructed

o

\ within a 5 X 7 matrix of points with these points corresponding to the

\

\ggometry of a particular upper-case letter being illuminated, !

i
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The stimulus words were .6 cm in height and 4.5 cm in width, sub-
stending a vertical angle of 0°950' and a horizontal angle of roughly
500" from a viewing distance of 80.5 cm, The masking stimulus employed
throughout the experiment consisted of 5 adjacent blocks of points,

Each block was constructed by illuminating all of the points.within the
5 X 7 matrices in which the letters composing a word were formed.

For this experiment, the screen of the CRT was covered with black
construction paper except for a small rectangular aperture bordered in
white which was sufficiently large to encompass the size of the exper-
imental displays. Both the stimulus wofds and the masking stimulus

appeared as a pale green color against a black background.

Procedure and Design. Throughout the experiment, a single trial

consisted of the presentation of a stimulus word for 15 msec, followed
by an interstimulus interval (ISI) of variable duration before the onset
of the masking stimulus for 500 msec. The masking stimulus (i.e., the
five blocks of points) completely covered the exact area on the CRT
screen in which the five-~letter word had appeared.

The experiment is embodied in a 2 X 2 X 5 X 5 within-subjects
design. The first two factors refer to the two stimulus dimensions
(syllableé and frequency) described above. The third factor refers
to the ISI between the stimulus word and the masking stimulus. Inter-
stimulus intervals of 5, 10, 15, 20, and 25 msec were included.. An.

experimental session consisted of 300 test trials which were divided

. The program used for displaying the stimulus items was written at
New York University by Mr. F. Distenfeld.
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into five blocks of 60 presentations, Trial blocks constituted the
fourth factor in the experimental design. Within a block, all 60 stim-
ulus words were presented once. Twelve words were displayed at each of
the 5 ISf conditions, 3 of each 12 at a given ISI being selected from
the four different types of stimulus words, Across the blocks, each
stimulus word was presented under each of the five ISI durations. The
order of the stimulus words was randomized within a block of 60 trials
and using a randomized block procedure, each subject was shown a unique
ordering of the five trial blocks.

At the outset of each session, the subjects were given 15 prac-
tice trials with words not included in the experimental set. The items
used during the practice trials consisted of 8 high frequency and 7 low
frequency items. During these trials, the subjects familiarized them-
selves with the procedure of signalling the experimenter when they were
set for another trial. For the 300 experimental trials, observations
were recorded on specially prepared response sheets. Numbers from 1 to
60 were listed on each sheet, ordered in two columns of 30. Following
each number, five blank spaces were provided in which the subjects were
to print the five letters contained in each stimulus word. Pre-experi-
mental instructions indicated that partial responses were acceptable
and that identified letters should be placed in the spaces corresponding
to the serial positions where the subject believed the letters to have
occurred. During the course of the experiment, rest periods on the order
of a few minutes were‘installed after the first, second, and fourth block
of trials. Following the third block, a rest period of approximately 5

min. was given during which the subjects were allowed to leave the exper-



55
imental room. Also, within a block of trials, there were brief pauses
after the initial 30 trials to insure that the subjects were at the
appropriate place on their response sheets, The sessions ranged from
75 to 90 min. in length and were conducted under dim illumination suf~
ficient for the subjects to record their observations. At the close of
the experiment, each subject was shown the complete list of stimulus
items and asked to indicate any of the words whose meanings were not
known. None of the subjects, however, indicated that any of the words

were unfamiliar.

Results

The data collected in Experiment I as well as in the subsequent
two experiments were analyzed in two fashions. The first analysis con-
sidered the subjects' responses in terms of whether or not the words as
a whole were reported correctly. Therefore, partially correct responses
were considered wrong. The second analysis took into account partial
word reports by treating the data in terms of all letters reported in
the correct spatial position regardless of whether the word as a whole

was reported correctly.

