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3 Dominic W. Massaro 

A Stage Model of Reading and 
Listening 

Language processing is the 
abstraction of meaning from a 

physical signal such as a printed 

text or sequence of speech sounds. 
The goal of an information-proces­

sing model is to describe how 
language is processed, not simply 
what the reader or listener must 

know to understand language. 
Language processing is viewed as 

a sequence of internal processing 
stages or operations that occur 

between the language stimulus and 

meaning. The operations of a par­
ticular stage take time and trans­

form the information in some way, 
making the transformed informa­

tion available to the following 

stage of processing. In the present 

model the storage component de­
scribes the nature of the informa­

tion at a particular stage of pro­
cessing whereas the functional 
component describes the opera­

tions of a stage of processing. The 
information-processing model is 

used heuristically to incorporate 

data and theory from a variety of 
studies of language processing. 

I. Introduction 

Does it matter that I wrote 
this contribution rather than spoke 
it? Or does it make a difference that 
you are reading rather than listen­
ing? Or are you in fact, not only 
reading the article but simultane­
ously hearing it being spoken by 
the little homunculus in your head? 
Regardless of the modality of the 
input, this special journal issue 
does not offer convenient solutions 
to these and other important prob­
lems in communication. We will, 
however, present some recent re­
search and theory on the psycho­
logical processes involved in listen­
ing to speech and reading printed 
text. Our goal is to stimulate your 
interest and involvement in our 
study. 

One of the persistent ques­
tions about understanding language 
is whether the modality of input 
(what might be called the true sur­
face structure) makes a difference. 
The first answer that comes to mind 
is why should it. The purpose of all 
language is to communicate and 
understand a message (or for some 
to camouflage a message). Lan­
guage production and understand­
ing processes must solve the same 
problems in both visible and audible 
language. Although reading and 
listening may have developed in­
dependently, the processes involved 
may still be analogous in the same 
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way that analogous biological pro­
cesses have developed in conver­
gent evolution. It is commonly 
accepted that two organisms may 
develop similar solutions to the 
problem of survival even though 
they evoled independently of one 
another. As an example, the eye of 
the octopus (a cephalopod) and the 
eye of man (a mammal) function 
very similarly although they evolved 
completely independently of one 
another (Blakemore, 1977). Fol­
lowing this logic, the assumption 
that reading and listening can be 
viewed as similar processes does 
not necessitate an assumption of a 
common phylogenetic or ontogene­
tic evolution. Given that reading and 
listening solve the same problem, it 
is not unreasonable to assume that 
they are analogous rather than hier­
archical solutions to the problem. 
Wrolstad (1976) presents a similar 
argument and supporting evidence. 

Recent research on the pro ­
cessing of manual-visual languages 
such as American Sign Language 
(ASL) indicates that analogous 
solutions to language understanding 
extend beyond reading and listen­
ing. On every dimension that has 
been explored, remarkable parallels 
have been found between under­
standing signs and understanding 
speech. Lane, Boyes- Braem, and 
Bellugi (1976) found that percep­
tual confusions among signs can be 
described utilizing a distinctive fea­
ture system, analogous to systems 
developed for perceptual confusions 
in speech. There is also evidence 
that grammatical structure in sign 
language plays the same functional 
role that it does in spoken language 
(Tweney, Heiman, and Hoemann, 

1977). These results support the 
claim that the processes of language 
understanding are relatively general 
and abstract-not tried uniquely to 
the input modality. The work on 
ASL encourages the belief that there 
are similar and analogous processes 
in all forms of language under­
standing. 

Although it might seem 
reasonable to assume that under­
standing spoken and written lan­
guage exploits similar or analogous 
comprehension processes and struc­
tures, the early stages of decoding 
the input should reveal some basic 
differences. This follows from the 
fact that modality-specific processes 
are necessary to transform the sound 
vibrations of speech and the light 
waves of print. Several other ob ­
vious differences come to mind. 
Spoken language comes in one ear 
and goes out the other, whereas the 
print remains available at the beck 
and call of a regressive eye move­
ment or a flip of the page. It is true 
that some compulsive listener might 
record the message and capitalize 
on the rewind and play option for 
particularly difficult sections of a 
spoken message. In the information 
processing model presented here, 
however, we will draw similarities 
between even the earliest modality­
spec ific stages of language proces­
sing. Returning to our argument of 
convergent evolution , it is not un­
reasonable that the same or ana lo­
gous processes are exploited for 
decoding spoken and written 
language. 
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II. Information-Processing 
Model 

Reading and listening can 
be defined as the abstraction of 
meaning from printed text and from 
speech, respectively. To derive or 
arrive at meaning from a spoken or 
written message requires a series of 
transformations of the energy signal 
arriving at the appropriate receptors. 
Language processing can be studied 
as a sequence of processing stages 
or operations that occur between 
the energy stimulus and meaning. In 
this framework, language processing 
can be understood only to the 
extent that each of these processing 
stages is described. In a previous 
effort an information-processing 
model was utilized for a theoretical 
analysis of speech perception, read­
ing, and psycholinguistics (Massaro, 
1975b). The model was used heur­
istically to incorporate data and 
theory from a variety of approaches 
to the study of language processing. 
The model should be conceptualized 
as an organizational structure for 
the state of the art in language pro­
cessing. In this paper I will present 
a general overview of the informa­
tion-processing model, and use the 
model to describe and incorporate 
some recent research . 

Figure 1 presents a flow 
diagram of the temporal course of 
reading and listening. At each stage 
the system contains storage and 
functional components. The storage 
component represents the informa­
tion available at a particular stage 
of processing. The functional com­
ponent specifies the procedures and 
processes that operate on the in­
formation held in the corresponding 

storage component. The model 
distinguishes four functional com­
ponents: feature detection, primary 
recognition, secondary recognition, 
and rehearsal-recoding. The cor­
responding storage component 
represents the information available 
to each of these stages of processing. 

Ill. Feature Detection and 
Primary Recognition 

The feature detection pro­
cess transforms the energy pattern 
created by the language stimulus 
and transduced by the appropriate 
receptor system into a set of features 
held in preperceptual storage. 
Primary recognition evaluates and 
integrates these features into a per­
cept which is held in synthesized 
memory. In speech, for example, the 
changes in sound pressure set the 
eardrums in motion and these me­
chanical vibrations are transduced 
into a set of neural impulses. It is 
assumed that the signal in the form 
of continuous changes in vibration 
pattern is transformed into a set of 
relatively discrete features. Features 
do not have to be relatively primi­
tive such as the amount of energy 
in a particular frequency band, but 
they may include information about 
the direction and rate of frequency 
change. It would be possible, for 
example, to have a feature detector 
that responds to the rising first for­
mant transition that is characteristic 
of the class of voiced stop 
consonants. 
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Massaro 

7 Stage Model of Reading and Listen ing 

A. Audible features 

One traditional concern in 
speech research has been to deter­
mine the acoustic features that are 
utilized in perception. In terms of 
our model the feature detection 
process places features in a brief 
temporary storage called preper­
ceptual auditory storage (PAS), 
which holds information from the 
feature detection process for about 
250 msec. The primary recognition 
process integrates these features 
into a synthesized percept which is 
placed in synthesized auditory 
memory. One critical question is 
what features are utilized and a 
second important question is how 
are all of the features integrated 
together. Does the listener only pro­
cess the least ambiguous feature 
and ignore all others, or are the fea­
tures given equal weight, and so 
on? Despite the overwhelming 

· amount of research on acoustic 
features, very little is known about 
how the listener puts together the 
multitude of acoustic features in the 
signal in order to arrive at a synthe­
sized percept. 

The integration of acoustic 
features has not been extensively 
studied for two apparent reasons. 
The first is that research in this area 
was highly influenced by linguistic 
descriptions of speech sounds in 
terms of binary all-or-none distinc­
tive features (Jakobson, Fant, & 
Halle, 1961 ). One of the goals of 
distinctive feature theory was to 
describe all of the functional dif ­
ferences among speech sounds by a 
minimal number of distinctive fea­
tures of the language. Therefore, 
distinctive features were designed 

to be general: if a distinctive-feature 
difference distinguished two pho­
nemes in the language, that same 
distinction would also distinguish 
several other phoneme pairs. Given 
the distinctive feature of voicing, 
for example, the distinction of 
voiced versus voiceless can account 
for the differences between /z/ and 
Is/, /v/ and /f/, /b/ and /p/, and so 
on. The integration of information 
from two or more binary dimensions 
is a trivial problem. lntegra.ting 
binary features from voicing and 
place of articulation, for example, 
could be carried out by simple logi­
cal conjunction. If the consonant 
/b/ were represented as voiced and 
labial and /p/ were represented as 
voiceless and labial, the identifica­
tion of voiced labial sound would be 
/b/ whereas the identification of a 
voiceless labial sound would be /p/. 

A second reason for the 
neglect of the integration problem 
is methodological. The primary 
method of study involved experi­
ments in which the speech sound 
was varied along a single relevant 
dimension. In a typical study of 
voicing all voicing cues were made 
neutral except one, such as voice 
onset time and then this dimension 
was varied through the relevant 
values. Similarly, place of articula­
tion was studied by neutralizing all 
cues but one, and then varying the 
remaining dimension through the 
appropriate values. Very few experi­
ments independently varied both 
voicing cues and place cues within 
a particular experiment so that little 
information was available about 
how these cues were integrated into 
a synthesized percept. 
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More recently, we have 
initiated a series of experiments that 
are aimed more directly at the study 
of the integration of acoustic fea­
tures in speech perception (Mas­
saro & Cohen, 1976; Oden & 
Massaro, 1977). In contrast to the 
traditional linguistic description, we 
assume that the acoustic features 
held in preperceptual auditory stor­
age (PAS) are continuous, so that 
a feature indicates the degree to 
which the quality is present in the 
speech sound. Rather than assum­
ing that a feature is present or ab­
sent in PAS, it is necessary to 
describe a feature as a function of 
its degree of presence in PAS. This 
assumption is similar to Chomsky 
and Halle's (1968) distinction be­
tween the classificatory and pho­
netic function of distinctive features. 
The features are assumed to be 
binary in their classificatory func­
tion, but not in their phonetic or 
descriptive function. In the latter, 
features are multivalued representa­
tions that describe aspects of the 
speech sounds in the perceptual 
represent?tion . Sim ilarly, Ladefoged 
(1975) has also distinguished be ­
tween the phonetic and phonemic 
level of feature description. A fea­
ture describing the phonetic quality 
of a sound has a value along a con­
tinuous scale whereas a feature 
classifying the phonemic composi­
t ion is given a discrete value. In our 
framevyork the continuous features 
in PAS are transformed into discrete 
percepts in synthesized auditory 
memory (SAM) by the primary 
recognition process. 

Given this theoretical de­
script ion , acoustic features in PAS 
must be expressed as cont inuous 

values. That is to say, the listener 
will be able to hear the degree of 
presence or absence of a particular 
feature, even though his judgment 
in a forced choice task will be dis­
crete. Oden and Massaro (1977) 
have used this description to de­
scribe acoustic features as fuzzy; 
that is to say, varying continuously 
from one speech sound to another. 
In this representation features are 
represented as fuzzy predicates 
which may be more or less true 
rather than only absolutely true or 
false (Zadeh, 1971). In terms of the 
model, fuzzy predicates represent 
the feature detection and evaluation 
process; each predicate is applied 
to the speech sound and specifies 
the degree to which it is true that 
the sound has a relevant acoustic 
feature. For example, rather than 
assuming that a sound is voiced or 
voiceless, the voicing feature of a 
sound is expressed as a fuzzy 
predicate. 

p (voiced ( sij)) = .65 (1) 

The predicate given by Equation 
1 represents the fact that it is .65 
true that speech sound S .. is per-

IJ 
ceived to be voiced. In terms of 
our model , then, the feature detec­
tion process makes available a set 
of fuzzy predicates at the level of 
PAS. In addit ion to being concerned 
with the acoustic features in preper­
ceptual storage this analysis of the 
feature evaluation process makes 
apparent that an important question 
in speech perception research is 
how the various continuous fea­
tu res are integrated into a syn­
thesized percept. 
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As an example of the study 
of acoustic features, consider the 
dimension of voicing of speech 
sounds. In English the stops, frica­
tives, and affricates can be grouped 
into cognate pairs that have the 
same place and manner of articula­
tion but contrast in voicing. The 
question of interest is what acoustic 
features are responsible for this 
distinction and how the various 
features are integrated together in 
order to provide the perceptual dis­
tinction. The integration question 
has not been extensively studied, 
however, since the common pro­
cedure in these experiments is to 
study just a single acoustic feature 
at a time. Consider two possible 
cues to the voicing distinction in 
stop consonant syllables: voice 
onset time (VOT), the time between 
the onset of the syllable and the 
onset of vocal cord vibration, and 
the fundamental frequency (F 

0
) of 

vocal cord vibration at its onset. 
Each of these cues has been shown 
to be functional in psychophysical 
experiments when all other cues 
have been held constant at neutral 
values. However, it is difficult to 
generalize these resu Its to the per­
ception of real speech, since no 
information is provided about the 
weight that these features will carry 
when other features are also present 
in the signal. To overcome this 
problem it is necessary to inde­
pendently vary two or more acoustic 
features in the signal. The results of 
this type of experiment not only 
provide information about the cue 
value of one feature when other 
features are present in the signal, 
but also allow the investigator to 
evaluate how the various acoustic 

features are combined into an in ­
tegrated percept. (For a further 
discussion see Massaro & Cohen, 
1976, 1977; Oden & Massaro, 
1977). 

B. Audible features in fluent 
speech 

The success of finding 
acoustic features in perception of 
isolated speech sounds might lead 
one to expect that perception of 
fluent speech is a straightforward 
process. Sound segments could be 
recognized on the basis of their 
features and the successive seg­
ments could be combined into 
higher-order units of words, phrases, 
and sentences. However, the acous­
tic structure of words in fluent 
speech differ significantly from the 
same words spoken in isolation. 
Two sources contribute to the large 
variation of words in fluent speech: 
coarticulation and psychological 
parsimony (Cole, & Jakimik, 1977; 
Ross, 1975). 

In fluent speech the speech 
articulators must assume an ordered 
series of postures corresponding to 
the intended sounds, and the 
articulators cannot always reach 
their intended targets because of the 
influence of adjacent movements. 
Coarticulation refers to altering the 
articulation of one sound because 
of neighboring sounds. The words 
did and you spoken as /did/ and 
/ju/ in isolation will be articulated 
as /did J u/ in combination because 
of palatalization . The alveolar stop 
followed by a front glide when 
combined produce the front-palatal 
affricate /d] /,even though a word 
bounc<'lry intervenes. Psychological 
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show that his grouping of letters in 
terms of their legibility could predict 
performance on multi-letter items 
that are not words. If the uniqueness 
of words is responsible for Cosky's 
negative finding, then positive 
results should occur in nonword 
strings. Until this is demonstrated, 
Cosky's results can only be taken as 
a failure to find proof for the letter­
mediation model; it cannot be taken 
as disproof. 

In a well-known experiment 
carried out by Reicher (1969), 
subjects presented with either a 
single letter, a four-letter word, or a 
four-letter nonword flashed in a 
tachistoscope had to report what 
they saw. Reicher's contribution to 
this century-old task was to con­
strain the subject's choice by pre­
senting two letter alternatives after 
each trial. Both alternatives would 
complete the display spelling words 
in the word condition so that per­
formance on the word trials would 
not benefit from a simple guessing 
strategy. Even with these constraints, 
Reicher found a 1 0% advantage for 
recognition of a letter in a word 
over recognition of a letter in a 
nonword or a letter presented alone. 
These results have been described 
both in terms of whole-word and 
single-letter perceptual units. In 
terms of a perceptual unit the size 
of a word, it has supraletter features 
such as overall word shape which 
facilitate direct contact with the 
appropriate memory representation. 
Words are recognized better than 
letters or nonwords because the 
unique visual features of a word 
allow for easier recognition than the 
features of a single letter or a 
nonword. 

The advantage of words 
over single letters and nonwords is 
not incompatible with the idea that 
the letter is a basic perceptual unit, 
however (Massaro, 1975b). In the 
present model the primary recogni­
tion process operates on a number 
of letters in parallel. The visual fea­
tures read out at each letter position 
define a candidate set of possible 
letters for that position. The recog­
nition process is not limited to 
featural information, but can also 
utilize knowledge about the ortho­
graphic structure of English spelling. 
The letter that is synthesized at each 
position, therefore, will not only 
correspond to the visual information 
that is available from feature detec­
tion and evaluation, but will also 
correspond to the orthographic 
constraints in the language. For 
example, consider the case in which 
the subject is given the lowercase 
string coig and has resolved just the 
circular envelope of the first letter 
and all of the last three letters. 
Given that c, e, and o are the only 
letters that are consistent with the 
circular envelope, these are the only 
possible letters at this position. If 
the reader further assumes that the 
string must conform to English 
orthography, only c is possible since 
the strings ooig and eiog are illegal 
English spellings. In this case the 
reader can synthesize coig since it 
is the only valid alternative. When 
the single letter c is presented, on 
the other hand, the perception of 
the envelope does not allow an 
unambiguous choice among c, e, 
and o. Accordingly, the reader is 
less likely to synthesize the correct 
alternative and will be correct only 
one out of three times. Although a 
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word is recognized via its com­
ponent letters, familiarity with the 
orthographic structure of words 
facilitates primary recognition of its 
letters relative to a single-letter or 
nonword. 

IV. Secondary Recognition 

Secondary recognition trans­
forms synthesized percepts into 
meaningful forms in generated 
abstract memory. In speech percep­
tion it is assumed that the input is 
analyzed syllable by syllable for 
meaning. In reading letter sequences 
are closed off in word units. In both 
cases the secondary recognition 
process makes the transformation 
from percept to meaning by finding 
the best match between the per­
ceptual information and the lexicon 
in long-term memory. Each word in 
the lexicon contains perceptual and 
conceptual codes. The concept 
recognized is a function of at least 
two independent sources of infor­
mation: the perceptual information 
in synthesized memory and the 
semantic/syntactic context in the 
message. 

A. Perceptual and contextual 
contributions to listening 

Our conceptualization of 
speech processing is one that is 
perceptually, and, therefore, acous­
tically driven. We assume that the 
secondary recognition process oper ­
ates syllable by syllable on the 
output of primary recognition. 
However, contextual constraints 
also exert a strong influence at this 

stage of processing, so that both 
contributions must be accounted for 
in describing how meaning is im­
posed on the spoken message. A 
series of recent studies has shown 
that abstracting meaning is a joint 
function of the perceptual and con­
textual information. In one experi­
ment Cole (1973) asked subjects to 
push a button every time they heard 
a mispronunciation in a spoken 
rendering of Lewis Carroll's Through 
the Looking Glass. A mispronuncia­
tion involved changing a phoneme 
by 1, 2, or 4 distinctive features (for 
example, confusion mispronounced 
as gunfusion, bunfusion, and sun­
fusion, respectively). The probability 
of recognizing a one-feature mis­
pronunciation was .3 whereas a 
four-feature change was recognized 
with probability .75. This result 
makes apparent the contribution of 
the perceptual information passed 
on by the primary recognition pro­
cess. In our view some of the mis­
pronunciations went unnoticed 
because the contribution of con­
textual information worked against 
the recognition of a mispronuncia­
tion . The syntactic/semantic context 
of the story would support a correct 
rendering of the mispronounced 
word, outweighing the perceptual 
information. In support of this idea 
all mispronunciations were correctly 
recognized when the syllables were 
isolated and removed from the 
passage. 

Cole and Jakimik (1977) 
reasoned that the I istener should be 
faster at detecting a mispronuncia­
tion to the extent that a word is 
predicted by its preceding context. 
This follows from the idea that the 
quickest way to detect a mispro-
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Fig. 2 Predicted and observed percentage 
of fluent restorations as a function of the 
amount of feature change, the syl lable. and 

the contextua l constraint of the mispronuncia­
tion (observed data from Marslen -Wi lson and 
Welsh. in press). 
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the outcomes of these analyses 
were combined with the higher­
order constraints. The fact that 
higher-order constraints in the pas­
sage influence shadowing does not 
mean that some analyses do not 
begin before others. More impor­
tantly, their view might be inter­
preted to mean that higher-order 
analyses modify the output of lower­
level analyses. However, a quantita­
tive model that assumes that both 
levels of analyses are functionally 
independent can accurately de­
scribe the resu Its of their ex peri­
ments. Figure 2 also presents the 
predictions of a quantitative formu­
lation of the independence model 
(see Massaro, 1977, for the exact 
form of the modef). The model 
assumes that the information passed 
on by the feature detection and 
evaluation process is equivalent 
regardless of the higher order con­
straints in the message. Therefore, 
it is not necessary to assume that 
higher-order constraints allow the 
subject to selectively attend to or 
selectively process certain acoustic 
properties of the speech input. In 
this model higher-order constraints 
do not modify the nature of low­
level perceptual analyses performed 
on the input data. 