Whole~-Word Analysis. Table 1 shows the mean proportion of correct

whole-word reports for the various stimulus types at the five levels of
ISI. Inspection reveals that report accuracy increased with lengthened
ISI except for LF-1 items where there is a slight drop in performance
from an ISI of 20 to 25 msec. Additionally, it may be observed that
one syllable words hold a consistent advantage over two syllable words

for high frequency items at each ISI while two syllable words show a
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Table 1
Mean Proportion of Correct Whole-Word Reports for
One and Two Syllable High and Low Frequency

Words at Different ISI's in Experiment I

Inter-Stimulus Interval

High Frequency 5 msec 10 msec 15 msec 20 msec 25 msec
One-Syll. 44 .60 .69 72 .73
Two-Syll. .35 .49 .59 .62 .68

Low Frequency
One-Syll. .19 .24 .35 42 .40

Two-Syl1l. «26 w3 .40 .46 .53
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consistent advantage for low frequency items.

These observations are confirmed in a four-way repeated measures
analysis of variance (ANOVA) with Word Frequency (High & Low), Syllables
(1 & 2), ISI (5, 10, 15, 20, & 25 msec) and Trial Blocks treated as the
independent variables. Significant main effects were obtained for
Frequency, F (1, 17)=86.04, p €.001; ISI, F (4, 68)=52.15, p<.001;
and for Trial Blocks, F (4, 68)=25.99, p¢ .001. The differential effect
of syllables on report accuracy in the two frequency categories is in-
dicated by a significant Frequency by Syllable interaction,F (1, 17)=
41.29, p«.00l. The main effect for Syllables as well as all other
interactions were not found to be significant.

As expected, high frequency words were reported with gfeater
accuracy than low frequency words. The overall proportion of high .
frequency words reported correctly was .590 as compared to .360 for low
frequency words.

The Frequency by Syllables interaction is made clear in Fig. 3
where the mean proportion of correct identification for the four item
types has been plotted. Simple effects analyses were conducted accord-
ing to a procedure outlined by Winer (1973, pps. 544-5) in order to test
the significance of variation attributable to the number of syllables
at each frequency level. For high frequeﬁcy words the advantage in
report accur;éy for one syllable words was found to be reliable, F (1, 17)
=28.67, p£.001; while conversely, the advantage for two syllable words
was found to be significant for low frequency items, F (1, 17)=19.33,

p <.001. |

The main effect for Trial Blocks can be described in terms of
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progressively increasing report accuracy across the five experimental
blocks. Collapsed over all other variables, the mean propertions of
correct identifications were .36, .44, .50, .54, and .56, respectively,

for the five trial blocks.

Errors. In order to provide a fuller picture of subj;ct perfor~
mance, the incorrect résponses in the whole-word analysis were further
classified according to three types of errors. A Partial Correct report
refers to those responses were one or more letters were reported in the
appropriate spatial position but the word as a whole was incorrect. An
All Wrong report is a response in which some letters were reported but
none were correct. Finally, an All Blank report means that no letters
were reported. Table 2 gives the overall proportion of these three
types of errors as well as the overall proportion of correct word iden-
tification. It may be noted that these proportions for correct identi-~
fications differ somewhat from the mean proportions plotted in Fig. 3.

Examination of Table 2 reveals that the pattern of errors is
roughly the same for each of the item types; Partial Correct responses
being the most common and All Blank errors being slightly more common
than All Wrong errors. Comparison of a particular kind of error across
item type, however, is not meaningful in that the proportion of possible
errors 1s dependent on the level of correct identification.

To make such comparisons possible and to provide a more insightful
look at the error data taking into account the performance of individual
subjects, the following procedure was undertaken. For each subject, the
errors for each type of item were classified according to the three cat-

egories described above. Subjectwise proportions were determined by




Table 2
Overall Proportion of Correct Word Identification and
Partial Correct, All Wrong, and All Blank Errors

for Four Item Types in Experiment I

Type of Response

All Partial All All
High Frequency Correct Correct Wrong Blank
One-Syll. .57 .24 .09 .10
Two-Sy11l. .49 .30 .09 .12
Low Frequency
One-Syll. .29 47 «11 .13

Two-Sy1ll. .35 .40 .11 .15
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dividing the number of errors falling into each category by the total
number of errors for a particular item type. Mean proportions were
then computed and these are shown in Table 3,

Inspection of this table reveals an interesting pattern. It
can be seen that for high frequency items, the mean proportion of
Partial Correct responses is somewhat higher for two syllable as com-
pared to one syllable words while the mean proportion of All Blank
reports is somewhat higher for the one syllable stimuli. For low fre-
quency items, however, the pattern is reversed; the mean proportion of
Partial Correct reports is higher for one syllable words and the mean
proporfion of All Blank reports is higher for the two syllable stimuli.
In both frequency categories, the All Wrong reports are virtually iden-

tical.