B. Phonological mediation in 
reading 

A persistent question in 
reading-related research is the 
extent to which the reader trans­
lates print into some kind of speech 
code before meaning is accessed. 
A similar but not identical question 
is the extent to which the speech 

code is necessary for the derivation 
of meaning. Figure 3 presents two 
extreme answers to the phonological 
mediation question . In the first 
model letters are identified and 
mapped into a speech code using 
spelling-to-sound rules, and mean­
ing is determined on the basis of 
the derived speech code. In the 
second model meaning is deter­
mined from the letter resolution, and 
a speech code is not made available 
until after meaning has been 
accessed. 

Gough and Cosky (1976) 
believe that they have accumulated 
some new data in support of the 
phonological-mediation view of 
Gough (1972). Subjects were asked 
to read aloud as rapidly as possible 
words that violated or obeyed spel­
ling-to-sound rules. If phonological 
mediation occurs, regular words 
which conform to spelling-to­
sound rules should be converted to 
a speech code faster than exception 
words which violate the rules. 
Accordingly, the time to compre ­
hend the word and name it aloud 
should take longer for the words 
that violate spelling-to-sound rules. 
In support of their hypothesis, the 
pronunciation times for exception 
words averaged 27 msec longer 
than the pronunciation times for 
regular words. However, there is no 
assurance that differences in pro­
nunciation time result from differ­
ences in word recognition time. 
The differences in reaction time 
could also have resulted from dif­
ferences in the time for response 
selection and programming after the 
word had already been identified 
(see Massaro, 1975b, p. 262). 
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but not pseudowords. Frederiksen 
may have found much larger dif­
ferences than Theios because 
blocking the words in a session 
would encourage the subjects to 
pronounce the words via lexical 
access. Randomizing words and 
pseudowords in the Theios and 
Muise study might have encouraged 
pronouncing some of the words by 
way of spelling-to-sound rules 
rather than by way of lexical access. 
In agreement with this interpreta ­
tion, Frederiksen and Kroll (1976) 
found a larger effect of word fre­
quency on naming RTs when only 
words were presented in a block of 
trials relative to a random mixture of 
word and pseudoword trials. 

Green and Shallice (1976) 
asked subjects to judge whether 
two words rhymed or whether they 
belonged to the same broad seman­
tic category. Mispelling the words 
as homophones produced a much 
larger decrement in the semantic 
than the rhyming task. If lexical 
access occurs via phonological 
coding, there is no reason that the 
semantic task should have been 
slowed more by misspelling than 
the rhyming task was. The fact that 
the rhyming task was performed 
about twice as fast as the semantic 
task shows that lexical access was 
not necessary in the former task 
although it was in the latter. Spel­
ling-to-sound rules would have 
been sufficient to perform the rhym­
ing task, and misspelling should 
have very little effect on this pro­
cess. In support of this, misspelling 
the words increased reaction times 
by only 11 percent. Lexical access 
should be drastically influenced by 
misspelling however, if it occurs via 

a visual code. Reaction times were 
slowed by 58 percent in the seman­
tic task, arguing against the idea of 
phonological or speech recoding in 
lexical access and derivation of 
meaning . The results support other 
negative findings on the necessity 
of phonemic encoding in processing 
written language for meaning (see 
Massaro, 1975a). 

V. Rehearsal and Recoding 

In the present model, the 
same abstract structure stores the 
meaning of both listening and 
reading. Generated abstract memory 
(GAM) in our memory corresponds 
to the working memory of contem­
porary information processing 
theory. Rehearsal and recoding pro­
cesses operate at this stage to 
maintain and build semantic/syn­
tactic structures. There is good 
evidence that this memory has a 
limited capacity, holding about 
5± 2 chunks of information. For a 
more detailed discussion of proces­
sing at this stage, see Massaro 
(1975a, Chapter 27). 

Although GAM is assumed 
to be abstract relative to SAM and 
SVM, the nature of the information 
appears to be tied to the surface 
structure of the language rather than 
in terms of underlying meaning that 
is language independent. Some 
relevant research comes from work 
experiments carried out with bi­
lingual subjects (Dornic, 1975, 
provides an excellent review). 
Recall from immediate memory 
(supposedly tapping GAM) does 
not differ for unilingual and bilingual 
lists, whereas recall of items as-
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sumed to be no longer in GAM is 
poorer in bilingual than unilingual 
lists (Tulving & Colotla, 1970). 
Similarly, Kintsch and Kintsch 
(1969) showed that the semantic 
relationship between the words in 
different languages did not influence 
immediate memory, but did affect 
recall of items no longer active in 
GAM. Saegert, Hamayan, and 
Ahmar (1975) showed that multi­
lingual subjects remembered the 
specific language of words in a 
mixed language list of unrelated 
words, but this information was 
forgotten when the words were 
presented in sentence contexts. 
Dornic (1975) points out that sur­
face structure and item information 
are integrally related in immediate 
memory; subjects seldom report 
translations for the words. If the 
items are remembered, so are the 
appropriate surface structure forms. 

In our model, GAM has a 
"limited capacity" and the learning 
and memory for information is a 
direct function of rehearsal and 
recoding processes. Memory of an 
item will increase with the time 
spent operating on that item, and 
will decrease with the time spent 
operating on other "unrelated" 
items. This "limited capacity" rule 
has provided a reasonable descrip­
tion of the acquisition and forgetting 
of information in GAM (cf. Massaro, 
1975a, Chapter 27) . A critical ques­
tion for the recoding operation 
centers around the size of the units 
that are recoded. It seems unlikely 
that recoding occurs word by word 
given that many words are am­
biguous until later context dis­
ambiguates their meaning. 

VI. Conclusion 

It seems valuable to attack 
reading and listening with similar 
methodological and theoretical 
forces in the framework of an in­
formation-processing model. Our 
concern is with how the reader and 
listener perform, and with the dy­
namics of this performance. Al­
though the surface structure of 
written text and speech present 
questions unique to each skill, the 
apparent similarities in deep struc­
ture offer the hope of a single frame­
work for understanding both reading 
and listening. 

VII. Preview of Contributions on 
Reading and Listening 

One reason that speech has 
been considered primary and read­
ing and writing secondary is the 
supposedly uniqueness of certain 
speech perception phenomena. At 
the top of the I ist has been the 
categorical perception of speech 
sounds. Categorical perception 
refers to a basic perceptual limita­
tion in the perception of speech 
sounds. Certain sounds cannot be 
discriminated from one another 
unless they are, in fact, categorized 
differently. For example, the two 
sounds /ba/ and /pa/ can be 
synthesized electronically so that 
they differ only along a single 
dimension called voice onset time 
(VOT, the time between the onset of 
the stop release and the onset of 
vocal cord vibration in real speech). 
If two of the sounds differ by a 
VOT of 10 msec, they will not be 
discriminated from each other if 
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Phonemes and Alphanumeric 
Characters: Possible Compon­
ents of Parallel Human 
Communication Systems 

Alphanumeric characters 

and phonemes can be viewed as 
information codes used by human 

communication systems. If such 

communication systems were de­
signed to be effective, then we 

should expect to find certain char­

acteristics which should be mani­
fested in the nature of the physical 
representations of the information 

codes and in the perception of these 

codes. These characteristics are 

discussed in terms of their im­
portance to communication sys­
tems in general and their manifes­

tations in human audible and 

visible language. When viewed from 

the perspective of such communi­

cation systems, we should expect 
to find many parallels in the per­
ception of alphanumeric characters 

and phonemes. This paper examines 

some of these parallels, drawing 
upon our knowledge of human 

perception. 

The purpose of this paper is 
to examine the perception of com­
ponents of written and spoken 
codes of human communication 
from a broad perspective in an 
attempt to identify possible similari­
ties. We will focus on the percep­
tion of phonemes and alphanumeric 
stimuli as equivalent levels of com­
ponents or codes of an effective 
communication system, and inten­
tionally will side-step the important, 
often discussed but poorly-answered 
question whether these components 
represent the basic units of language. 

A. An Overview 

Human language normally 
involves two distinct sets of physical 
representations of its information 
code. One of these physical codes 
involves patterns of sounds varying 
in time, frequency, intensity, and 
complexity. The sound patterns are 
produced by the articulatory system 
and are perceived by the auditory 
system. The other code involves 
spatial patterns of lines, is written, 
and is perceived in a temporal and 
spatial manner through the visual 
system. One level of units for the 
spoken language is the phoneme, 
whereas it is the letter for the writ­
ten language (at least for Western 
cultures). 

There are many well­
documented differences between 
the auditory and visual systems: 
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differences between the physical 
nature of auditory and visual stimuli, 
differences in the nature of the 
sensory transducers for the stimuli 
(Geldard, 1972), and differences in 
the nature of auditory and visual 
perception. There also are similari­
ties, especially similarities between 
elements of auditory and visual 
perception (Julesz & Hirsh, 1972). 
Thus we must expect to find dif­
ferences, as well as some similarities 
between the components of the 
language codes. However, for the 
perspective of this paper it is more 
important that there also exist many 
parallels between the components 
of the written and spoken languages 
as codes for an effective communi­
cation system. Independent of 
stimulus modality, such a communi­
cation system is faced with problems 
associated with pattern recognition. 
This paper examines some of these 
parallels in the organization and 
perception of spoken and written 
language in the context of such 
communication systems. We will 
begin by examining the desirable 
characteristics of effective com­
munication systems. After summar­
izing relevant aspects of phoneme 
perception, we will examine similari­
ties between phoneme perception 
and the perception of alphanumeric 
stimuli, as well as the perception of 
other meaningful stimuli. 

B. An Effective Communication 
System 

Let us examine phonemes 
and alphanumeric stimuli as codes 
used by a minimum error (therefore 
effective) human communication 

system. All communication systems 
must include a set of transmission 
processes, a set of reception pro­
cesses, and a set of physically 
defined stimuli which represent the 
code which exists between trans­
mission and reception. The informa­
tion code must be represented by 
the overlapping subsets of the 
potential outputs of the transmitter 
and all of the stimuli which can be 
perceived by the receiver. 

A minimum error system is 
most viable when there exists 
several attributes of the communica­
tion code. First, there should be 
major differences in the manner in 
which the various components of 
the language code are produced. In 
addition, the characteristics of the 
stimuli which result from these 
major differences in production also 
must be perceptually distinct. In this 
way there will tend to be a high 
degree of correspondence between 
the act of producing a given lan­
guage component and the language 
component actually perceived. 
Secondly, although language com­
ponents may be distinguished from 
one another by their manner of 
production, the way in which any 
specific component is produced 
must be flexible. By encompassing 

a broad (rather than a highly 
restrictive) range of production 
modes, structural variability of dif­
ferent transmitters may be tolerated. 
In a human system, where learning 
and practice are essential for the 
proper execution of the production 
sequences by the transmitter 
(especially by the young and in­
experienced), such flexibility is 
crucial. Thus, we should expect to 
see some variability within, but 
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basic differences between, language 
components (e.g., between different 
phonemes or different letters). It 
also is highly desirable for differ­
ences in the code to be designed 
around stimulus attributes which 
are highly discriminable by the 
receiver. Then members of different 
code classes will be more dis­
criminable than members of the 
same code class. The phenomenon 
called categorical perception defines 
precisely this relationship (see 
below). Given these general attri­
butes of a minimum error system, 
we would expect a high correlation 
between production and reception 
of the transmission code. 

The conception of an effec­
tive communication system is not 
inconsistent with the notion that a 
portion of the communication 
system is composed of (or is under 
the control of) specialized processes 
unique to language. Our conception 
simply is that the communication 
code involves only a subset of all 
production and reception processes 
and the stimuli relevant for each. It 
implies that the transmission pro­
cesses could be capable of pro­
ducing stimuli other than those 
associated with the communication 
code and that the reception system 
could be capable of perceiving 
stimuli other than those produced 
by the transmission processes. 

Another desirable attribute 
of the perceptual aspects of an 
effective communication system is 
the use of what G. A. Miller calls 
"chunking" (Miller, 1956). The 
stimuli which comprise the informa ­
tion code should not be processed 
and remembered in terms of the 
individual multitude of stimulus 

components which, together, are 
the physical representation of the 
code. The amount of information 
which would have to be processed 
per unit time under such a com­
munication structure would be 
enormous. This point has been made 
by many early Gestalt theorists for 
visual perception (e.g., Wertheimer, 
1923) and, more recently, by 
phonetic theorists (e.g., Liberman, 
Cooper, Shankweiler, & Studdert­
Kennedy, 1967). Rather, the stimu­
lus information should be processed 
in terms of organized figurally 
meaningful groupings (e.g., chunked 
in terms of phonetic or alphanumeric 
units). This implies that stimuli 
should be analyzed in terms of 
molar units, and that the molecular 
structure of the stimuli should tend 
to be ignored (unless attention is 
specifically focused on such 
aspects). 

This description of an effec­
tive communication system appears 
to be consistent with the results of 
research investigating the produc­
tion and perception of phonemes. 
It also is consistent with the pro­
duction and perception of alpha­
numeric stimuli, with the phonetic 
and alphanumeric language systems 
paralleling each other (and poten­
tially interacting) in terms of the 
basic attributes defined above for 
such communication systems. 

C. Phoneme Perception 

The characteristics of English 
phonemes important to the defini­
tion of the language code are well 
documented (e.g., Fant, 1968; 
Stevens, 1971; Denes and Pinson, 
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1973) and bear on this discussion 
only to the extent that they are 
relevant to the effective communica­
tion of information. More important 
to our comparison of audible and 
visible languages is the manner in 
which the perceptual processing 
of phonetic information occurs. 

A simplified version of one 
general model commonly assumed 
to describe the relationship between 
the acoustic and the uniquely 
phonetic processing of the auditory 
code is diagrammed in Figure 1. 
The model, as diagrammed, is es­
sentially the hybrid serial-to-parallel 
model described by Wood (1975). 
The initial acoustic waveform is an 
energy distribution which varies as a 
function (f) of both frequency (w) 
and time (t), and thus is described 
as f(wt). According to the model, 
f(wt) first undergoes a preliminary 
psychoacoustic level of processing . 

In Figure 1 these prelimi­
nary processes have a transfer 
function described by c(wt), which 
represents every aspect of auditory 
stimulus processing common to all 
acoustic stimuli (whether or not 
phonetic). The resulting waveform 
is mathematically described in terms 
of the convolution of f(wt) and 
c(wt). This preliminary level of 
acoustic processing is assumed to 
involve primarily the simple trans­
duction of the physical waveform 
of the stimulus into its neural code, 
and thus often is tacitly assumed to 
be relatively unimportant in deter­
mining the nature of auditory per­
ception. Obviously, this is a simpli­
fication of the nature of preliminary 
acoustic processes which, at a 
minimum, are known to contain 
nonlinear components and to smear 

information in time and frequency. 
The neural representation which 
resu Its from the action of these 
common psychoacoustic processes 
on the physical waveform is as­
sumed to be fed into a simple 
decision mechanism (represented in 
terms of broken lines in Figure 1) 
which directs the waveform to 
either (but not both) of the two 
"higher-level" sets of processes 
(e.g., Studdert- Kennedy, Liberman, 
Harris, & Cooper, 1970). If the 
waveform is recognized as being 
phonetic in nature, it is fed into a 
set of special speech processes. 

The higher level speech 
processes are assumed to interpret 
and classify the stimuli into phonetic 
categories, ignoring (and somehow 
permanently losing) information 
about the acoustic detail of the 
basic components of such stimuli. 
If the waveforms are not identified 
as being phonetic, they are passed 
through the psychoacoustic pro­
cesses, then fed to decision pro­
cesses which determine the 
appropriate responses for the given 
situation. There is a large body of 
literature which seems to generally 
support this hybrid serial-to-parallel 
model for acoustic and phonetic 
processing (e.g., Liberman & 
Studdert- Kennedy, 1977; Liberman 
& Pisani, 1977). For instance, dif­
ferences in the psychophysical 
functions describing the perception 
of phonetic and selected samples 
of nonphonetic, acoustic stimuli 
provide a major justification for 
some separation in higher-level 
acoustic and phonetic processes. 
An even stronger justification exists 
in the large body of literature which 
demonstrates a hemispheric special-
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ization in the cortical locus of con­
trol for the speech production and 
perception (although understanding 
the significance of these differences 
is dependent upon the demonstra­
tion of actual differences in percep­
tion of phonetic and nonphonetic 
stimuli). These differences would be 
defined in terms of the differences 
in the transfer function s(wt), for all 
uniquely phonetic processes, and 
a(wt), for all remaining processes 
not involved in phonetic perception. 

D. Comparisons of spoken and 
written language 

1. Hybrid Serial-Parallel 
Model for Written Language 

It can be argued that the 
general type of hybrid serial-parallel 
model developed for phoneme per­
ception (see above) is equally 
applicable for the perception of 

visually presented letters. Research 
on stabilized retinal images provides 
one possible source of justification 
(e.g., Heckenmueller, 1965). The 
stabilization of the retinal image 
removes temporal variation in the 
proximal stimulus, thus maintaining 
a specific visual pattern on a given 
retinal location. Under such condi­
tions, portions of the visual image 
tend to disappear differentially and 
selectively over time. For example, 
Pritchard (1961) found that when 
the stimulus was a random array of 
dots or lines, the stimulus com­
ponents tend to be maintained in 
unpredictable but confined sections 
of the retinal field, and tend to lack 
any meaning or coherence (which 
was not present to begin with). 
However, when the stimulus was 
structured, such as the stimulus 
"H3 " subjects reportedly saw 
residual stimuli, based on past 
experience, which were meaningful 
(e.g., H, 8, 3, and 4). Such selec-
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tive maintenance of stimulus 
organization must be a consequence 
of a higher level of organizational 
analysis probably based upon 
previous learning. Otherwise we 
would expect the fading of the 
visual field to be random. While 
these findings may imply that visual 
perception is maintained, or organ­
ized, on the basis of the meaning­
fulness of the stimuli, a more re­
strictive interpretation (which paral­
lels the phonetic model) remains 
tenable. Such a hypothesis asserts 
that after identifying the visual 
stimuli as being alphanumeric, these 
stimuli are analyzed and recoded by 
a set of specialized higher level 
language processes (e.g., see Figure 
1 ). The original "molecular" attri­
butes (and missing portions) of the 
stimuli then will be lost (or ignored), 
with the stimuli being reorganized 
and completed as meaningful alpha­
numeric characters. The restructured 
stimuli then are perceived as com­
plete members of the language 
code. Whatever the nature of the 
actual perceptual processes, this 
research does indicate that the per­
ception of such stimuli (like the 
perception of phonemes) appear to 
be at least partially governed by 
prior knowledge, rather than simply 
being built up from the physical 
stimulus properties. 

A second and probably 
stronger justification for an ana­
logous special alphanumeric pro­
cessor can be found in the principles 
of perceptual organization found in 
many modern (and not so modern) 
alphanumeric displays. With limited 
sets of unconnected dots or lines, 
one can display patterns of stimuli 
wh ich are readily perceived not 

as individual lines or dots, but 
as complete letters or numbers. 
Could such perception of these 
"incomplete" patterns as "closed" 
alphanumeric figures be due to the 
activity of higher level language 
processes, such as described in 
Figure 1 ? In the Gestalt literature 
we can find further justification for 
this notion. If one views an ap­
parent random pattern of stimuli, 
one sees a mosaic of components. 
However, once a pattern approxi­
mating a letter (or number, or face, 
etc.) is perceived, that pattern will 
tend to stand out as a "figure," with 
an identity separate from the back­
ground supplied by the remainder 
of the stimulus array (e.g ., see 
Beardslee & Wertheimer, 1958). 
That figure now will tolerate a good 
deal of distortion, yet will maintain 
its apparent identity and will tend 
toward being perceived as complete 
(i .e., closure). Thus, we have the 
potential justification for hypothe­
sizing the existence of a set of 
higher level alphanumeric processes 
analogous to the higher level 
phonetic processes outlined in 
Figure 1. Furthermore, the appar­
ently similar perceptual organization 
of "other meaningful" visual stimuli 
can be assumed to be processed in 
a different but related manner which 
is analogous to the similarities and 
differences in the perception of 
phonetic and musical stimuli. 
Instead of following the logic, often 
used by phonetic theorists that there 
exist many different specialized 
systems, one could assume that we 
are describing attributes of a general 
perceptual system. 
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2. Perceptual lnvariance 

Claims of the uniqueness of 
the spoken language code has 
tended to limit generalization of 
important aspects of the perception 
of the phonetic code to alpha­
numeric code and to perception in 
general. For instance, the physical 
representation of a single consonant 
(e.g ., /d/) may be a rising change in 
frequency in the context of one 
vowel and a falling change in fre­
quency in the context of a different 
vowel (Liberman, et al., 1967). 
Thus, we appear to have a percep­
tual invariance in the context of 
gross physical differences between 
stimuli. At a recent symposium on 
language by ear and eye, it was 
claimed that, "There is nothing in 
reading corresponding to the lack 
of invariance between the speech 
signal and the underlying phonetic 
segments ... " (Kavanagh & 
Mattingly, 1972, p. 53). However, a 

close examination of letters used in 
the English language reveals clear 
examples of a lack of apparent 
structural invariance in the defini­
tion of certain letters. Furthermore, 
this lack of invariance in the defini­
tion of certain letters is probably 
related to the production mechanism 
in an analogous manner that the 
lack of invariance in phonemes is 
related to their articulation. 

Some examples are sum­
marized in Figure 2. Printed lower 
case examples of the letters "s" and 
"a" are similar in structure and are 
difficult to produce when writing 
script. In developing an efficiently 
produced cursive alphabet, the cur­
sive code for the letter "s" becomes 
more similar to the cursive code for 
the letter "a" than to the printed 
code for the letter "s." Likewise, the 
cursive code for the letter " a" is 
more similar to the cursive codes for 
the letters "d" and "s" than it is to 
the printed code for the letter "a" 
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(see Figure 2). Examining the 
remainder of the cursive and printed 
alphabets, one can find a number of 
other examples in which there is an 
apparent lack of invariance within 
the code for specific letters. How­
ever, through experience we have 
learned to recognize and readily 
perceive different physical codes as 
being equivalent representations of 
the same letter. This finding is not 
surprisir1g, since it is well known 
that given proximal stimulus pat­
terns often can be produced by an 
infinite number of different distal 
stimuli, and a single distal stimulus 
can produce a large number of 
proximal stimuli (Hochberg, 1964). 
One of the basic premises of modern 
perceptual theory is the existence of 
transformations of the stimulus input 
to accomplish perceptual constancy 
in the context of considerable 
physical dissimilarity in the proximal 
stimuli (Gibson, 1966). 

These observations lead us 
to question the uniqueness of an 
apparent perceptual invariance for 
phonetic code and to conjecture 
that the perceptual invariance we 
have described for physically dis­
similar alphanumeric stimuli might 
involve an equivalent type of per­
ceptual reorganization of physical 
stimulus information. This possible 
similarity leads us to look for other 
possible parallels in the structure of 
written and spoken codes for 
language. We believe that there is 
such a parallel in the phenomenon 
known as categorical perception. 

Categorical Perception 

Categorical perception has 
been claimed to be unique to 
phoneme perception (e.g., Liber­
man, Harris, Hoffman, and Griffith, 
1957; Liberman, Harris, Kinney, and 
Lane, 1961) and is believed to 
occur when stimuli along a con­
tinuum are responded to solely on 
the basis of the absolute labeling or 
identification grouping of stimuli 
(Studdert- Kennedy, et al., 1970). 
Once recognized as being phonetic 
in nature, such stimuli are believed 
to be automatically encoded in 
terms of the specific phonemes 
(e.g., Figure 1 ). The encoding pro­
cess is usually assumed either to 
involve a reflection back upon the 
articulatory mechanism (e.g., motor 
theory of speech perception [Liber­
man, et al., 1967]) or by the activa­
tion of special feature detectors 
(e.g., Eimas, 1975). This specialized 
encoding of phonetic stimuli in­
volves a loss of the acoustic char­
acteristics of the stimuli. As a result, 
phonetic stimuli are discriminable 
only to the extent to which they are 
categorized differentially by the 
phonetic encoding processes. 

The following characteristics 
provide an operational definition of 
categorical perception: (a) a sharp 
labeling boundary along a given 
continuum, (b) approximately 
chance performance in discriminating 

stimuli within categories, and (c) a 
peak in discrimination performance 
at the category boundary (Studdert­
Kennedy, et al., 1970). In practice, 
this operational definition has been 
met quite well by phonetic stimuli 
varying along a limited number of 
dimensions, although the discrimi-
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nation peak sometimes is shifted 
relative to the labeling boundary 
(e.g., Liberman, et al., 1957), with 
discrimination performance typically 
exceeding that predicted from the 
labeling data (Cutting and Rosner, 
1976). 

Over the past few years, the 
notion that categorical perception 
is the unique property of phoneme 
perception has lost considerable 
credibility. Miller, Pastore, Wier, 
Kelly, and Dooling, (1974) demon­
strated this phenomenon with non­
phonetic noise-buzz sequences; 
both Cutting and Rosner (1974) 
and Pisani (1977) found it with 
stimuli varying in relative onset 
times; and Pastore, Ahroon, Baffuto, 
Friedman, Pu leo, and Fink (1977) 
found categorical perception when 
adding a sinusoidal reference to a 
sequence of clearly detectable tonal 
stimuli varying only in intensity. 
Pastore et al. (1977) also found 
categorical perception with an inter­
mittent visual stimulus. Related 
effects have been demonstrated for 
phonetic stimuli with very young 
infants (Kuhl, 1976), with chin­
chillas (Kuhl and Miller, 1975), and 
with monkeys (Morse and Snowden, 
1975), and have been demonstrated 
with adult humans for musical 
stimuli (e.g., Burns & Ward, 1974; 
Siegel & Siegel, 1975). These 
findings are not consistent with the 
notion of an absolute causality by a 
set of innate human processes 
unique to speech perception. 

Recently, we have proposed 
that categorical perception can be 
associated with the imposition of 
some reference along a continuum 
of stimuli (Pastore, et al., 1977). 
This reference supplies information 

which is more precise (for the given 
purpose) than that normally avail­
able for use in discriminating stimuli 
along a given continuum. Thus, in 
the region of its imposition along 
the continuum, the reference creates 
a natural dichotomy for identifica­
tion or labeling. We have argued 
that any efficient communication 
code would tend to develop natur­
ally around such perceptual refer­
ences. Specifically, it behooves any 
efficient communication system to 
have much clearer distinction be­
tween identified codes than within 
identified codes. We therefore ran a 
set of experiments in an attempt to 
demonstrate categorical perception 
with specific alphabetic stimuli. 

If one measures the dis­
criminability of a small constant 
increment in the length of a line as 
a function of the initia l line length, 
one would expect to find that dis­
crimination performance obeys 
Weber's Law ( 1/l=k). That is, an 
increment which is just detectable 
for a short initial line length will not 
be detectable when the initia l line 
length is longer. If one now adds a 
constant reference to the longer line 
lengths, an increment which was 
not detectable for a given line 
length in isolation could now be­
come detectable when viewed in 
close proximity to that fixed refer­
ence. Furthermore, the addition of 
the fixed reference can serve as a 
natural boundary between two 
categories (e.g., longer than, or 
shorter than, the reference). Ex­
amples of this situation are dia­
grammed in Figure 3, which are 
representations of the stimuli used 
in our experiments. When the line is 
vertical and the reference is in the 
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form of a backwards letter "C," the 
category "shorter-than -reference" 
is perceived in terms of the common 
letter category "D," while the 
"longer-than-reference category" 
tends to be perceived as the letter 
category "P." Likewise, when the 
line is oblique and the reference is a 
short, straight line at an intersecting 
angle, we have the two letter 
categories "V" and "Y." 

Method 

Subjects. The four observers 
in this experiment were all psycho­
physically trained and had a mini­
mum of one year of experience as 
observers in signal detection tasks 
in the psychoacoustics laboratory. 
The author served as one of the 
observers. The two subjects who 
wore corrective lenses for distance 
vision, wore such lenses during the 
experiment. 

Procedure. We used stand­
ard ABX discrimination and single­
stimulus labeling tasks in these 
experiments. The stimuli were pro­
jected with three (one for the 
labeling task) random-access 
carousel projectors on a large, flat, 
painted white wall, and were viewed 
from a distance of approximately 
twelve feet. In the ABX task, the 
three stimuli were presented simul­
taneously for one second with the 
A (left) and B (right) stimulus posi­
tions at the same vertical distance 
(approximately three feet) from the 
floor, while the X stimulus was 
presented in the horizontal center of 
these two and was displaced slightly 
upward (approximately four inches) 

from the A and B stimuli. The three 
stimuli (A, X, and B) covered a total 
horizontal distance of approximately 
nine feet (approximately 41° of 
visual angle). (The dimensions of 
the components of each stimulus 
may be obtained from Figure 3, 
which is drawn to scale, with the 
reference ( 4 inches) being based 
upon the projected image of the 
stimuli and corresponding to a 
visual angle of approximately 1.6°.) 
The size and spacing of the stimuli 
were chosen to prevent the ob­
servers from making simple, direct 
comparisons across stimuli and to 
force the observers to scan across 
stimuli. In most studies on cate­
gorical perception, the A, B, and X 
stimuli are presented sequentially, 
thus requiring that the observers 
either use memorial images of the 
stimuli, or make within stimulus 
judgments and compare these 
judgments. Thus, while acknow­
ledging that alphanumeric stimuli 
are spatially displaced while pho­
netic stimuli are temporarily dis­
placed, our procedure is analogous 
to that typically employed in cate­
gorical perception studies. In the 
ABX task, each pair of stimuli was 
presented eight times in an order 
which counterbalanced for the 
assignment of the stimuli to the A 
and B positions (for line length: 
A>B or A<B), and the identity of 
the X stimulus (X=A or X=B). In 
both the labeling and the ABX 
discrimination tasks the order of 
presentation of the stimuli (or pairs 
of stimuli) was randomized. 

All stimuli were generated 
from carefully prepared ink line­
drawings. In all cases two original 
sets of stimuli were generated. One 
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set was photographed as the X 
stimuli, while the other set was 
photographed twice and used as 
the A and B sets of stimuli. Since 
any small errors or imperfection in 
the stimuli, would not be common 
to both the X and the comparison 
stimuli, this procedure minimized 
the possibility that the observers 
could use such imperfections in 
performing the discrimination. The 
stimuli are drawn to scale in Figure 
3. Both sets of stimuli were varied 
in terms of the length of the major 
line component (broken line in 
Figure 3). 
With the 0- P set stimuli, the vertical 
line was varied, while with the V- Y 
stimuli, the positive diagonal was 
varied. Finally, the same tasks were 
run with stimuli compared only to 
the vertical line which varied in 
length between 18-3/4 and 23-1 /4 
inches (range of visual angles of 
approximately 7.5° to 9.3°). This 
provided a baseline condition 

against which the effects of im­
posing a fixed reference could be 
evaluated. The projected stimuli 
were adjusted so that in a progres­
sion of increasing line lengths, 
adjacent stimuli (and thus com­
pared stimuli) would differ by 
1/2 inch (or approximately 72' of 
visual angle). 

Results and Discussion 

Figure 4 plots the results of 
the D- P discrimination task, with 
the data pooled across the four 
subjects.1 For this D- P comparison, 
we ran the discrimination task for 
the three sets of stimuli which dif­
fered only in terms of the length of 
the vertical line (8-13 inches, 
14-19 inches, 24-28 inches). All 
four observers independently re­
ported that all of the stimuli with 
the shortest set of line lengths (8 to 
13 inches) always were perceived 
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as "D," while all the stimuli with 
the longest set of line lengths (24 to 
28 inches) always were perceived 
as "P." Thus, the complete labeling 
tasks for the two extreme sets of 
stimuli were not run. In general, 
discrimination between adjacent 
stimuli drawn from within a single 
labeling category is clearly at or 
near chance (50% correct). The 
means (and standard deviations) 
were 65% correct (sd=9) and 53% 
correct ( sd = 1 0) for short and long 
sets of line lengths, respectively. 
The stimuli with vertical line length 
in the range of fourteen to nineteen 
inches straddle the boundary be­
tween the "D" and "P" categories. 
Here we find a sharp labeling 
boundary with an associated peak 
(92% correct) in discrimination per­
formance. Therefore, these data 
meet the criteria for categorical 
perception: a sharp boundary be­
tween labeling categories, a peak in 
the discrimination function approx­
imately at the labeling boundary, 
and close to chance discrimination 
performance within categories. 

The ability of the same sub­
jects to discriminate differences in 
the length of vertical lines presented 
alone (with approximately the same 
range of line lengths as used in the 
V- Y experiment described next) are 
diagrammed in the left frame of 
Figure 5. We could see little value 
in running these subjects with the 
longer and shorter sets of line 
lengths, since our subjects all indi­
cated that for all comparisons they 
could do little more than guess as to 
the correct answer. As can be seen, 
discrimination performance is rela­
tively uniform across the continuum 
and is close to chance (mean of 

64% [sd=8.8]). The boundary be­
tween the categories "short" and 
"long" is not sharp, and there 
definitely is not a major peak in the 
discrimination function at or near 
that boundary. Therefore, it is 
evident that the imposition of the 
"backward-c" served as a reference 
or standard which created a sharp 
category boundary (between D and 
P) and a peak in the discrimination 
function at the category boundary. 
After the completion of the experi­
ment, all of the observers reported 
having recognized and used these 
cues. It can be argued that such a 
reference makes the information 
code more efficient by heightening 
the discriminability of stimuli be­
tween categories, thus reducing the 
uncertainty concerning the specific 
symbol code in any visual presenta­
tion of a component of the language 
code. 

The labeling data for the 
categories "long" and "short" are 
also shown in the left panel of the 
figure. Following Weber's Law 
[ 1/l=k], we would expect that 
the discrimination of the same half­
inch increments in line length might 
be easier for shorter lines and more 
difficult for longer lines. This did not 
occur for the single lines, but there 
was a slight tendency toward this . 
relationship in the overall D-P and 
V- Y data, although not to the degree 
reported by Samuel (1977) for 
phonetic stimuli. 

The data from the V- Y 
continuum are shown in the right 
panel of Figure 5. As with the data 
from the D- P continuum, we find 
a very sharp boundary between the 
"V" and the "Y" categories, and a 
peak ( 1 00% correct) in the dis-
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crimination function at this bound­
ary. However, the discrimination 
peak is broader than that for the 
D- P stimuli and discrimination per­
formance within categories is not 
reduced to chance, but only reduced 
from a peak of 1 00% at the category 
boundary, to approximately 75% 
within categories. This absence of 
the demonstration of chance per­
formance within categories could 
argue against these results as un­
equivocally demonstrating categori­
cal perception (Abramson, 1977). 
Our observers all reported being able 
to compare the distance between 
the lower end of each of the two 
diagonal lines and the theoretical 
intersection of these diagonal lines. 
Since the two diagonals were sym­
metrical around the vertical axis, it 
would appear that the stationary 
minor diagonal could serve as the 
visual reference both at the point of 
theoretical intersection with the 
major diagonal (as expected) and 

for a small range of shorter major 
diagonal line lengths. This extended 
reference did not alter the judgment 
of the categorical boundary between 
V and Y. It is also possible to argue 
on logical grounds that, while 
exhibiting a broad peak, these data 
represent as much a demonstration 
of categorical perception as the data 
from the D- P experiment above 
and data from most experiments 
proportedly demonstrating cate­
gorical perception. Based upon the 
data from the D- P experiment, it 
would seem reasonable to expect 
that chance performance within 
categories would have been found 
had we extended the range of line 
lengths to be more compatible with 
the range employed in the D- P 
experiment (i.e ., 8 to 28 inches 
instead of 13 to 21 inches). More­
over, we again have a clear instance 
in which a portion of a letter, in this 
case the fixed diagonal line, served 
as a standard creating a sharp 
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boundary and a heightened degree 
of discriminability at that category 
boundary. Thus, we have the action 
of the same type of cue for per­
ceptual organization which logically 
should (and in this case probably 
is) an important factor in defining 
these components of the visual 
language code. 

The results of the D-P and 
V- Y experiments demonstrate that 
the important phonetic phenomenon 
of categorical perception also exists 
for the components of the visible 
language code. We suspect that we 
also would find categorical percep­
tion for the line length continua 
between other pairs of visual stimuli, 
such as Y -X, D-b, and h-n. These 
findings should not be surprising, 
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From Print to Meaning and from 
Print to Sound, or How to Read 
Without Knowing How to Spell 

Two groups of 12-year-olds, 

both of normal intelligence and 

reading age, were compared. One 

group consisted of good spellers, 

the other of poor spellers. The two 

groups were equally good at read­
ing single words and sentences. 
However, they differed on other 
reading tasks, notably with non­

sense words and other tasks in­

volving conversion of print into 
sound. The differences indicated 

that the poor spellers were pro­
ficient at going from print directly 
to meaning, but were impaired at 

converting print to sound. In con­

trast, the good spellers showed 
mastery of both aspects of reading, 

converting print to meaning and 

converting print to sound. 

Poor spelling ability can 
coexist with good and even excel­
lent reading ability. This has not 
always been recognized because the 
combination of deficit and skill in 
two highly related functions is 
paradoxical enough to rouse sus­
picions. Most people suffering from 
spelling problems without reading 
problems seem to react to this 
handicap as if they too consider it 
paradoxical: they often disguise 
their spelling errors by poor hand­
writing; they have excuses for not 
writing at all; they make use of 
dictionaries at inordinate cost of 
effort and time; or they hold spelling 
in contempt as a pedantic and 
trivial matter. All this makes for suc­
cessfu I camouflage of the problem, 
and it is therefore difficult to esti­
mate its incidence. Nevertheless, in 
some circumstances this problem 
can be a serious handicap. 

The question that deserves 
some explanation is how input 
processes (reading) and output 
processes (writing) can be divorced 
to such an extent that one functions 
well, the other poorly. To explore 
this question a series of experiments 
was carried out. The subjects were 
normal school children, aged 12, of 
average intelligence and with an 
average reading age as estimated 
by a standard reading test, the 
Schonell graded word list (Schonell, 
1942). They were also given the 
Schonell Spelling test (Schonell, 
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1942). Ten good spellers and ten 
poor spellers were selected from the 
population of 12-year-olds of three 
secondary schools, with the restric­
tion that they were of equal reading 
achievement. The achievement in 
reading and spelling was expressed 
as the quotient of reading age or 
spelling age and chronological age, 
multiplied by 100. This is shown in 
Table I. By definition, there was no 
difference on reading ability be­
tween the two groups but a signi­
ficant difference on spelling ability. 

The present poor spellers 
differ from other poor spellers who, 
besides spelling difficulties, also 
suffer from reading problems. Poor 
spellers of this type differ qualita­
tively in both their spelling and 
reading from the children labelled 
"poor spellers" here (Frith, note 1). 
Nelson and Warrington (1973) have 
compared the spelling errors of 
similar groups of children, diagnosed 
as dyslexic . They found that those 
children who suffered from both 
severe reading and spelling prob­
lems showed an underlying lan­
guage deficit, while those children 
who suffered mainly from spelling 

problems and had largely overcome 
their reading difficulties did not 
show a language deficit. 