Letter Analysis. Table 4 presents the mean proportion of letters

identified in each spatial position for the four types of items at each
level of ISI. The data on which these means are based were initially
analyzed in a four-way repeated measures ANOVA treating Word Frequency,
Syllables, ISI, and Letter Position as the independent variables. Sig-
nificant main effects were discovered for Frequency, F (1, 17)=74.12,

P <.001; Syllables, F (1, 17)=18.74, p £.001; ISI, F (4, 68)=67.42,

P <.001; and Letter Position, F (4, 68)=6.87, p<£.0l. Straight-forward
interpretation of these variables, however, is complicated by the fol-
lowing significant interactions; Frequency by Syllables, F (1, 17)=
11.17, p ¢.01; Frequency by Letter Position, F (4, 68)=9.00, p £.01;
Frequency by Syllable by Letter Position, F (4, 68)=7.23, p £.01;

and Frequency by ISI by Letter Position, F (16, 272)=2.32, p &.05.



Table 3
Mean Proportion of Partial Correct, All Wrong,
and All Blank Errors for Four Item Types

in Experiment I

Type of Error

Partial All All

High Frequency Correct Wrong Blank

One-Syll. .60 .16 .24

Two-Syll. +62 .16 52
Low Frequency

One-Syll. .68 i .18

Two-Syll. .64 .15 .21
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Table 4

in Experiment I

High Freq. High Freq.
One~Syll. Two-Syll.
.52 .48
.49 .45
.49 .36
.50 .39
.54 .45
.67 .60
.66 .56
.64 .51
.60 .55
.64 .58
.74 .69
.76 .68
.68 .62
.68 .67
.72 «73
.76 .72
.77 .74
.76 .64
.76 .66
.77 o 42
.78 .79
77 .74
.74 .65
.74 .70
17 .73

Type of Item

Low Freq.
One-Syll.

.39
.34
+29
33
.33

«59
Ny
.40
.46
A4

.66
.58
47
47
«53

71
.63
.54
.57
.60

.74
.65
.54
.55
.66

Low Freq.
Two-Syll.

.37
.28
.30
.28
.37

.52
.43
.41
«39
47

.64
.54
.50
.51
.60

.64
«31
.49
|
.60

.75
.70
B2
.60
73

63
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The Frequency by ISI by Letter Position interaction is graphed
in Fig. 4. For high frequency words, the proportion of identified
letters increases with ISI although there appears to be little differ-
ence between times of 20 and 25 msec. The Letter Position curves are
also not entirely uniform across the five levels of ISI. For low fre-
quency words, however, lengthened ISI results in a more ;egular‘in—
crease in letter identification with all of the Letter Position curves
assuming a basically bow-shaped appearance although they are less con-
cave at the shorter ISIs.

Fig. 5 depicts the nature of the Frequency by Syllable by Letter

Position interaction. An examination of the figure reveals that HF-1

words result in a virtually flat Letter Position curve while the

curve for HF-2 words is bow-shaped in appearance. For low frequency
items, both one and two syllable words produce bow~shaped curves. It
may also be noted in Fig. 5 that the proportion of letters identified
for HF-1 words is consistently higher than the proportion identified
for HF-2 words at each letter position. For low frequency items, such
is obviously not the case.

Because both of the three-way interactions just described in-
volved frequency, it was decided to further analyze the data separately
for each frequency category. Therefore, two three-way repeated measures
ANOVAs were édhducted considering Syllables, ISI, and Letter Position
as the independent variables.