Experiment I 

The obvious question to ask 
was how well the poor spellers 
would be able to read their own 
misspellings. It seemed possible that 
the orthographic structure of words 
in general was perhaps less im­
portant to poor spellers, not only for 
output but also for input processes. 
Therefore words were taken from 
the Schonell Spelling test that each 
child had previously written after 
dictation. For each child individually, 
his last 12 misspelled words and his 
last 12 correctly spelled words were 
chosen. These words were typed, 
presented in random order, and the 
children were asked to read the 
words as quickly as possible. Poor 
spellers found their own misspel­
lings harder to read (78%) than the 
correctly spelled words (94%), 
p<.02. Good spellers found both 
equally easy (96% to 91 %) . The 
interaction just missed significance 
at the .05 level. 
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Thus, it appears that poor 
spellers benefit more from intact 
orthographical structure than do 
good spellers. Spelling conventions 
are not an irrelevant aspect of read­
ing for the poor spellers. This sensi­
tivity to orthographic structure is 
not reflected in their awareness of 
whether a misspelling has occurred. 
The poor spellers thought that 74% 
of their own misspellings, as pre ­
sented in the list, were actually 
correct, while the good spellers 
thought this in only 50% of the 
cases. This was significantly fewer. 

The difference between 
good and poor spellers in Experi­
ment I might have been due simply 
to the fact that poor spellers made 
more serious mistakes. Hence good 
spellers, too, should have found 
them difficult to read. To eliminate 
this possibility in the second ex­
periment, both groups had to read 
the same misspellings. These mis­
spelled words were presented in the 
context of a story because single 
word reading is rather atypical. 
Another reason for embedding the 
critical words in text was that many 
misspellings would be highly am­
biguous without the aid of context 
cues, for example, the misspelling 
"ar" could stand for air, arc, an, 
or, etc. 

Experiment II 

Reading prose aloud was 
the basic task in the second experi­
ment. Embedded in the text were 
misspelled words which the chil­
dren were asked to read aloud as if 
correct. To ensure that all children 
would read for meaning a variant 

of the "cloze" procedure, the 
"maze" technique (Guthrie, 1973) 
was employed. At frequent points 
in the text there was a choice be ­
tween three words of the same 
class, only one of which was 
meaningfu I in the context. 

On the basis of a qualitative 
analysis of the spelling errors ob­
tained from the children the fol­
lowing two contrasting types of 
misspellings were made up: one 
type largely preserves the sound, 
but not the visual appearance of the 
target word; the other type largely 
preserves the appearance but not 
the sound. The omission of just one 
letter in a word was considered an 
appropriate means of making up 
this second type of error. 

The text was based on pas­
sages from Jules Verne's 20,000 
Leagues Under The. Sea. It was 
divided into four paragraphs, each 
of exactly 1 50 words. There were 
15 target words in each paragraph, 
and in addition there were 9 words 
(3 nouns, 3 verbs, 3 function words) 
which were presented as a triple 
choice, in terms of the maze pro­
cedure. A few examples including 
both phonetic and nonphonetic 
misspellings may illustrate the 
techn ique. 

There were four versions 
(conditions) for each of the 
four paragraphs. 

1) Normally typed next (base­
line condition). 

2) Normal text with multiple 
choices (correct condition). 

3) Text with multiple choices 
and the 15 misspelled target 
words that preserved sound, 
but not appearance (phono ­
logically similar condition). 
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4) Text with multiple choices 
and the same 15 misspelled 
target words that now pre­
served appearance, but not 
sound (visually similar 
condition). 

Each child received all four para­
graphs, each in one of the four 
conditions in random order. The 
specific content of a particular sec­
tion would thus have no systematic 
influence on a particular condition. 
The experimenter used a check list 
to mark any errors while the child 
read aloud, and also unobtrusively 
timed the reading. 

Results and Discussion 

The time scores were un­
affected by the different types of 
misspellings. The average time taken 
to read the three paragraphs with 
multiple choices-with or without 
misspellings-was 67 sees (Sd=1 0) 
by good spellers, and 100 sees 
(Sd=28) by poor spellers, p<.01. 
The baseline condition (normal text 
without multiple choices) was read 
significantly faster by each of the 
two groups. Good spellers took 
56 sees (Sd=8) while poor spellers 
took 70 sees (Sd=19) on average, 
p<.05. Thus, the poor spellers 
were consistently slower readers and 
this slowness needs further 
exploration. 

It was somewhat disap­
pointing that the misspellings were 
almost always recognized correctly. 
The present groups of children were 
well able to cope with both the 
embedded misspellings and the 
multiple choice procedure. On 

average only 4% (Sd=4) of the 
misspellings were not recognized 
correctly and there was no differ­
ence between the two groups. 
There was however a suggestion of 
a group x type of misspelling inter­
action. Only one of the five good 
spellers who had made any errors 
at all found phonetically similar 
misspellings harder than visually 
similar ones, compared to four out 
of the six poor spellers who had 
made errors, p= .16. Using t-tests, it 
was found that poor spellers were 
worse than good spellers (5% vs 
1% errors) with misspellings that 
preserved sound, but were equal 
(3% vs 5%) with misspellings that 
preserved appearance. One might 
speculate that poor spellers recog­
nize words better from their visual 
appearance, while good spellers 
recognize words better from their 
sound. Thus, poor spellers may have 
a "visual" approach to reading, i.e. 
they convert print into meaning, but 
do not normally convert print into 
sound. This hypothesis would also 
be consistent with the result of the 
first experiment. The majority of 
spelling errors that both groups of 
children had made on the Schonell 
dictation test were those that pre­
served the sound rather than the 
appearance of the word. There too 
it was found that the poor spellers 
were less good at reading these 
misspellings. It is likely that the 
possibility of making use of context 
in the present task aided the recog­
nition of misspelled words to such 
a large extent that differences in 
difficulty were swamped . 
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Experiment Ill 

The tentative finding con­
cerning the recognition of mis­
spelled words was put to a further 
test in a proofreading task. Mis­
spelled words were easy to read. 
Would the errors therefore be easily 
missed while proofreading? 
Again, two types of misspellings 
were embedded in text: one type of 
misspelling did preserve the sound 
of the target word (sissors for 
scissors), the other did not (scarely 
for scarcely). Unlike the previous 
experiment both types of errors pre­
served the visual appearance of the 
target word. This was achieved by 
omitting just one letter of each 
target word. The main reason for 
this matching of the stimuli in terms 
of visual similarity was that the 
effect of sound could be studied 
without the possibly confounding 
effect of appearance of misspellings. 
Another reason was that mis­
spellings that are visually close to 
the target word would be quite 
difficult to detect in a proofreading 
situation and hence a ceiling effect 
would be avoided. For the same 
reason also, the misspelled words 
were placed in highly redundant 
phrases. Such words might again be 
scrutinized less and hence mis­
spellings would be noticed less. 
Five-word phrases were made up 
for this purpose, for example: 

A deep and horse voice. 
He sharpened knives and 
sissors. 
The doctor helped the patent. 
He scarely knew the man. 

The letter omission produced 
another word in half the cases, a 
non-word in the other half. This 
meant that while proofreading, it 
was necessary to read for meaning: 
scanning for misspelled words alone 
would result in a large number of 
misses. 

In the previous experiment 
the poor spellers tended to show 
little effect of sound compared to 
the good spellers. Hence, in the 
present task, it would be predicted 
that the poor spellers should not 
show any difference between these 
two types of misspellings. If they 
bypass conversion into sound, 
which this silent reading task cer­
tainly permits, they should never 
"notice" that some misspellings 
preserve sound and some don't. A 
prediction for the good spellers if 
they do not avoid conversion of 
print to sound would be that they 
should "notice" this difference. If 
good spellers convert print into 
sound then they should miss more 
phonologically correct misspellings, 
as these preserve the sound of the 
target word and should therefore be 
more readily accepted as correct. 
They should miss fewer of the other 
misspellings since as soon as they 
are converted into sound, it is clear 
that they are incorrect. 

A list of 32 phrases, all 
randomly mixed, was presented. 
Eight phrases contained no errors; 
12 contained a misspelled word that 
preserved the sound of the target 
word, half of them resulting in a 
word, half in a non-word; 12 con­
tained a misspelled word that did 
not preserve the sound of the target 
word, half again resulting in a word, 
half in a non-word. The children 
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were given some examples and then 
asked to go through the list as fast 
as possible, marking either a cross 
for any word in the phrase that was 
wrong in any way, or a tick for all 
that were correct. 

Results and Discussion 

There was no difference 
between errors that resulted in words 
and those that did not, indicating 
that reading for meaning was in­
volved, not just proofreading for 
misspelled words. Also, as one 
might expect, poor spellers missed 
on the whole more misspellings 
than good spellers. The poor spellers 
missed both types of error equally 
often, those that preserved sound 
(33%) and those that did not ( 42%). 
This is consistent with the hypo­
thesis that poor spellers did not 
convert print into sound. For good 
spellers on the other hand, a very 
strong effect of sound was obtained. 
However, the direction of this effect 
was contrary to prediction . Sur­
prisingly, good spellers missed 
fewer of the errors when the errors 
sounded correct (16%) and missed 
more when the errors sounded 
wrong (31 %), p<.01. 

The large effect obtained 
regardless of whether or not it 
points tovvards a group difference, 
is difficult to explain. It does not fit 
in with the notion that print is con­
verted to sound first. If so, any 
incorrect sounding misspelling 
would be noticed more rather than 
less, as was the case here. A replica­
tion of the present task using the 
prose passages and misspellings 
of the second experiment showed 

again that both good and poor 
spellers noticed more of the correct 
than of the incorrect sounding mis­
spellings. This indicated that the 
effect was not an artifact due to a 
particular set of target words and 
context phrases. 

One explanation is based on 
a critical examination of the types 
of misspellings. They did not differ 
only in terms of sound, i.e., whether 
or not they preserved the sound of 
the target word. This must be so 
since the two types of misspellings 
could only be derived by taking 
advantage of certain peculiarities of 
English orthography. As Chomsky 
and Halle (1968) have shown, 
English orthography represents 
linguistic knowledge on different 
levels. In particular there is a phono­
logical level and a morphological level. 
The same sound can often be repre­
sented by different letters. Which 
letters are chosen is then decided 
on a morphological basis: e.g. 
"sign" could be spelled sighn, sine, 
syne, cyne, etc. If it relates to 
"signature" in meaning, then its 
spelling must be s-i -g-n. This 
example of a morpholog ical rule 
shows that a misspelling that pre­
serves sound by necessity must 
break such rules. Thus the reason 
that these misspellings are noticed 
more, probably means that broken 
morphological rules are readily 
detected. 

The other type of misspelling 
that did not preserve sound had 
been contrived by omitting one 
letter at a more or less random 
position in the word. Thus, the 
omitted letter was not usually criti­
cal in terms of deeper level linguis­
tic rules. This explanation is in need 
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of further testing and can only be 
put forward here very tentatively. 
However, regardless of the inter­
pretation of the present result, it 
throws considerable doubt on the 
notion that the silent reading/proof­
reading of either poor or good 
spellers is characterized by con­
version of letters to sound. None of 
the experiments involving reading 
for meaning gave unequivocal 
evidence for the hypothesis that 
poor spellers are less skilled than 
good spellers at converting letters to 
sound. It appears that this may well 
be due to the fact that good spellers, 
too, when reading for meaning 
bypass the conversion of print to 
sound, and thus the hypothesis 
could not be tested. 

There has been a contro­
versy as to whether direct access 
from the printed word to its mean­
ing without an intervening con­
version into sound is in fact possible. 
This has been reviewed for example 
by Allport (1977), Coltheart, et al. 
(1977), and by Massaro (1977). 
All these authors conclude that, at a 
minimum, there is no reason to 
reject the possibility of "direct 
visual access" from print to mean ­
ing. Moreover, there are suggestions 
that "phonological coding prior to 
meaning" may not apply to normal 
reading of prose by any one: by 
skilled or unskilled, normal or dis­
abled readers (Snowling & Frith, 
note 3). With meaningful words 
sounds may always be derived after 
their meaning has been identified. 

One situation where we can 
be sure that letter to sound con­
version must occur is in the reading 
of nonsense words. Written non­
sense words cannot be decoded 

into meaning, but they can be de­
.coded into sound. If poor spellers 
are less skilled at converting letters 
to sounds, then they should be 
poorer than the good spellers at 
reading nonsense words. 

Experiment IV 

Twenty nonsense words 
were made up on the basis of words 
in the Schonell Reading list that 
were well within the reading ability 
of all the children. Usually just one 
or two letters were changed, e.g. 
laucer for saucer, knobbedge for 
knowledge. Each word selected and 
hence each nonsense word tested 
one particular grapheme-to­
phoneme correspondence rule, e.g., 
soft c before e as in laucer, silent k 
before n as in knobbedge. The 
child's response was scored as cor­
rect if this crucial correspondence 
rule was correctly applied, even if 
the pronunciation of the whole word 
was not as we had anticipated, i.e., 
analogous to the word it was 
derived from. Only this scoring was 
used, since in many nonsense words 
pronunciation must be considered 
ambiguous. We did not want to 
penalize for this inherent problem 
and hence only scored the critical 
grapheme-to-phoneme rule which 
at least in the opinion of two judges 
was unambiguous. 

The good spellers scored 
90% correct, the poor spellers 73%, 
p<.05. Ten of 12 given rules were 
mastered by at least 8 out of the 1 0 
people in the group of good spellers. 
The poor spellers only mastered 7 
rules. This result is interesting, as 
one might have expected perfect 
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performance from both groups­
who had all read the base words 
correctly. E.g., the word "antique" 
was read easily by all children, but 
the derivation "sentique" gave con­
siderable problems. Therefore, it 
was not entirely knowledge of 
specific grapheme-phoneme rules 
which enabled the children to read 
the words previously. Indeed it is 
possible to hypothesise that the 
words had been read without use of 
such rules at all. 

The experiment supports the 
hypothesis that the poor spellers 
are poorer at letter-sound conver­
sion than the good spellers. How­
ever, the finding that they mastered 
some of the grapheme-phoneme 
rules shows that they are capable of 
using this skill to some extent. 
Would the two groups also differ on 
other tasks where phonological 
coding was required, for example, 
when judging whether word pairs 
rhyme or not? 

Experiment V 

In order to appreciate 
whether two words rhyme or not, 
it is necessary to compare the sound 
of the words. If the poor spellers 
were less skilled or simply less 
practiced at converting print into 
sound, then they should be slower 
at this task than the good spellers. 
In contrast to reading aloud, which 
may well have been disadvanta­
geous to the poor spellers in Ex peri­
ment II, the rhyming task required 
silent reading. The sound of words 
in this case refers to a mental 
image. If an impairment was again 
shown then it would seem that the 
problem is one of internal coding 

and not of, say, motor programs for 
articulation. The material was a list 
of pairs of words, half of which 
rhymed and half of which didn't, 
randomly mixed together. Each 
rhyming pair was visually dissimilar 
(e.g., might-kite) while each non­
rhyming pair was relatively visually 
similar (e.g., peat-pear). This con­
trol ensured that a rhyming judg­
ment could not be based on graphic 
similarity, but had to be based on 
sound similarity. The children were 
shown some examples and asked to 
put a tick next to every rhyming 
pair and a cross next to every non­
rhyming one. They were given 60 
seconds to judge as many word 
pairs as possible. The good spellers 
were able to judge 36.5 pairs cor­
rectly, the poor spellers 29.1 pairs, 
p<.05. Both groups made the same 
number of errors ( 4.1 and 3.8 re­
spectively). This means that the 
poor spellers were performing about 
as accurately as the good spellers 
but were slower. Their slowness in 
the present experiment supports the 
hypothesis that the poor spellers 
are less adept at converting print 
into sound than the good spellers. 
Moreover, it suggests that this 
weakness applies even when only 
covert sound is involved. It also 
suggests that the hypothesis could 
be extended to state that conversion 
to sound is impaired, at whatever 
stage in the reading process this 
conversion was required. This 
would also account for slower per­
formance when reading aloud, as in 
Experiment II. Thus one would 
expect poor spellers to read more 
slowly than good spellers when 
reading aloud but not when reading 
silently. 
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Therefore, it was now neces­
sary to test the prediction that silent 
reading of meaningful text would 
be as efficient and fast in the poor 
spellers as in the good spellers. If 
it is true that reading for meaning 
does not necessarily rely on letter 
to sound conversion, but can be 
described as a letter to meaning 
conversion, and if the poor spellers 
possess this skill, then they should 
do as well as the good spellers. 
Therefore, the following experiment 
was carried out. 

Experiment VI 

This task was based on a 
technique described by Baron 
(1973). The children were given a 
list of 1 0 phrases that they had to 
read silently as quickly as possible 
judging whether or not the phrases 
made sense. There were five of each 
type randomly mixed. The children 
were given a practice list and were 
asked to place a tick next to each 
phrase that made sense, and a cross 
next to each phrase that did not. 
The critical words in the phrases 
that did not make sense were all 
visually similar to the target word, 
in order to ensure a certain degree 
of difficulty. Examples are: 

please wait for me ..! 
don't forget to write ..! 
bigger that a horse x 
the time war near x 

As predicted, both groups did this 
task equally well (23.5 sec for good 
spellers vs 24.2 sec for poor spellers) 
with equal accuracy (11% and 16% 
errors on average). Thus the poor 

spellers are indeed as fast as the 
good spellers when reading silently. 
Their apparent slowness in Experi­
ment II may thus well have been 
due to the requirement of reading 
out loud. 

The present task has been 
used by Baron (1973) and Baron 
and McKillop (1975) in an in­
genious way so as to impose a 
particular strategy: they presented a 
list of phrases, all of which con­
tained a wrong word, and hence all 
phrases were nonsense. However, 
half the phrases still sounded as if 
they made sense. The subjects were 
now instructed to tick all the 
phrases that sounded as if they 
made sense, and cross all those 
that did not. Below are some 
examples: 

by her a present ..! 
she was there mother .../ 
a gloss of wine x 
the rain his stopped x 

The hypothesis of a weakness in 
sound conversion in the poor spellers 
would predict that they should be 
impaired in this task. The children 
were again given examples and 
instructed to work as fast as pos­
sible. The result was in line with the 
prediction: the poor spellers took 
28.8 seconds to complete the task 
while the good spellers took 19.9 
seconds, p<.05. The interaction of 
groups x conditions, based on a 
t-test on difference scores for both 
tasks was significant on the .05 
level. Hence we can say that poor 
spellers were less efficient when 
conversion to sound was required 
compared to their normal reading 
strategy. Curiously, the good 
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spellers made only 2% errors in the 
second condition, while the poor 
spellers made a similar amount as 
before (14%) . Thus, one may wish 
to conclude that the good spellers 
were particularly efficient at this 
task when instructed to convert 
print into sound, but did not spon­
taneously choose this strategy. 

Conclusion 

The findings of the present 
series of experiments point to the 
fact that the two groups of 12-year­
olds of similar reading levels but of 
dissimilar spelling levels compared 
here, differed on one specific aspect 
of reading . The poor spellers con­
sistently showed weaker ability in 
converting letters to sounds at 
whatever stage in the reading pro­
cess this conversion applied, 
whether sound was overt or covert. 
This weakness is decidedly not a 
lack of this ability, rather a lack of 
preference for, or an avoidance of, 
this aspect of reading. The other 
aspect of reading, the conversion 
of letters into meaning, was, how­
ever, much used and skillfully ap­
plied by this group. This was the 
case in reading meaningful words 
alone and in context. This shows 
that reading can go a long way 
with a preferred strategy of direct 
access to meaning. 

The good spellers have been 
shown to be able to convert letters 
into sound very skillfully, when this 
was necessary for the task. This was 
the case with nonsense words, the 
rhyming judgment, the judgment of 
whether phrases sounded as if they 
made sense, and the recognition 

of grossly distorted words that 
sounded correct. On all these tasks 
the good spellers were superior to 
the poor spellers. On tasks that did 
not necessarily require converting 
letters into sounds, the two groups 
were similar. Thus, it seems that the 
good spellers are equally adept at 
both aspects of the reading process. 

The present experiments 
have demonstrated that good read­
ing ability can indeed coexist with 
poor spelling ability. Does this 
discrepancy now seem less para­
doxical? In some respects the 
paradox has perhaps lost some of 
its initial implausibility. A separation 
of input and output processes in 
visible language must be postulated . 
It seems very likely that a similar 
separation would apply to spoken 
language. Speech perception may 
exceed speech production (Dodd, 
1975) . For the special group of 
children who show spelling prob ­
lems without reading problems, a 
minor deficit in terms of input pro­
cesses has been demonstrated. The 
question remains how the minor 
difficulties in the input processes 
can be related to the major difficul­
ties in the output processes. The 
aim of the present paper was not to 
explore these relationships, but to 
demonstrate that two kinds of 
skilled reading must be distin­
guished: conversion to meaning 
and conversion to sound . The 
evidence collected here shows that 
normal young readers, whenever 
possible, prefer to go directly from 
print to meaning. 
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Using Spelling-Sound Corres­
pondences Without Trying to 
Learn Them 

Adult subjects learned 

spoken responses to nonsense 
words written in an artificial alpha­
bet. Correspondences between 
letters and phonemes were hidden 
by the use of right-to-left corres­
pondences. Even though subjects 
did not notice the existence of 
correspondences, they were able to 
decode new nonsense words in the 
same alphabet. In a second ex­
periment, nonsense words written 
with hidden correspondences were 
read more quickly than nonsense 
words without correspondences. A 
third experiment suggested that 
this effect was due to the fact that 
similar words had similar re­
sponses. In general, the results 
suggest that correspondences can 
be used without the use of special 
strategies for learning corres­
pondences, but when this occurs, 
people use examples rather than 
knowledge of the correspondences 
themselves. 

No matter how a child learns 
to read, much of his experience 
typically consists of reading aloud. 
Producing vocal responses to 
printed words undoubtedly pro­
motes learning of associations be­
tween printed and spoken words. 
The question addressed in this paper 
is whether anything else is learned 
as a consequence of this learning. 
In particular, does the learning of 
associations between printed and 
spoken words enable a beginning 
reader to decode words he has 
never seen before in print? 

The practical importance of 
our question is this: if a child some­
how gets to the point at which he 
can read aloud, does he need 
further training in finding and using 
spelling-sound correspondences? 
Or, alternatively, will practice at 
reading aloud inevitably lead to 
learning to use correspondences 
that do exist (Venezky, 1970)? For 
example, if a child learns to read by 
the whole-word method, it might 
be inevitable that he will ultimately 
learn to use the correspondences 
with further practice at reading, 
even reading of fairly simple ma­
terials (on the assumption that these 
materials contain most of the cor­
respondences he will need to know) . 
If such learning occurs, reliance on 
practice alone might be a useful 
alternative method for teaching 
children who seem unable to learn 
to use correspondences from direct 
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instruction. Of course, it is also 
possible that such learning from 
practice works for some children 
but not others. 

It is useful to distinguish 
among four different ways in which 
a person might come to use spelling­
sound correspondences as a result 
of experience at learning associa­
tions between printed and spoken 
words. I shall call these ways im­
plicit abstraction, explicit abstrac­
tion, generalization, and analogy. 

In implicit abstraction the 
learner comes to represent the 
actual rules of correspondence, pos­
sibly in the form of associations 
between letters and phonemes or 
between groups of letters and 
groups of phonemes. Such learning 
occurs in the absence of special 
strategies of any sort; the learning is 
assumed to be the result of the 
operation of basic learning mech­
anisms. Some theories of learning 
would seem to imply that such 
learning would occur. 

In particular, some versions 
of stimulus-response theory might 
hold that learning is inevitable when 
a response is intentionally produced 
in the presence of an attended 
stimulus. When a person produces a 
spoken word in response to a 
printed word, all the conditions are 
present for learning an association 
between a part of the printed word 
and a part of the spoken word. The 
part of the spoken word is indeed 
an intentionally produced response. 
And the part of the printed word is 
apparently attended to. By this 
mechanism, associations would be 
formed between every letter in a 
word and every phoneme in the 
response. For example, if the stimu-

Ius were bit and the response /bit/, 
associations would be formed be­
tween the b and the /b/, the b and 
the /i/, the b and the /t/, the i and 
the /b/, etc. Only some of these 
associations would be those we are 
interested in having a child learn. 
However, if a child learned a large 
set of words, it seems likely that 
some of these associations would 
be strengthened by repetition and 
others would not. For example, if 
the next word a child learned were 
bam, the association between the b 
and the /b/ would be strengthened, 
but the association between the b 
and the /i/ would not. 

This learning is called im­
plicit because it is not the result of 
any explicit effort to learn what is 
ultimately learned. Technically, im­
plicit learning is a kind of incidental 
learning; a person is given the task 
of learning (or practicing) associa­
tions between printed and spoken 
words, and, as a result, he inci­
dentally learns associations between 
letters and sounds. The study of 
implicit learning has received a 
large boost from the recent work of 
Reber (e.g., 1976; see also Brooks, 
1977, for another view). Reber 
examined the learning of the rules 
of artific ial grammars governing 
sequences of letters, measuring 
learning by the ability to classify 
new sequences according to 
whether or not they conform to the 
grammar. In one experiment, sub­
jects instructed simply to memorize 
grammatical sequences learned 
more of the grammar than did other 
subjects instructed to try to discover 
the rules of the grammar while they 
were memorizing. Reber (personal 
communication) has suggested that 
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there might be special mechanisms 
for implicit learning and that these 
mechanisms might be used not only 
in such things as learning a first 
language but also in learning spel­
ling-sound correspondences from 
practice at reading. Reber does not 
identify these mechanisms with 
those of stimulus-response learning 
of part-part associations, but for 
present purposes, such learning 
seems roughly equivalent to true 
implicit learning. 

In explicit abstraction, the 
learner uses special strategies for 
discovering rules at the time that 
the examples of the rules (cor ­
respondences) are presented . This is 
probably what most of us would 
do if we were asked to memorize 
the pronunciations of a number of 
Greek words (assuming we don't 
know Greek). While we were 
memorizing the words, we would 
also be generating and testing 
hypotheses about the sounds of 
individual letters such as rho and 
gamma. As adult readers, this would 
be particularly easy because we 
already have a way of representing 
phonemes abstractly, that is, a way 
of naming phonemes. As we dis­
cover the sounds of the Greek 
letters, we can formulate rules of 
the form, 'The thing that looks like 
a P sounds like an R." It is not at 
all clear that young children have a 
way of representing phonemes be~ 
fore they learn to read, so we can­
not assume that this explicit 
mechanism is open to them. 

Previous work on the learn­
ing of whole words in artificial 
alphabets is consistent with the 
view that explicit abstraction is the 
only mechanism available for learn-

ing letter-sound correspondences. 
Bishop (1964) taught a group of 
college students associations be­
tween printed and spoken nonsense 
words using Turkish letters. Bishop 
then tested subjects on their ability 
to use correspondences by asking 
each subject to pronounce new 
words according to the same cor­
respondences. Eight of the twenty 
subjects did not consciously dis­
cover any ~orrespondences, and 
these subjects performed at chance 
levels on the transfer test. The re­
maining twelve subjects were able 
to pronounce some of the transfer­
test items, and these subjects were 
also able to report explicit spelling­
sound correspondences they had 
d iscovered. 

Jeffrey and Samuels (1967) 
did a sim ilar experiment w ith six­
year-old children, using artificial 
letters as stimuli and consonant­
vowel English words as responses. 
Without additional training in 
" phonic blending," none of the 
children was able to decode any 
new words on the basis of cor­
respondences present in the original 
set. The experiments to be reported 
here show that transfer of corres­
pondences can occur in the absence 
of explicit abstraction . Our ex peri­
ments thus stand in apparently 
direct contradiction to the earlier 
studies, and we are forced to face 
the question of why transfer without 
explicit abstraction occurs in some 
situations but not others. 

One consequence of the 
existence of letter-sound corres ­
pondences is that words that look 
similar will have pronunciations that 
sound similar (Brooks, in press; 
Baron, 1977). In most cases, three-
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letter words with two letters in 
common (e.g., pat-pan) will have 
pronunciations with two phonemes 
in common; words that have no 
letters in common will have pro­
nunciations with no phonemes in 
common, etc. Such a state of affairs 
could easily facilitate transfer of 
learning on the basis of well-known 
mechanisms of stimulus and re­
sponse generalization gradients 
(Osgood, 1949). In general, it has 
been found that there is a great deal 
of positive transfer between learn­
ing one stimulus-response associa­
tion and learning another when the 
two stimuli are similar and the two 
responses are similar. This finding 
is presumably the result of basic 
learning mechanisms rather than 
the result of application of any 
special strategies; the same prin­
ciple ought to apply to pigeons as 
well as children. 

Such a mechanism might 
even operate to allow some de­
coding of new words presented for 
the first time (Brooks, in press). For 
example, suppose a child knew the · 
words bat, rat, and ran, and we give 
him the new word ban. Because of 
the similarity between ban and 
each of the three original words, 
the responses to these words will 
be activated by stimulus generaliza­
tion. Possibly one of the known 
responses will then be produced 
(as often happens with young 
children presented with such a 
novel word). However, another 
possibility is that none of the three 
original responses will be produced, 
because these responses will inhibit 
one another through competition. 
In this case, we might imagine that 
some sort of "response averaging" 

mechanism would take over. A new 
response would be constructed by 
taking pieces from the old responses 
and putting them together (as 
occurs in Spoonerisms and other 
tips of the slongue). Such a re­
sponse would have a good chance 
of being correct-or at least of 
being close enough so that the 
actual word could be recognized 
with the help of context in a real 
reading situation. Note that this 
mechanism of stimulus generaliza­
tion is like implicit abstraction in 
that both are a necessary conse­
quence of learning. These mech­
anisms differ, however, in what 
needs to be present in memory for 
transfer to occur. For implicit ab­
straction, rules themselves must be 
in memory, for stimulus generaliza­
tion, only examples. 

The final possible mech­
anism for decoding novel words on 
the basis of experience with old 
ones is analogy (Baron, 1977). For 
example, a person seeing BOR­
OUGH for the first time might think 
of THOROUGH. Analogy is like 
generalization except that the use 
of responses to old stimuli is not 
automatic. Instead, it is assumed 
that the subject actively tries to 
recall words that are similar to a 
new word he is trying to learn or to 
decode, and then uses additional 
strategies to modify the pronuncia­
tions of these old words to derive 
the pronunciation of the new word. 
Note that there are two points at 
which special strategies are used: 
first, the recall of similar words; and 
second, the modification of the 
pronunciations of these words to 
derive the pronunciation of the 
new word .1 
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These four mechanisms for 
transfer--explicit abstraction, im­
plicit abstraction, generalization, 
and analogy-may be distinguished 
in two ways, according to what is 
learned and according to whether 
strategies are used. For implicit and 
explicit abstraction, the rules (cor­
respondences) themselves are 
learned from exposure to words that 
follow the rules. Theoretically, it 
would be possible to forget all the 
examples and still remember the 
rules themselves (as seems to occur, 
for example, in some cases of arti­
ficial-grammar learning; see Smith, 
1966). For the mechanisms of 
generalization and analogy, transfer 
is based on the memory of ex­
amples alone. There need be no 
representation of the correspond­
ences themselves in order for these 
mechanisms to operate. As for the 
other distinction, implicit abstrac­
tion and generalization do not 
require any special strategies for 
learning or transferring rules. They 
rely on basic mechanisms that are 
presumably present in all people 
and that do not have to be learned . 
On the other hand, explicit abstrac­
tion requires the use of hypothesis­
testing and representational strate­
gies at the time the examples are 
presented, while analogy requires 
the use of retrieval strategies and 
strategies for modifying pronuncia­
tions at the time the transfer-test 
items are presented. 2 

The present experiments are 
designed to find out whether other 
mechanisms besides explicit abstrac­
tion, such as analogy or generaliza­
tion, are available to college students 
for transferring correspondences 
on the basis of experience with 

examples following those corre­
spondences. Depending on what 
those other mechanisms turn out to 
be, such studies may shed light on 
the original question of whether 
children can learn to use corre­
spondences from practice at reading 
whole words. In general, these 
experiments use the artificial­
alphabet technique first used by 
Bishop (1964) to address these 
questions. However, we make an 
effort to hide the existence of cor­
respondences from the subjects, so 
that explicit abstraction wi ll not 
be used. 

Experiment I 

In the first experiment 
twelve college students learned to 
read a set of nonsense words 
printed in an artificial alphabet. The 
subjects were told that there were 
no correspondences between letters 
and sounds and that the best 
strategy was simply to try to memo­
rize associations between whole 
stimuli and whole responses. In 
fact, the subjects were deceived. 
Six of the twelve stimuli had right­
to-left correspondences, with the 
rightmost artificial letter correspond­
ing to the first phoneme, etc. The 
other six stimuli were derived from 
a similar set of stimulus - response 
pairs, but the assignment of re­
sponses to stimuli was rearranged 
so that there were no consistent 
letter-sound correspondences. 

Method. The stimuli and 
responses used are shown in Table 
I. In the table the stimuli from the 
two sets are shown separately, but 
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in the experiment, all twelve stimuli 
used for a given subject were mixed 
together randomly (by shuffling the 
cards on which the stimuli were 
printed before each trial). This made 
the correspondences in the cor­
respondence set even less obvious 
than would otherwise have been 
the case. In addition, the letters 
used in the two sets were chosen in 
pairs; each letter in the correspond­
ence set had a corresponding letter 
in the no-correspondence set to 
which it was similar. This was to 
discourage the subject from looking 
for regular correspondences by 
comparing responses to similar 
stimuli. The stimulus most similar to 
a given stimulus was in fact from 
the other set. Assignment of stimuli 
to sets was balanced across 
subjects. 

Each subject learned the 
responses to the twelve stimuli, 
printed on cards, by a self-paced 
anticipation procedure in which the 
subject was free to answer or not, 
as he chose. The correct answer 
was spoken by the experimenter if 
the subject did not give it. This 
procedure continued for 25 trials 
(runs through the list). Only one 
subject succeeded in learning all 
twelve responses. After completing 
the 25 learning trials, subjects were 
asked to try to decode transfer 
words (see Table 1). These stimuli 
were presented in a random order. 
After the first presentation of the 
transfer words, the subjects were 
told that some of the stimuli had 
had correspondences. The subjects 
were then shown the transfer words 
again and asked to try to decode 
them. Finally, the subjects were 
told that the correspondences were 

right-to-left and were asked to try 
to decode the transfer items a third 
time. After this, the subjects were 
interviewed in detail about the way 
they learned the responses to the 
original stimuli, about whether they 
noticed any correspondences, etc. 

Results. The main result was 
that the subjects made fewer errors 
on the items in the correspondence 
set than on the items in the no­
correspondence set during the 
learning trials. For the correspond­
ence set, 67% of the responses were 
correct, for the no-correspondence 
set, 56%, p<.01. The interviews 
after the experiment revealed that 
two of the subjects suspected that 
there might be correspondences 
(although they could not discover 
any); one subject actually dis­
covered the correspondences in the 
middle position (which would, after 
all, be present even if the subject 
were looking for left-to-right cor­
respondences), and two other sub­
jects knew how to read Hebrew 
(which has right-to-left correspond­
ences). When these five subjects 
were eliminated from the analysis, 
there was still a significant dif­
ference (52.3% vs. 45.6%, p<.01) 
between the conditions across the 
remaining seven subjects. In sum, 
the presence of correspondences 
facilitated the learning of those 
items containing correspondences 
even though the subjects were 
unaware of the existence of the 
correspondences and thus (presum­
ably) did not employ specific 
strategies for learning the 
correspondences. 

Eight subjects were used 
for the analysis of the transfer items. 
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The three subjects who noticed 
correspondences or looked for them 
during learning were excluded. The 
other excluded subject was the only 
one who spelled out his responses 
instead of pronouncing them, and 
only 31% of the letters he used 
were letters used in the spellings of 
actual responses, in contrast to 
81% for the next lowest subject. To 
find out whether transfer occurred, 
only the correspondence trials were 
analysed. The number of phonemes 
in the correct position was deter­
mined for each test trial. The means 
for the three trials, respectively, 
were 4. 75, 4. 75, and 4 .38, out of a 
possible 9.00 on each trial. To find 
out whether these scores could be 
due to some sort of guessing, it was 
necessary to calculate the scores 
expected by chance. To do this, we 
assumed (conservatively) that if the 
subject had guessed, he would 
have produced the same three 
responses as he did produce, but 
would have assigned them randomly 
to the three stimulus items. These 
expected scores were calculated for 
each trial for each subject. Their 
means were 3.91, 4.22, and 4.1 0 
for three trials, respectively. The 
difference between the actual scores 
and the expected scores was not 
quite significant for any of the three 
trials alone, but it was significant 
across subjects by a t test for all 
three trials combined (p< .03) and 
for the first two trials combined 
(p< .025). In sum, the results sup­
port the claim that transfer to new 
items does occur even when the 
rules transferred were not thought 
to exist at the time of learning. 
Further, the subject need not know 
that the rules go from right to left 

for such transfer to occur; this is 
shown by the significant result for 
the first two test trials. 3 

From the results of this ex­
periment, there seems to be little 
doubt that subjects can transfer 
spelling-sound correspondences 
even though the subjects are un­
aware of these correspondences at 
the time of learning associations 
between printed and spoken words. 
It thus seems-in spite of the earlier 
results of Bishop (1964), described 
above-that other mechanisms 
besides explicit abstraction are 
available for transferring correspond ­
ences on the basis of experience 
with whole words. 

Clearly, the results can be 
explained by some implicit -abstrac­
tion mechanism (except for the one 
subject who did not appear to 
transfer) .- It is also worth noting 
that the conditions were present 
here for either generalization or 
analogy to operate as well. For 
example, all of the results could be 
accounted for by the analogy mech­
anism. In the correspondence con­
dition, stimuli that have two letters 
in common always have two 
phonemes in common. During 
learning, a subject might be unable 
to recall the response to some 
stimulus but might be able to recall 
the response to a sim.ilar stimulus. 
He may then use the response to 
the second stimulus as a cue to 
remember the response to the first; 
a response sharing two phonemes 
might be sufficient to remind the 
subject of the correct response to 
the stimulus at hand. Likewise, 
during transfer, the test items might 
remind the subjects of stimuli pre­
sented during training. In fact, each 
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of the three test stimuli had two 
letters in common with each of two 
stimuli presented during training. 
If the subject could recall these 
training stimuli and their respective 
responses, he could correctly infer 
two of the phonemes of the correct 
response to the test item simply by 
producing the phonemes common 
to the two responses he could 
recall . If he were clever, he might 
even infer that the remaining 
phoneme must be different from 
either of the two training items, and 
he could be correct on all three 
phonemes in the test item. No 
subject appeared to be this clever. 
Completely correct answers were 
given on only 12.5% of test trials. 

Experiment II 

Experiment II does not 
attempt to find out which of the 
various mechanisms is available, 

although its results may bear on 
this issue. Rather, it attempts to 
show that spelling-sound cor­
respondences can be useful in 
fluent responding to printed words 
as well as in learning the responses 
to these words for the first time . 
Also, it shows that correspondences 
can facilitate memory even in a 
situation in which all learning is 
incidental, even the learning of the 
associations between printed and 
spoken words. 

Method. In this experiment, 
the subject was given what he 
thought was only a reaction-time 
task. He was given an index card 
with a set of four stimuli and four 
corresponding responses; he was 

also given a column of 24 stimuli. 
Each stimulus on the list of 24 was 
one of the stimuli on the card. His 
task was to look at each stimulus 
on the list of 24, look at the card to 
find the stimulus and its associated 
response, produce the response as 
quickly as possible, and move on to 
the next stimulus on the list until 
all 24 stimuli had been responded 
to . He was not encouraged to 
memorize the four responses. The 
two measures of interest were the 
time required to go through the list 
and the memory of the responses to 
the stimuli presented at the end of 
the experiment. 

Some of the stimuli and 
responses used in this experiment 
are shown in Table II. Each of the 
index cards contained a set of 
stimuli and responses. Half of the 
subjects used sets A, C1, B, and 
02; the other half used sets A, C2, 
B, and 01. When set A is used in 
combination with set C1, there are 
consistent rules relating letters and 
phonemes. This is also true for set 
B in combination with set 01. 
However, when sets A and C2, or 
sets B and 02, are used together, 
there are no consistent correspond­
ences. Each letter can correspond 
to two phonemes instead of one. It 
is important to note that the cor­
respondences could not be noticed 
within the members of a single set. 
The correspondences were con­
sistent only across sets. Thus, the 
subject had no need to learn the 
correspondences simply to deal 
with the card in his hand. It is also 
worthy of note that half of the cor­
respondences were consistent only 
when viewed from left to right, and 
half only when viewed from right 
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Tab 1 e 2. Stimuli and responses for Experiment 2, by 1; st. 