For high frequency words, a significant main effect was obtained
for Syllables, F (1, i7)=29.22, p ¢.01; for ISI, F (4, 68)=37.35,

P <.01; and for Letter Position, F (4, 68)=5.92, p £.01. The Syllable
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by Letter Position interaction shown in the upper panel of Fig. 5 was
also significant, F (4, 68)=6.02, E_(.Ol. The nature of this inter-
action was further clarified by a trend analysis which resulted in a
significant quadratic main effect, F (1, 17)=16.32, p £.01; but also a
significant differencein quadratic trends between one and two syllable
words, F (1, 17)=6.84, P {-0l. Additionally, the simple main effect
of Letter Position for one syllable words did not prove to be signifi-.
cant, F (1, 68) <1.00. |

The separate ANOVA for low frequency items resulted in signi-
ficant main effects for ISI, F (4, 68)=65.58, p £.001; and for Letter
Position, F (4, 68)=10.40, p ¢ 0l; but not for syllables. The mean
proportion of letters identified for LF-1 items was .52 and for LF-2
items, .51. The Syllable by Letter Position interaction did, however,
reach significance, F (4, 68)=3.49, p {.05. Trend analysis of the data
graphed in the bottom panellof Fig. 5 revealed a significant difference
in quadratic trend between LF-1 and LF-2 words, F (1, 17)=5.31, p ¢.05;

as well as a significant quadratic main effect, F (1, 17)=23.47, p £.01l.

Syllables as Units. In order to provide evidence that syllables

function as perceptual units in the identification of words, the fol-
lowing analysis was conducted. If the letters which comprise a syllable
are treated as a single unit, then the identification of letters within
a syllable should be highly correlated. Therefore, within a syllable,
an incorrect report on letter ''n" should not be followed by a correct
report on letter '"nt+l1". Likewise, within a syllable, a correct report
of a letter in position '"n" should not be followed by an incorrect

report of a letter in position "n+1". The correlation between report
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accuracy on position "n'" and "ntl" may be assessed by adding the
obtained probabilities of the two types of alterations, correct on
position "n" and error on position '"n+1" plus error on position "n"
and correct on position '"n+1". A similar analysis was conducted by
Spoehr and Smith (1973) and they called the resulting measure the
probability of alteration, P(A). The same terminology will be used
here. If syllables function as units in word identificaﬁion, a higher
P(A) value should be found for the letter pair where the syllable
break occurs in two syllable words as compared to the corresponding
pair in oné syllable words.

Initially, P(A) values were calculated for each subject at the
four possible letter pairs in the five-letter stimuli for the differ-
ent word types. The mean P(A) values are shown in Fig. 6. Looking
at the upper panel depicting high frequency items, one may observe
that the P(A) values for tﬁe two syllable words are somewhat higher than
the values for one syllable words but that the greatest difference
occurs at letter pair 2 & 3. It is between these two letters where
the syllable break occurs in the two syllable words used in this ex-
periment according to the parsing scheme discussed by Spoehr and
Smith (1973).

A two-way repeated measures ANOVA was conducted in order to
analyze the data on which the upper panel of Fig. 6 is based. The
results indicated significant main effects for Syllables, F (1, 17)=
16.98, p.01; and for Letter Pairs, F (3, 51)=11.37, p &.01; but the
expected Syllables by Letter Pair interaction did not reach signifi-

cance, F (3, 51)=1.45, p .05.
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The bottom panel of Fig. 6 shows a markedly different situation
for low frequency words. Here, the P(A) values for one and two syll-
able words are nearly ildentical for letter pairs 1 & 2 and 4 & 5 but
the values for one syllable words greatly exceed the two syllable values
for the remaining two pairs. An ANOVA conducted on this data revealed
significant main effects for Syllables, F (1, 17)=6.56, p .01; and
Letter Pair, F (3, 51)=9.42, p £.01; as well as a significant inter-

action effect, F (3, 51)=3.25, p ¢.05.

Discussion
The results of Experiment I do not support the major prediction
drawn from the VCG-Recoding model that one syllable words should result
in higher levels of identification than two syllable words for both
high and low frequency stimuli. This conclusion may be reached by
considering the results of either the whole-word analysis or the letter-
analysis although the two analyses produce somewhat different results.
The whole-word analysis indicated that one syllable words do
result in superior word identification as compared to two syllable words
for high frequency items across all <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>