List A 

rv bah 

EA meh 

<P < gaw 

T-+ koo 

C1 g__ 

r A beh kaw 

"i\7 mah goo 

<P-+ kaw beh 

T< goo mah 

to left. The basic design of this 
experiment is thus analogous to 
that of the first experiment, except 
that learning is incidental. 

Twenty college-age subjects 
were tested, 1 0 with A and C1 as 
the correspondence condition, 1 0 
with B and 01. For half of the 
subjects in each group of 10, the 
assignments of stimuli to the right ­
to-left versus left-to-right condi­
tions were switched (by switching 
the first response on the B 1 and 01 
card with the second, and the third 
response with the fourth). Thus, 
the assignment of stimuli to the 
correspondence versus no-cor­
respondence conditions, and to the 
forward versus backward conditions 
within the correspondence condi­
tion, was completely balanced 
across subjects. 

The subjects went through 
16 lists (24 items each, four dif­
ferent lists run through four times) 
with each index card. The order of 

B 

faa 

="' vih 

a'!' zuh 

§ ~ tay 

01 QL 

"' "' fih tu h 

:=oo vaa zay 

a ~ tu h fih 

§ ljl zay vaa 

presentation of conditions insured 
that sets in the correspondence 
condition would occur in different 
blocks of trials. This would mini­
mize the chances of the subjects 
noticing the correspondences. The 
subject first alternated between the 
C and D cards, starting with the C 
card (i .e., C1 or C2), for a total of 
eight runs with each card. Then the 
same was done with the A and B 
cards. Then the whole procedure 
was repeated before the memory 
test. In the memory test, the stimulus 
items were presented in a list in the 
fixed order, A, B, C, D. Since there 
was complete counterbalancing , 
the order of testing cannot account 
for any results. 

Results. In the memory test, 
for incidental learning of the re ­
sponses, the responses in the left­
to-right correspondence condition 
were recalled correctly (in entirety) 
37.5% of the time, the right-to-left 
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correspondence items were recalled 
35% of the time, and the control 
no-correspondence items were 
recalled 22.5% of the time, p<.05. 
This indicates that the consistent 
correspondences did promote in­
cidental learning. Of interest is the 
lack of difference (nowhere close 
to statistical significance) between 
the left-to-right and right-to-left 
conditions. This suggests that the 
effect of the correspondences was 
not a result of explicit abstraction 
of the correspondences. Surely, 
explicit abstraction mechanisms 
would have been more likely to 
discover left-to-right rules than the 
reverse. 

The difference between cor­
respondence and no-correspondence 
conditions was apparent in the 
times for going through the lists as 
well as for the memory scores. This 
effect was tested for sets A and B 
only, since the C and D conditions 
were presented first, before the 
effects of correspondences could 
be manifest. The mean time for each 
item in the list was 1.16 sec for the 
correspondence condition and 1.22 
sec for the no-correspondence 
condition, p<.05. The availability 
of consistent letter-sound cor­
respondences thus improved speed 
of responding as well as incidental 
learning of the responses. 

Experiment Ill 

So far, the experiments have 
indicated fairly strongly that spel­
ling-sound correspondences may 
be transferred without the use of 
explicit abstraction. The first ex­
periment showed transfer of cor-

respondences of which the subjects 
were unaware. In the second ex­
periment, the transfer measured 
was actually transfer of learning (or 
performance) between sets using 
the same correspondences, rather 
than transfer of rules to new in­
stances. However, it is necessary to 
distinguish among the three remain­
ing mechanisms.4 One critical test 
concerns the effect of similarity 
relations between stimuli and be­
tween responses: Recall that both 
the analogy and generalization 
mechanisms rely primarily on the 
fact that similar stimuli have similar 
responses, whether or not spelling­
sound correspondences are pre­
served . Experiment Ill is an attempt 
to make use of this property of 
these two mechanisms to find out 
whether true implicit learning-the 
only mechanism that does not rely 
on similarity relations-occurs. This 
experiment is as much like Experi­
ment II as possible, except that both 
correspondence and no-correspond­
ence conditions are identical in the 
extent to which similar stimuli are 
associated with similar responses. 
In particular, every pair of stimuli 
with a letter in common now has a 
corresponding pair of responses 
with exactly one phoneme in 
common. 

Method. The method is 
identical to that of Experiment II, 
except for the responses assigned 
to the stimuli. Some of these re­
sponses are shown in Table Ill. The 
remaining sets are identical except 
that the first and second responses 
to the C1 and D1 sets are switched, 
as are the third and fourth responses, 
as in Experiment II. 
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Table 3. Stimuli and responses for Experiment 3' by 1 is t. 

List A 

rv zee 

I.A taw 

<P< zee 

T-+ taw 

Cl C2 

fA zaw zaw 

lJ1 tee zaw 

¢-+ tee tee 

T< zaw tee 

One way of looking at the 
design is to examine what the sub­
ject would learn if he tried to learn 
correspondences from left to right 
or from right to left. Consider sets A 
and C1. For the first two items in 
each set, a right-to-left correspond­
ence would work perfectly across 
the two sets, and for the second 
two items, a left-to-right rule would 
work. For this reason, set A was 
considered to be in the correspond­
ence condition when it occurred 
along with set C1. Now consider 
sets A and C2, a combination of 
conditions received by other sub­
jects. Here, consistent correspond­
ence would not work. There is no 
way of keeping consistent left-to­
right or right-to-left correspondences 
in lists A and C2 combined . The 
sets A and C2, when used together, 
thus make up the control condition. 
If subjects are learning letter-sound 
correspondence, they should do 
better on A and C1 together than 
on A and C2. 

B 

foo 

::rv kay 

Cl'±' foo 

§st kay 

Dl 02 

::erv koo koo 

=:oo fay koo 

ast fay fay 

§'±' koo fay 

Another feature of this 
design was that transfer of letter­
sound correspondences between 
lists could be used to read some 
letters but not others. For example, 
there is no way the subject who 
has lists A and C2 can derive the 
response EE to the first item in A, 
while there are potentially two ways 
in which he might derive Z, (1) if 
he takes the correspondences to go 
from left to right, (2) if from right 
to left. If the subject does really 
learn letter-sound correspondences, 
then we might expect him to do 
particularly poorly on these particu­
lar correspondences for which no 
other correspondence could pos­
sibly exist. If the subject relies on 
overall similarity relations, however, 
there is no reason to expect such a 
difference. 

Results. The data were quite 
clear. There was absolutely no effect 
of anything. The mean time per 
item here was 1 .25 sec for the 
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We ca n im ag ine interm ediate cases 
between ana logy and generalization. in w hich 
one of these stra tegies is used but not another. 
For example. th e retrieval of memories of 
similar words might be th e result of basic 
mechanisms but the modificat ion of the 
respo nses to these word s might require specia l 
strategies 
2 A further comp li catio n is th e pos-
sibility that a person ca n presen t items to 
himself. w hether by recalling examples he has 
learned or by making up transfer items How­

ever. we can treat these se lf-genera ted items 
as eq uiva lent to extern al ly-presented st imuli 
for purposes of our c lass ifi cation scheme. 
3 Typ ica ll y. subjects give either old 
respo nses (mab. zak) or responses w ith the 
same phonemes (zam. wuk). Somet imes. new 
phonemes were inserted. Subjects co uld have 
achieved higher scores than they did by 
matching probabilities of phonemes in posi­
tions. but the procedure for estimating scores 
expected by guessing wou ld also be in ­
fluenced by such matching. so we ca n co n ­
clude that it did not account for the resu lts. 
Finally. it may be of interest th at the positive 
results were due almost entire ly to correct 
performance on the vowe l (77% obtained vs. 
56% predicted. p< 01 5). Performance on the 
first phoneme in th e response was on ly 
sl ightly above chance. w hile performance on 
the last pho neme was slightl y below chance 
4 We mi ght think that the analogy 
mechanism wou ld operate too slowly to be 
useful in Experiment II . But we have no right 
to make such an assum pti on How slowly is 
too slowly 7 

Discuss ions with Lee Brooks have 
been he lpful at every stage of th is work. He 
and Dom Massaro also provided helpful com­
ments on the paper It was supported by 
grants from th e National Science Found ation 
(BMS 74-23158) and th e Spencer Founda­
t ion (throug h the University of Penn sy lva ni a). 
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(Baron and Strawson, 1976; Baron, 
submitted). Such differences might 
arise in at least two different ways. 
It might be that people who are 
good at using correspondences are 
those who are good at finding 
analogies in their memories. If so, 
practice at this skill might be useful. 
Or, on the other hand, it may be 
that the retrieval of similar words is 
automatic (through generalization), 
once the stimulus word is perceived 
in the right way. In this case, 
teaching people to "parse" a word 
correctly may help them generalize 
along appropriate dimensions. The 
third difficulty is that the transfer 
effects we found are small. If these 
effects are indicative of what we 
might expect outside the laboratory 
(although there is no reason to 
assume they are), explicit instruc­
tion might be faster. 

The fourth argument against 

relying too heavily on the present 
results is that these results might 
tell us about mechanisms available 
to college students only; these 
mechanisms for transferring by 
analogy or generalization might not 
be available to young children (as 
the results of Jeffrey and Samuels, 
1967, suggest). Children might be 
different for two reasons. First, they 
might be less prone to apply inten­
tional strategies such as those in­
valved in using analogies. Second, 
children might perceive printed or 
spoken words differently. If, for 
example, a child perceives spoken 
words more as wholes and less as 
strings of separate phonemes, 
(Treiman and Baron, submitted), 
the mechanisms of generalization 
and analogy, both of which require 
preservation of some phonemes 
and replacement of others, may not 
work as well. 
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correspondence condition and 1 .21 
sec for the control condition. This 
effect is slightly opposite to what 
we predicted. For these mean times, 
the difference in magnitude of 
transfer between the Experiments II 
and Ill was significant, p<.025. For 
memory, the mean scores were 
28.9% for the correspondence con­
dition and 27.5% for the control 
condition. This difference of 1 .3% is 
to be compared to the difference 
of 13.8% in the last experiment, 
although the difference between 
experiments did not quite reach 
statistical significance. When only 
sets A and B were examined, 
memory was correct 37.5% of the 
time for the correspondence condi­
tion and 42.5% for the control 
condition, again, an effect slightly 
opposite to our prediction. 

Finally, we can compare the 
individual phonemes for which the 
subject had two sources of transfer 
(such as "Z" in the first item in set 
A, for subjects who used list C2) 
with the letters for which he had 
no sources (such as "EE" in this 
same item). The Z could be inferred 
either from an association between 
the Z in ZAW and the first letter of 
the first item of list C2 or the second 
letter of the second item. There is 
no association from which EE could 
be inferred . For the letters with two 
sources of transfer, the subjects 
produced the correct phoneme 
55.0% of the time, and for the letters 
with no sources, 52 .5%. These 
figures are almost identical. Again, 
there is absolutely no evidence for 
transfer based on associations 
between letters and phonemes. 

Discussion 

We must acknowledge that 
these resu Its may be restricted to 
these somewhat artificial situations. 
In addition, Experiments II and Ill 
might not be quite as comparable 
as we intended; there were, for 
example, even fewer responses to 
be learned in Experiment Ill than in 
Experiment II, and this may have 
affected the processes used . Still, 
the overall results of these experi­
ments do point to analogy and 
generalization as the most likely 
mechanisms for transferring spelling­
sound correspondences in the 
absence of knowledge of the ex ­
istence of the correspondences. 
When similarity relations are con­
trolled, as in Experiment Ill, no 
incidental learning based on transfer 
of the spelling-sound correspond­
ences is found. 

If it is true that analogy and 
generalization are important in using 
spelling-sound correspondences, we 
might want to consider the implica­
tions of this fact for teaching chil­
dren to decode new words. One 
might think from the present findings 
that there is little to be done. It 
might appear that since rules may 
be abstracted from learning to read 
whole words, this is all that is 
required. However, there are four 
arguments against this. First, many 
studies have (Chall, 1967) shown 
that the whole-word method is 
often inferior to other methods in 
the classroom, and by our argu­
ment, it ought to be superior in all 
cases. Second, there do appear to 
be individual differences in the 
extent to which people can use 
spelling -sound correspondences 
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Visual Rhythms: Dynamic Text 
Display for Learning to Read a 
Second Language 

A method is .described in 

which sentences are presented in a 

dynamic visual display. A television 

monitor is used to present simul­

taneously the visual and auditory 
versions of a sentence, with each 

of its successive visual and audi­

tory syllables yoked in parallel; the 
onset of each visual syllable is 

synchronized with the onset of 

each syllable as it is heard through 
the auditory channel. The result is 
a sentence which .. grows .. left-to­

right across the screen, one syl­
lable at a time, in .. visual rhythm ... 

In an experiment, the subjects were 

three groups of secondary-school 
students learning Spanish as a 
second language. In training ses­
sions, the rhythmic group saw the 
sentences in .. visual rhythm, .. the 

unrhythmic group saw the same 

sentences but in static visual dis­
play, and the control group had no 

exposure to either visual-auditory 
display. Before and after training, 

all groups provided pre-test and 

post-test measures of oral reading 

fluency. The dependent measure 
was pre-test to post-test relative 

change in judged reading fluency. 
The results favored the rhythmic 

group. 

Introduction 

This paper proposes a novel 
method for visual presentation of 
sentences and other language ma­
terials as a way of facilitating the 
teaching of reading. The essential 
idea is that a sentence is printed 
in a dynamic display that changes 
through time. The method makes 
use of a TV monitor to present simul­
taneously the visual and auditory 
versions of a sentence, with each of 
its successive visual and auditory 
syllables yoked in parallel. This is 
accomplished by synchronizing the 
visual onset of each syllable with 
the onset of each syllable as it is 
heard through the auditory channel 
(the syllable rather than the word is 
the more appropriate temporal unit 
of speech}. The result is a sentence 
which "grows" left-to-right across 
the screen, one syllable at a time, in 
"visual rhythm." To illustrate, say 
the sentence, "The boy is in the 
boat," and imagine that each syl­
lable (the, boy, is, ... ) appears on 
the screen just as you speak it, so 
that the complete sentence is on 
display when the last syllable is 
spoken. The sentence may be pre­
sented visually either by itself or in 
combination with the auditory chan­
nel. The display functions as a link 
between a sentence as it is dis­
played visually in space and as it is 
displayed auditorily in time. It pre-
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sents dynamic information about 
language in the visual mode, and it 
displays this dynamic information 
in what is probably the simplest 
and more relevant form for most 
purposes, readable text. 

Our first experiment using 
the method (Martin and Meltzer, 
1976) was an attempt to assess the 
reactions of young readers to the 
novel visual display, and to assess 
its possible effects on samples of 
their oral reading. The subjects were 
children in a summer remedial read­
ing program who were to be second, 
third, or fourth graders in the fall. 
They were divided into two training 
groups. In several training sessions, 
the Rhythmic group was exposed to 
sentences appearing syllable-by­
syllable in "visual rhythm" as de­
scribed above. In training sessions 
for the Unrhythmic group, the same 
sentences were presented in a static 
display, that is, the complete sen­
tence appeared all at once rather 
than syllable-by-syllable. In either 
condition the sentence was pre­
sented sometimes on both visual 
and auditory channels, sometimes 
on the visual channel alone, and on 
some trials the child attempted to 
read the sentence out loud. Each 
child had three training sessions of 
approximately 1 0 minutes spaced 
over a two-week period. At the 
beginning of the first training ses­
sion, the child read aloud several 
sentences which were tape-recorded, 
and the same sentences were read 
aloud by each child and tape­
recorded during the last session; 
together these sentences provided a 
pre-test and post-test measure of 
reading fluency for each child. 

After training sessions w~re 
completed, each of the recorded 
pre-test and post-test readings of a 
given sentence by a given child 
were paired together, but in random 
order with respect to whether the 
pre-test or post-test reading was 
the first member of the pair. Finally, 
all utterance pairs were assembled 
on a new audiotape. Six judges 
listened to all utterance pairs and 
indicated which item of the pair 
sounded more fluent. The results 
of the experiment were in favor of 
the Rhythmic group. A higher per­
centage of post-test readings of a 
pair were judged to be more fluent 
in the case of the Rhythmic group 
than in the case of the Unrhythmic 
group. 

The resu Its suggested that 
the method might have some pro­
mise, but much more research, of 
course, was needed. Of the many 
alternatives which might be taken 
as the next step, we tried the method 
with another relevant and accessible 
population, second-language learn­
ers. In the experiment reported in 
this paper, the subjects were 
secondary-school girls who were 
taking a course in beginning 
Spanish, and as in the earlier experi­
ment, the effects of training ses­
sions were assessed by changes in 
pre-test and post-test oral reading 
fluency. There was a Rhythmic 
group and an Unrhythmic group 
differing in terms of intervening 
audiovisual training materials, and 
an additional Control group who 
provided pre-test and post-test 
readings without intervening ex­
perimental training with the visual­
audito'ry display. 
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Method 

Materials 

Training sentences. Materials 
for the 39 sentences used in the 
experiment were based on the text­
book used by the subjects for their 
course in beginning Spanish, and 
were chosen to supplement their 
classroom work. Sentences were 
selected or adapted from the text 
using the following criteria: (a) they 
contained less than 37 characters 
and spaces and (b) they contained 
only English punctuation and char­
acters. These criteria were used 
because of limitations of the com­
puter screen to be used in preparing 
the training materials. Two examples 
of sentences are: Juan pone Ia ropa 
en Ia maleta. Alvedor de Ia casa hay 
una tinea. 

The sentences, which ranged 
from 4 to 16 syllables in length, 
were read with normal intonation 
and rate by a native female Spanish 
(Cuban) speaker, who was the 
teacher of the Spanish class. Sen­
tences were recorded in a sound­
treated room on an Ampex AG-500 
tape deck. 

Preparation of training 
materials. The time-voltage wave­
form of each sentence was digitized 
and displayed on a PDP-12 com­
puter screen in an oscilloscope-type 
display so that syllable onsets could 
be measured. Using this timing in­
formation, the rhythmic version of 
the sentences could be prepared. 
For this version a TV display was 
generated by the computer such 
that each syllable appeared visually 

on the screen in synchrony with the 
auditory syllable. Each syllable ap­
peared to the right of the preceding 
syllables until the entire sentence 
was displayed, after which the 
sentence remained on display for 
an additional 500 msec. A space 
appeared between each letter for 
greater clarity; triple spaces ap­
peared between words. 

Each rhythmic sentence had 
an unrhythmic counterpart. In this 
version the only difference was that 
all syllables in the ~ntire sentence 
appeared on the screen simultane­
ously2 and remained on the screen 
for the same length of time as the 
total time of the rhythmic sentence 
counterpart (visual first syllable 
onset to visual sentence offset). 
This total time ranged from about 
1 .2 to 3.0 sec. 

Two parallel video tapes 
were constructed, one containing 
the rhythm ic and the other con ­
taining the unrhythmic sentence 
versions. Each sentence was re­
peated five times sequentially on 
the tape with about 5 sec between 
repetitions and 6 sec between each 
set of 5 repetitions. 

Pre-test and Post-test 
reading materials. These materials 
consisted of 16 sentences ranging 
from 7 to 24 syllables in length . 
Half of these were selected from the 
sentences displayed during training 
sessions (old), half were new. The 
new sentences contained familiar 
vocabulary but were otherwise un­
related to the training materials. The 
old and new sentences were mixed 
together and typed on a single 
sheet of paper. 
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Subjects and Procedure 

The subjects were 45 girls 
enrolled in the second semester of a 
beginning Spanish course at their 
parochial secondary school, of 
which 14, 15, and 16 were in the 
Rhythmic, Unrhythmic, and Control 
groups, respectively. Seventeen ad­
ditional girls participated in some 
portion of the experiment but were 
eliminated because they missed a 
training session or one of the read­
ing fluency tests. Assignment of the 
subjects into the three groups was 
determined by scheduling con­
venience, but there were no signifi­
cant differences in mean grades for 
the first semester of Spanish, and 
their teacher regarded the groups as 
alike in ability. All the girls were 9th 
or 1Oth graders with the exception 
of one girl who was in the 12th 
grade. 

Prior to the training sessions, 
each subject was taken individually 
into a classroom and asked to read 
the 16 test sentences into a micro­
phone for tape recording; these 
were the pre-test readings for the 
experiment. Each subject partici­
pated in five training sessions, each 
of which was 15 to 20 minutes 
long, in groups of from 5 to 16 
subjects. The training sessions were 
held two times a week during regu­
lar Spanish class periods and 
spanned a 2-1/2 week interval. 

The procedure during train­
ing session 1 for subjects in the 
Rhythmic and Unrhythmic groups 
was as follows. First the subjects 
arranged their chairs around the TV 
monitor (19" screen) so that every­
one in the group could clearly see 
and hear the sentence. Then each 

sentence was presented for five 
repetitions and responded to 
(according to their instructions) as 
follows. On the first two repetitions 
they watched and listened. On the 
third and fourth repetitions, they 
attempted to say the sentence aloud 
in time with the speaker. On the 
fifth repetition they again watched 
and listened. This routine was re­
peated for 21 different sentences. 

The instructions were 
changed slightly during training 
sessions 2 and 3 since the sentences 
had been used during the first ses­
sion and were now familiar. On the 
first repetition of each sentence the 
subjects watched and listened; on 
the next four repetitions they spoke 
the sentences aloud. During training 
sessions 4 and 5 a different set of 
18 sentences was used. The instruc­
tions for training session 4 were like 
those of training session 1, since 
the 18 sentences were unfamiliar. 
The instructions for training session 
5, after the sentences had become 
familiar, were like those of training 
session 2. 

The Control group had no 
training sessions with the visual­
aud itory display. Instead, all of the 
materials from the old sentences in 
various contexts were made familiar 
to this group as part of their normal 
classwork routine. The results from 
this group provide a baseline for 
comparing changes over the time 
of the experiment. 

After the completion of all 
training sessions, the 16 test sen ­
tences were read by each subject 
and tape-recorded for use as a post­
test measure under identical condi­
tions with the pre-test reading . 
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Listener Judgments of 
Reading Fluency 

To reduce the size of the 
judgment task for the judges, only 
half of the 16 pre-test and post-test 
sentence pairs per subject were 
used. Four of these were old sen­
tences, i.e., used during training; 
four were new sentences, ranging 
from 7 to 14 syllables. For each of 
the 45 subjects, each of the eight 
sentences recorded during the pre­
test was paired with the identical 
sentence recorded during post-test, 
making a total of 358 pairs (360 
minus 2 pairs from one subject 
which were missing because of in­
advertent post-test recording 
mishap). Half of the 358 pairs were 
placed in the pre-test and post-test 
order in which they had been read, 
half were the reverse. All pairs were 
assembled on a new audiotape with 
the following constraints. Pairs 
were arranged in blocks of 45, of 
which approximately half (either 22 
or 23) were reversed pairs. Each 
block contained one pair read by 
each of the 45 subjects. Each of the 
eight different test sentences read 
by at least four subjects was in­
cluded in each block. 

There were four judges, of 
which two were college-level 
Spanish instructors and two were 
college students whose native lan­
guage was Spanish. The judges 
were informed of the randomized 
nature of the tape and were asked 
to make the fluency judgments on 
the basis of how smoothly sentences 
were spoken as a whole, and not on 
the basis of the pronunciation of 
individual words. They followed a 
typed manuscript of the sentences 

while listening to the sentence pairs 
and judged which utterance of the 
pair was more fluent. They listened 
to each pair as often as necessary. 
After choosing one of the pair as 
more fluent than the other, each 
judge then gave a confidence rating 
for that choice on a five-point 
scale. 

Results 

A judgment that the post­
test reading of a given sentence 
pair by a given subject is more fluent 
indicates improvement over the 
time of the experiment, and per­
centages and mean confidence 
ratings across subjects permit a 
comparison of relative improvement 
among the three training groups in 
the reading of both old and new 
sentences. Table I gives the sum­
mary data. The results are quite 
similar for direction of judgment 
(percentages) and mean confidence 
ratings. The result of interest is the 
relatively greater improvement by 
the Rhythmic group in reading 
aloud the new sentences during the 
post-test. 

The percentages were tested 
by summing the number of pair 
judgments in favor of the post -test 
reading for each subject and each 
judge. With four sentence pairs this 
value could range froni zero to four. 
These sums were submitted to 
analysis of variance with sentence 
type (old/new) as a within-subjects 
factor and training condition 
(Rhythmic/Unrhythmic/Control) 
and judge as between-subjects 
factors. The following results were 
significant: sentence type, 
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F (1, 168) = 16.80, p< .01; training 
condition, F (2, 168) =5.85, p<.01; 
and the interaction of sentence type 
and training condition, F (2, 168) = 
6.16, p<.01. 

Mean confidence ratings 
were tested by assigning negative 
sign to judgments in favor of pre­
test rather than post-test readings 
and averaging across the four sen­
tences; these values could range 
from -5 to + 5 with positive values 
in favor of the post-test readings. 
Analysis of variance yielded the 
following significant factors: sen­
tence type, F (1, 168) =27.30, p< .01; 
training condition, F (2, 168) =7.93, 
p<.01; judge, F (3, 168) =4.34, 
p<.01; and interaction between 
sentence type and training condi­
tion, F (2, 168) =4.14, p<.025. 

Separate analyses of the 
Rhythmic vs Unrhythmic conditions 
alone yielded significant differences 
also, as did an analysis using sen­
tences rather than subjects as the 
sampling unit. 

Discussion 

The relatively greater im­
provement by Rhythmic and 
Unrhythmic groups over the Control 
group can be attributed to practice 
in pronouncing sentences aloud 
with the help of the visual-auditory 
display, and relatively greater im­
provement (Rhythmic and Un­
rhythmic groups) in old sentences 
over new sentences can be attri­
buted to practice with these particu­
lar sentences. The difference favor­
ing the Rhythmic group over the 
Unrhythmic group in the case of 
new sentences suggests greater 
transfer to fresh sentences after 
practice with the rhythmic display. 
This result generalizes the earlier 
result (Martin and Meltzer, 1976) in 
favor of the visual rhythm over the 
static display. 

Speculating on the reasons 
for differential transfer effects from 
the rhythmic and static display, little 
can be said on the basis of ob­
servations of individual behavior 
during the training sessions since 
the subjects were run in groups. 
But it is plausible to suggest that 
since the rhythmic visual display 
duplicates timing information in the 
auditory channel, it helped the sub­
ject to know when she was suc­
cessfully shadowing the auditory 
channel and when she \tvas lagg ing 
behind. The dynamic display also 
tends to convey a sense of rapid 
speaking rate, and this is another 

reason why it may be an effective 
pacer for oral reading practice, as it 
appears to be. Of course these con­
siderations predict greater improve­
ment for not only new but old 
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Sounds and symbols are 
paired dynamically so that many­
to-one and one-to-many cor­
respondences between visual and 
auditory modes may be noted. In 
pluralization, for instance, the "s" 
in "caps" and in "cabs" is seen as 
the same in both cases in visual 
display, but is heard on the auditory 
channel as /s/ in the former but /z/ 
in the latter. When "cake" is plural­
ized we see and hear the syllable 
ending in /s/. But when "horse" is 
pluralized, we hear it as two syl­
lables, the latter of which is /lz/, 
and we also simultaneously see it as 
two syllables since they appear on 
the screen temporally separated. 
Examples could be multiplied. While 
some aspects of orthography are 
handled more naturally than others, 
the display might facilitate the con­
current part and whole learning in a 
rather efficient way. The display is 
quite flexible in its technical aspects; 
its usefulness can be evaluated in 
other ways than by oral fluency, 
and it can be used with various 
populations, including the deaf 
who are known to have particu­
larly difficult problems in learning 
to read (e.g., Odom, 1974). It is 
possible that any population with 
reading difficulties might profit from 
experience with the dynamic 
display. 

In conclusion, our work 
with the visual rhythms display is 
an attempt to bring some of our 
ideas about speech perception 
(Martin, 1972; Meltzer, Martin, 
Mills, Imhoff and Zohar, 1976) to 
bear on the reading process by 
focussing on dynamic aspects of 
the stimulus. It is not clear that this 
work can be used to choose among 

sentences also, in a comparison 
between Rhythmic and Unrhythmic 
groups. But old sentences were 
seen and spoken repeatedly (1 0-15 
times each) during training sessions 
by both groups. This much famili­
arity with the sentences could easily 
provide a ceiling on the advantages 
of a rhythmic over a static display. 
Additionally, one might even 
hypothesize a negative transfer com­
ponent to old sentences in the 
Rhythmic group which could have 
partially cancelled positive transfer 
effects, since for this group these 
sentences were in dynamic display 
during training but static display 
during post-test. 

The studies we have done 
using oral fluency tend to empha­
size holistic aspects of learning to 
read, but it is possible that the visual 
rhythms display will be useful for 
the learning of part aspects also, 
for instance, the learning of sound­
symbol correspondences. Learning 
to process written language is often 
assumed to be more difficult than 
learning to process spoken language 
(Kavanagh and Mattingly, 1972). 
One likely bottleneck is that the 
beginning reader must first learn to 
decode the parts (letters, words) of 
a sentence rapidly, or else the earlier 
items in a sentence are lost from 
memory before they can be inte­
grated (Gough, 1972). In other 
words, parts must be mastered 
before wholes can be grasped, in 
learning to read a sentence. A po­
tential advantage of the visual 
rhythms display is that part and 
whole aspects of learning to read may 
procede concurrently. Consider the 
learning of sound-symbol 
correspondences. 
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competing models of the skilled 
reader (Massaro, 1975), or that it 
can illuminate much of what takes 
place during any of the various 
kinds of skilled reading (Gibson and 
Levin, 1975). But the outlook for 
the study of learning to read seems 
more promising . As Massaro char­
acterized Gough's (1972) view of 
the situation: "When a child begins 

to learn to read, he already knows 
how to listen . If somehow the 
printed symbols on the page could 
be made to speak, all that the young 
reader would have to do is listen" 
(Massaro, 1975, p. 260). We can 
almost agree with this, without 
having to believe that it comes 
anywhere near to the whole story. 



80 
Visible Language 
XII 1 Winter 1978 

This research was supported in part 
by a grant from the Army Research Institute 
for the Behavioral and Social Sciences and by 
a grant from the Bio - Medical Sciences Sup­
port Committee, University of Maryland, to 
the Center for Language and Cognition. 
Computing services were provided by the 
Computer Science Center of the University of 
Maryland Thanks are expressed to Maria 
Torres, Clara Parcel, and the rest of the 
faculty of Regina High School, Hyattsville. 
Maryland, for their advice and their help in 
providing subjects for the experiment Robin 
Jeffries was the research assistant for this 
proJeCt Requests for reprints shou ld be sent 
to James G. Martin, Psychology Department 
University of Maryland , College Park, MD 
20742. 
2 This display was not quite simul ­
taneous; computer hardware limitations re­
quired that each letter in the display appear 
sequentially, in this case at 8 msec intervals. 
Hence while letters within, say, a three-letter 
syl lable appeared to be simultaneous in the 
Rhythmic version, the sequencing was slightly 
noticeable in the Unrhythmic version , since a 
sentence containing; e.g., 18 letters and 
spaces took 144 msec before the display was 
complete In this case, the effects were as 
though the letters appeared across the screen 
in a "burst" 
3 The criteria for judgments although 
vague are apparent ly not biased in favor of 
any particular group However, future research 
should include separate judgments of timing, 
inflection, word pronunciation, etc. 
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Speech Analysis During Sentence 
Processing: Reading and Listening 

The present paper is con­

cerned with the role of speech 

recoding during reading. Specifi­

cally, it examines information 
processing with respect to where 

reading and listening might come 
to share common mechanisms dur­

ing comprehension. The paper is 

divided into four sections. The first 
section contains a review of evi­
dence related to the issue of 
whether speech recoding is neces­
sary prior to lexical access. The 

weight is against this view. The 

second section of the paper ex­
plores an alternative view-namely 
that speech recoding occurs in 
working memory, where word units 

are held in a speech form until 

comprehension of phrases or sen­

tences occurs. Section Ill describes 
an experiment which shows that 
disrupting wording information 
in memory does not lead to seman­

tic comprehension failure. These 
results suggest that reading does 
not occur by converting visual 

signals into a speech code until 
comprehension occurs. Finally, the 

general discussion centers on 
models of visual language 

processing. 

The relationship between 
auditory and visual forms of lan­
guage processing has received 
recent attention in both short-term 
memory and reading research. In 
memory, theorists were confronted 
with the problem of explaining 
modality differences in recall from 
short-term memory. In reading, 
interest lay in where in information· 
processing auditory and visual 
forms of language come to share 
common comprehension mecha­
nisms. The main focus of consider­
able research in both fields was on 
the question of whether visually 
presented language is first con­
verted to a speech code before ac­
cessing meaning or being under­
stood. That is, does reading simply 
consist of an additional grapheme 
to phoneme conversion stage added 
to the mechanisms used for speech 
perception? Such a view of reading 
seems reasonable, since beginning 
readers are already fluent speakers 
who could presumably bring their 
linguistic knowledge to bear on the 
problem of learning to read. 

The main focus of the 
present paper is on where speech 
recoding occurs during reading. The 
first section of the paper examines 
evidence to support the view that 
visually presented language is con­
verted to a speech form in order to 
gain access to meaning representa­
tions held in memory. This discus­
sion is followed by a summary of 
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more recent findings which suggest 
that while speech recoding is often 
observed during visual word identi­
fication, it is an optional not a 
necessary stage prior to lexical 
access. The second section of the 
paper deals with an alternative view 
of where speech recoding of visual 
language might occur. The idea 
here is that while individual words 
can be understood without speech 
recoding, a speech code is used to 
keep the words of phrases or whole 
sentences available in working 
memory until parsing and integra­
tion mechanisms have abstracted 
the sentence gist. Reading and 
listening then become identical pro­
cesses after the working memory 
stage of analysis. The third section 
of the paper contains an experiment 
which examines the relationship 
between speech recoding and 
meaning analyses during reading. 
Its purpose is to demonstrate that 
meaning analyses during reading 
can occur without speech recoding 
in working memory. Rather, speech 
recoding provides a more detailed 
record of the surface structure of 
sentences and may be useful in 
performing some reading tasks. 
With evidence on speech recoding 
during reading, the final discussion 
centers on models of reading and 
how these are constrained. 

The evidence discussed 
comes from a variety of visual pro­
cessing tasks, and no attempt has 
been made to categorize these ac­
cording to their similarity to "real" 
reading. Also, speech recoding has 
been used as a general term en­
compassing all forms of speech 
based codes (acoustic, articulatory, 
auditory imagery, etc.). Since little 

evidence is available on which of 
these is the most appropriate level 
of analysis, use of a neutral term 
avoids prejudging this issue. 

Speech Recoding for Lexical 
Access 

In studies of short-term 
memory and of word recognition, 
some evidence is available which 
supports the view that speech 
analysis precedes meaning access, 
even for visually presented language. 
Some early short-term memory 
theorists expressed this view by 
postulating a phonemic short-term 
memory which preceded long-term 
semantic memory (e.g., Baddeley, 
1966a,b). The idea is that language 
is first analyzed in terms of its 
speech characteristics before making 
contact with the meaning represen­
tations held in long-term memory. 
It is necessary to convert visually 
presented language to a phonemic 
form to ensure storage in short-term 
memory. Evidence supporting this 
view came mainly from studies of 
modality differences in retention. As 
early as 1960, Sperling had demon­
strated that the recall of visual in­
formation from a spatial display was 
markedly reduced only 500 msec 
after its presentation. This observa­
tion led to the conclusion that 
visually encoded language fades 
rapidly from memory. It was also 
observed that errors made in the 
short-term recall of visually pre­
sented letters were remarkably simi­
lar to the perceptual errors made in 
identifying auditory letters presented 
in noise (Conrad, 1964). Together, 
these findings suggest that since 
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visual representations are rapidly 
lost, items are encoded phonemi­
cally to be held in short-term 
memory. 

This view of short-term 
memory as a speech store was 
further reinforced by the finding that 
only acoustic similarity caused a 
recall decrement in short-term 
memory, while only semantic simi­
larity affected long-term recall 
(Baddeley, 1966a,b). Also, final list 
items are better retained when the 
lists are presented auditorily rather 
than visually (Murdock, 1967) . An 
argument was made that while 
auditory items were compatible with 
the phonemic code of short-term· 
memory, visual items required addi­
tional processing to access this 
store. Finally, when speech recod­
ing was suppressed by asking sub­
jects to repeat irrelevant speech 
during list presentation, serial recall 
was markedly reduced for visually 
presented lists but not for auditorily 
presented lists (Levy, 1971; Peter­
son & Johnson, 1971). Here again 
it appears that visually presented 
material is dependent on translation 
to a phonemic form to ensure short­
term storage. Auditory processing, 
on the other hand, appears to di­
rectly access short-term memory. 
Since the accepted view was that 
short-term memory preceded long­
term memory, these modality dif­
ferences were consistent with the 
view that visually presented lan­
guage is first converted to a speech 
code in order to access meaning. 

While list learning research 
sometimes appears to be quite ir­
relevant to "real" language com­
prehension, a set of ideas and ob­
servations which closely parallel 

those developed above can be found 
in the word identification and read­
ing literature. Since recent reviews 
(Barron, note 1; Bradshaw, 1975; 
Massaro, 1975) have summarized 
the available data in some detail, 
only the main findings need to be 
summarized here. Considerable 
evidence has been amassed which 
shows a syllable effect in visual 
recognition tasks. That is, two-
(or multi-) syllable words are named 
more slowly than single syllable 
words '(Eriksen, Pollack & Monta­
gue, 1970); same/different judg­
ments are slower for multisyllabic 
than single syllable items (Klapp, 
1971); and letter detection is more 
accurate in one than two syllable 
words (Spoehr & Smith, 1973). 
Since the syllable effect is obtained 
for words equated for visual length, 
the effect can be taken to indicate 
translation into a phonemic form 
during the visual recognition pro­
cess. However, since the syllable 
effect does not occur in all visual 
recognition, situations, the phonemic 
translation stage may be an optional 
not a necessary stage of processing 
(Green & Shallice, 1976; Johnson, 
1975; Klapp, Anderson & Berrian, 
1973). Also, the syllable effect may 
be related to orthographic regularity 
rather than phonemic encoding 
(Massaro, 1975). 

A further source of evidence 
cited in favor of speech recoding 
during visual processing is that in 
lexical decision tasks it takes longer 
to decide that a letter string is not a 
word when that string sounds like a 
real word (e.g., brume) than when 
it does not (Meyer & Ruddy, note 
2; Rubenstein, Lewis & Rubenstein, 
1971). This is presumably because 
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the letter string has been converted 
to a phonemic form that can then 
be confused with the real word. 
However, when Forster & Chambers 
(1973) compared naming times and 
lexical decision times for words, 
non-words, and unfamiliar words, 
they found that naming times were 
shorter for words than non-words, 
and for high frequency than low 
frequency words. These findings 
suggest that lexical access is 
achieved before naming, as the 
existence of a lexical entry or word 
frequency should not influence 
naming if it precedes lexical access. 
Further, while naming and lexical 
decision times were correlated for 
words, they were not correlated for 
nonwords, indicating that word 
naming did not occur via the same 
grapheme-phoneme translation route 
used for pronouncing nonwords. 
While lexical decisions sometimes 
may appear to involve phonemic 
recoding, it is not altogether clear 
that this encoding precedes lexical 
access. The Meyer & Ruddy (note 
2) and the Rubenstein, et al. (1971) 
experiments do not, therefore, pro­
vide clearcut evidence that visual 
signals are converted to a speech 
format, with comprehension fol­
lowing the speech perception route. 

A similar interpretative limi­
tat ion applies to the short-term 
memory research reviewed earlier. 
Wh ile the evidence described sug­
gests that visual language is some­
t imes converted to a speech code 
during processing, it cannot be 
taken to support the stronger claim 
that such recoding is either neces­
sary or prior to meaning analysis. A 
striking demonstration that these 
stronger claims would be unwar-

ranted came from an experiment by 
Kroll, Parks, Parkinson, Seiber & 
Johnson (1970). These investtga­
tors presented single memory fetters, 
either visually or auditorily, during 
an ongoing auditory shadowing 
task (used to prevent speech trans­
lation). The results showed a marked 
superiority in retention of visual over 
auditory memory letters, even 30 
seconds after presentation. Kroll, 
et al. (1970) concluded that pre­
venting speech translation led sub­
jects to maintain the items visually, 
thus uncovering a capacity normally 
hidden by the tendency to name 
visually presented language. 

On the basis of subsequent 
work, Kroll (1975) argued that 
visually presented language can be 
encoded and rehearsed visually 
without recourse to an auditory 
translation step. However, he also 
noted that subjects often form word 
associates to the memory letters, 
thus converting the memory set to 
a semantic code. This strategy is 
particularly prevalent when the 
shadowing task is difficult. A series 
of experiments in my laboratory 
(Levy & Brevik, note 3) confirmed 
this use of a semantic strategy in the 
shado-wing paradigm. Subjects 
reported thinking of words that 
began with the memory letter as 
aids to their retention, a strategy 
that proved easier for visual than for 
auditory memory letters. Controlling 
this strategy, by asking subjects to 
generate words to the shadow let­
ters as well as the memory letters, 
led to a loss of the visual memory 
advantage, suggesting that the 
visual to semantic strategy is quite 
important in maintaining the high 
levels of visual recall during shadow-



Levy 
85 Speech Analysis During Sentence Processing 

ing. The important point, of course, 
is that visual to semantic conver­
sions occurred without an inter­
vening phonemic step, since visual 
like auditory recall would have been 
hindered by shadowing if speech 
recoding had occurred. Thus while 
earlier work in short-term memory 
suggested that visually presented 
items were translated to a phonemic 
form for further processing, it ap­
pears that under other circumstances 
this phonemic stage can be by­
passed. In general, the strict 
phonemic short-term memory to 
semantic long-term memory view 
has been abandoned in favor of 
more flexible processing views, as 
evidence accumulated that was 
inconsistent with this simple model 
(e.g., Craik & Lockhart, 1972; 
Baddeley & Hitch, 1974). 

Similarly in the reading 
literature, when demonstrations 
more directly addressed the issue of 
the necessity of phonemic recoding 
on route to meaning, the results 
were consistently negative. Bower 
( 1 970) asked speakers of Greek to 
read passages which contained 
misspell ings that were pronounced 
exactly the same as the correct 
spellings. This was accomplished by 
interchanging vowels that were 
pronounced identically but spelled 
differently. The Greek readers were 
considerably slowed down by this 
visual distortion, suggesting that 
their normal reading must be via 
some route disrupted by the visual 
change. Obviously the grapheme to 
phoneme route was still available 
and und istorted (though perhaps it 
was less familiar) indicating that it 
was not the route used during rapid 
reading. A similar study using 

English words and speakers has 
been reported by Theios & Muise 
(1976), and again misspellings 
which maintained correct phonemic 
translations led to slower reading 
times. 

In a similar vein, Baron 
(1973) demonstrated that subjects 
had no more difficulty in deciding 
that a phrase was nonsense when it 
sounded sensible, than when it 
didn't. That is, they could classify 
the phrase, tie the not, as nonsense, 
as quickly as the phrase, I am kill. 
One might have expected the 
phonemic correctness of the first 
phrase to slow down rejection time 
if phonemic translation had oc­
curred. Also, Kleiman (1975) found 
little effect of preventing phonemic 
translation (by using an auditory 
subsidiary task) when subjects made 
synonymity judgments about visually 
presented word pairs. Since the 
synonymity judgments required 
access to meaning, this result sug­
gests that meaning access does not 
depend on phonemic translation. 
Finally, Green and Shallice (1976) 
demonstrated that misspelling de­
layed meaning decisions more than 
phonological ones. If reading con­
sisted of a visual to auditory to 
semantic route, then visual errors 
(misspellings) should influence the 
first but not the second stage, and 
misspelling should affect phono ­
logical and meaning judgments 
equally. Green and Shallice argued 
that semantic judgments were made 
directly from the visual display 
without intervening phonemic 
receding. 

A further source of evidence 
suggesting that comprehension can 
occur through routes other than 
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speech recoding is the observation 
that phonemic dyslexic patients 
make errors during readings that are 
of a visual and/or semantic nature, 
but rarely make phonemic errors 
(Marshall & Newcombe, 1966; 
Patterson & Marcel, 1977; Shall ice 
& Warrington, 1975). Further, these 
patients are unable to read aloud 
orthographically regular nonwords 
which they can repeat when pre­
sented auditorily, and they are not 
slowed down in rejecting nonwords 
in a lexical decision task when the 
nonwords sound like real words 
(Patterson & Marcel, 1977). These 
findings suggest that grapheme to 
phoneme conversion is not possible 
for these patients, yet they can read 
and make judgments of wordness 
from visual displays. Clearly a 
phonemic translation stage is not 
necessary for such visual tasks. 
Further, Allport (1976) has pro­
duced similar results using a mask­
ing procedure with normal readers. 
He noted that when tachistoscopi­
cally presented words were masked 
so that they could not be correctly 
identified, the errors were some­
times semantically related to the 
target word even when the error 
and target words shared no visual 
or phonemic features. The argument 
here was that meaning appears to 
have been analysed with no evi­
dence of a phonemic mediation 
stage, since phonemic errors would 
also have been expected. 

Looking at all of this evi­
dence together, it seems reasonable 
to conclude that while speech 
recoding may occur, visually pre­
sented words can be understood 
without first being encoded into a 

phonemic form. That is, speech 
recoding is not necessary prior to 
lexical access. 

Speech Recoding in 
Working Memory 

While the current weight of 
evidence is against the view that 
speech recoding is needed for lexi­
cal access, some recent work sug­
gests that it does play an important 
role in comprehension. The claim 
made is that speech recoding acts 
as a holding device to keep word 
units available in memory until 
phrase or sentence comprehension 
occurs (e.g., Conrad, 1972; Norman, 
1972). Kleiman (1975) pointed out 
that while speech recoding is not 
needed for lexical access of single 
items, it does seem to be important 
in the comprehension of complete 
sentences. Kleiman suggested that 
words are converted to a speech 
form to be held in working (or 
short-term) memory until the sen­
tence message could be grasped. 
The idea was that while a visual 
route is capable of handling a few 
single items, its capacity is over­
taxed by the requirement of holding 
phrases or sentences until these 
units could be integrated to yield a 
semantic interpretation of the whole 
string. Speech recoding, then, acts 
as an overflow device to aid com­
prehension of long or difficu It 
passages. 

Some evidence can be mar­
shalled in support of this view. 
Hardyck & Petrinovich (1970) 
trained subjects to control their 
subvocal activity during reading by 
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using a feedback signal to indicate 
when EMG activity went above an 
acceptable baseline level. They 
found that during easy reading, 
college students were able to sup­
press their subvocal behavior with 
no cost to comprehension. How­
ever, when reading more difficult 
passages these students were unable 
to suppress their subvocalizations, 
and attempts to do so led to a 
comprehension loss. Hardyck & 
Petrinovich suggested that phonemic 
mediation may aid comprehension 
during difficult reading, when per­
haps the memory load is greater. 

Further evidence for the 
working memory position came 
from studies of vocal activity during 
reading. Kleiman (1975) asked sub­
jects to shadow auditorily presented 
letters while making judgments 
about pairs of words presented in a 
visual display. The shadowing task 
was used to prevent speech re­
coding of the visual items. Three 
types of judgments about word 
pairs were made: did the two words 
of each pair rhyme (phonemic), 
look similar (graphemic) or mean 
the same thing (synonymity)? 
Kleiman found a larger decrement 
due to shadowing when subjects 
made phonemic than when they 
made either graphemic or synony­
mity judgments. From this he con­
cluded that analyzing the meanings 
of word pairs does not require 
speech recoding, since synonymity 
judgments require meaning access 
but are little affected by shadowing. 
In contrast, a subsequent experi­
ment demonstrated that judgments 
about the semantic acceptability of 
entire sentences were quite ad -

versely affected by shadowing. 
Kleiman interpreted this decrement 
as showing that sentence accepta­
bility judgments, unlike simple 
synonymity decisions, requires the 
simultaneous evaluation and inte­
gration of several items, and speech 
recoding is required to keep the 
word units available for this more 
extensive processing. From these 
data Kleiman assigned speech con­
version of visual signals to the 
working memory rather than the 
lexical access stage of analysis. 

According to Kleiman's 
model, comprehension occurs via a 
direct visual to meaning route when 
the information load is small, but 
when visual capacity is taxed speech 
recoding occurs to provide tem­
porary holding until parsing and 
integration processes comprehend 
the incoming messages. These ideas 
are reasonably compatible with the 
data reviewed in this paper. The 
short-term memory research sug­
gested that in memory tasks where 
word holding is probably encour­
aged, subjects convert visually pre­
sented language to a phonemic 
form for immediate storage. The 
word recognition studies, on the 
other hand, probably involve in­
formation loads too small to tax the 
visual ana lysis route, thus not en­
voking a speech recoding need. The 
point to be taken here is t hat while 
other forms of processing may be 
possible for visually presented lan­
guage, the speech recoding route 
does operate as an aid to fluent 
reading when the information load 
is heavy or when learning is in­
volved. Similar arguments regarding 
the role of a memory requirement in 
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explaining speech recoding effects 
during reading have been made by 
Baron (1976). 

It is in this memory frame­
work that my own experiments on 
reading and listening best fit. The 
ideas behind the work stem rather 
directly from my earlier observation 
in short-term memory studies that 
suppressing speech recoding (by 
asking subjects to repeat an irrele­
vant syllable during list presenta­
tion) adversely affected the serial 
recall of visually presented lists, 
while not affecting recall of auditory 
lists (Levy, 1971). The results ap­
pear to suggest that visually pre­
sented words are more dependent on 
active speech recoding than are 
auditorily presented words, perhaps 
because auditory items are already 
in a suitable speech code. In order 
to generalize these findings to 
reading, a change detection para­
digm (Sachs, 1967) was used. 
Since two earlier reports (Levy, 
1975, 1977) describe in detail some 
experiments on comparisons of 
memory for visually and auditorily 
presented sentences, only the basic 
findings will be summarized here. 

To address the distinction 
between a reading def_icit and a 
general language comprehension 
deficit, we followed the route 
described by Gleitman and Rozin 
(1977). These authors defined 
fluent reading as "the skill of ex­
tracting meaning from print to the 
same degree that one extracts it 
from the sound stream." The idea 
was that if a message can be pro­
cessed auditorily, then any deficit in 
visual processing of the same mes­
sage must be a reading, not a 
general linguistic problem. There-

fore, we used modality manipula­
tions to evaluate the visual speci­
ficity of the effect to be described. 
The paradigm used was a simple 
one. Subjects read or heard sets of 
three unrelated sentences, all of the 
form: article, ~djective, noun, verb, 
article, adjective, noun. The sen­
tences were presented serially, at a 
rate of one sentence/three seconds. 
Subjects either read (or listened) 
silently, or they counted from one to 
ten, quickly and continuously dur­
ing the sentence presentations 
(called suppression). A test sen­
tence followed each set of three 
sentences and subjects indicated 
whether the test sentence was 
identical or changed from one of 
the presented sentences. In fact 
there were two types of changes, 
lexical and semantic, but subjects 
were not required to indicate the 
type of change made. For lexically 
changed sentences, a synonym was 
substituted for one of the nouns, 
thus changing the wording while 
leaving the meaning unaltered. For 
example, if the original sentence 
was, The attractive man liked the 
passing girl, a lexical change might 
be, The attractive fellow liked the 
passing girl. A semantic change 
consisted of switching the subject 
and object nouns, thus maintaining 
the original wording and syntactic 
structure of the sentence while 
altering its meaning . For the above 
example, the semantic test would 
be, The attractive girl liked the 
passing man. 

While with unpractised sub­
jects a small inconsistent decrement 
due to counting was observed for 
auditorily presented sentences 
(Levy, 1975), the modality speci -
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ficity of the suppression decrement 
became quite striking when prac­
tised subjects were used. As Figure 
1 (from Levy, 1977) clearly shows, 
both lexical and semantic detection 
were adversely affected by the 
counting requirement when the 
sentences were presented visually, 
but not when they were presented 
auditorily. The data are presented as 
P(hit) minus P(false alarm) to 
correct for response bias (analyses 
using d' scores yielded the same 
results). From these data it was 
concluded that visual processing is 
more dependent on translation to a 
speech code than is auditory pro­
cessing, perhaps because the audi­
torily presented sentences were 
already in a speech format appro­
priate for comprehension. 

On attempting to relate 
further the speech suppression effect 
to comprehension, however, a prob­
lem became apparent. Our earlier 
studies had used sets of unrelated 

sentences, perhaps leading subjects 
to adopt a literal rather than seman­
tic reading strategy. The apparent 
speech dependency may then have 
been caused by subjects not reading 
for meaning. This view was rein­
forced by the similarity of effects in 
the lexical and semantic measures. 
The question addressed, therefore, 
was whether comprehension of a 
passage's meaning was affected by 
the suppression task. We first 
wanted independent evidence that 
the semantic measure uniquely 
reflected variations in meaningful­
ness. Once this had been estab­
lished, we could then ask whether 
suppressing speech responding was 
less detrimental for "meaningful" as 
opposed to more literal forms of 
reading. 

To test these notions we 
constructed a number of seven­
sentence passages that addressed a 
central theme. While the sentences 
were all of the form described 
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earlier, the passages did form a 
story. The subjects were instru~,ted 

to try to relate the sentence mean­
ings since this would help them to 
remember the whole set. We also 
provided titles for each story, mak­
ing sure that none of the title words 
also appeared in the tested sen­
tences. One group of subjects read 
half of these stories silently and half 
while counting. Another group of 
subjects read unrelated sets, half 
silently and half wh.ile counting. The 
unrelated sets had tested sentences 
identical to those of the thematic 
passages, but the six context sen­
tences of each passage were 
randomly distributed across un­
related sets so that no meaningful 
relationships existed within sets. 
Lexical and semantic tests for the 
final three sentences in the sets 
were given (additional but un­
analysed tests of earlier sentences 
ensured that all seven sentences 
were read). 

The left-hand panel of 
Figure 2 represents the detection of 
wording changes when the mean­
ing remains consistent between 
presented and tested versions. While 
suppression of speech responding 
had a large detrimental effect on 
word memory for both thematic and 
unrelated material, there was no 
difference in retention for the 
thematic and unrelated passages. 
Since thematicity is a semantic 
manipulation, one would not expect 
such a variable to influence the 
choice between synonyms. The 
right-hand panel presents the detec­
tion of changes in meaning when 
wording and syntax were constant. 
The picture is quite different. Now 
there is a large effect of thematicity 

with semantic changes being better 
detected in thematic than in un­
related passages. Also, there is a 
large decrement due to suppression. 
Importantly, there was no interac­
tion between these two variables 
( F < 1). That is, when subjects read 
for meaning as indicated by the 
facilitating effect of thematicity, 
they still were dependent on speech 
recoding as indicated by the sup­
pression decrement. Performance 
reflected independent contributions 
of both meaning and speech 
analyses. 

What does this tell us about 
the role of speech recoding in 
reading? The main point is that 
analysis of meaning appears to pro­
ceed in spite of speech disruption. 
The effect of thematicity was as 
large in the suppressed condition as 
it was in the silent condition. How­
ever, detection of a semantic change 
was also affected by suppression. 
The problem, then, is to determine 
those aspects of processing that are 
affected by suppression and those 
that are independently aided by 
thematicity. One possible explana­
tion arises from the nature of the 
semantic detection task itself. Since 
lexical, semantic, and identical tests 
occurred randomly in the sequence 
of trials, subjects were always 
required to maintain wording in­
formation. Thus the suppression 
decrement may be due to poorer 
surface structure information fol­
lowing counting, while the themati­
city effect may be due to enhanced 
meaning recall for thematic pas­
sages. Since the semantic detection 
task could have been solved from 
either surface structure information 
(noting that the word order dif-
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fered), or from deeper semantic 
knowledge (gistrecall), both sources 
of information may have contributed 
to overall performance in this task. 
That is, thematicity may have aided 
recognition of a general idea in the 
passage, while surface structure 
memory aided in determining such 
details as, it was the girl who kissed 
the boy and not the reverse 
relationship. 

The experiment to be re­
ported here attempted to test this 
"surface structure versus meaning" 
explanation of the independent sup­
pression and thematic effects. If the 
suppiession decrement found in the 
subject-object reversal task was 
due to loss of word order informa­
tion, then a semantic task which 
depended solely on gist, with 
wording information being uninfor­
mative, should fail to show the 
suppression decrement. That is, for 
tasks that tap only semantic in­
formation and that cannot be solved 

from the surface structure informa ­
tion, a suppression decrement 
should fail to occur if meaning 
analyses can proceed independently 
of the speech encoding. 

The experiment to be de­
scribed resembled our earlier thema­
tic study with subjects reading 
either thematically related or un­
related sentences. One group of 
subjects performed the lexical­
semantic detection task in an at­
tempt to replicate the independent 
thematic and suppression effects 
(Levy, 1977, experiment Ill). A 
second group of subjects read the 
same passages, but their task was to 
detect paraphrases. For the latter 
subjects no test sentences were 
identical in wording to the presented 
sentences, and their task was to 
detect changes which altered sen­
tence meaning, as opposed to 
changes which maintained sentence 
meaning. We hypothesized that 
since wording was altered on every 
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trial and therefore could not aid in 
paraphrase detection, subjects 
would not maintain wording in­
formation, and therefore a suppres­
sion decrement would not be ob­
served in this task. For the lexical­
semantic subjects we expected 
independent effects of thematicity 
and of suppression, but for para­
phrase subjects only a thematic 
effect was expected. 

Experiment 

Method 

Materials. The paragraphs 
used by Levy (1977, experiment 
Il l) were used here, except that in 
half of them the tested sentence 
was moved to positions two, three, 
and four. This change allowed us to 
evaluate memory over a longer 
interval so that the memorial dura­
tion of the suppression and thematic 
effects could be observed. Context 
sentences were then revised to 
maintain the paragraph's continuity 
and thematicity. Each paragraph 
therefore contained one to-be­
tested sentence surrounded by six 
context sentences which formed a 
story. Sentences were of the form: 
article, adjective, noun, verb, article, 
adjective, noun, although some 
minor modifications were allowed 
so that the paragraphs were more 
linguistically natural. Each para­
graph was given a title that reflected 
its main idea. Table I contains ex­
amples of the paragraphs and both 
types of tests used. Matched un­
related sets were formed by keeping 
the tested sentences in the positions 
they held in the paragraphs, but 

randomly distributing the six con­
text sentences across sets. No 
thematic relationship existed among 
the seven sentences of an unrelated 
set and no titles were given . 

Two sets of thematic and a 
matched two sets of unrelated pas­
sages were constructed with each 
set containing 96 critical ex peri­
mental passages plus 24 filler pas­
sages. The filler passages were used 
only for the lexical-semantic detec­
tion subjects and contained changes 
in a sentence verb or adjective. 
Their purpose was to ensure that 
lexical-semantic subjects attended 
to all of the sentence words, not 
just to the nouns. The 96 critical 
passages were identical for both 
lexical-semantic and paraphrase 
subjects. The same sentence per 
passage was tested for both groups, 
though the tested versions differed. 
All subjects participated in two 
experimental sessions, with material 
sets balanced across sessions for 
both groups of subjects. 

Design. Three main variables 
were studied for both paraphrase 
and lexical-semantic subject groups. 
For both task groups half of the 
subjects read thematically related 
passages and the other half read 
sets of unrelated sentences. The­
maticity was a between-subjects 
variable. Sentence position and 
silent reading vs counting were 
varied within-subjects. Sentences 
two to seven were tested equally 
often and randomly, balanced across 
all other conditions. Also for each 
subject, half of the passages were 
read silently and half while counting 
(from one to ten quickly and con­
tinuously). The order of silent and 
suppressed (counting) blocks was 
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counterbalanced across subjects, 
such that all materials and test types 
were tested equally often with 
counting and with silent reading. 

Tasks. While the two main 
subject groups read the same pas­
sages under the same vocalization 
condition, their task demands were 
quite different. Lexical-semantic 
subjects attempted to detect 
changes that occurred in the tested 
sentences. Within each session half 
of the tested sentences were in fact 
identical and half were changed. 
Again, both lexical changes, which 
consisted of a synonym substitution 
for one of the nouns (thus main­
taining meaning), and semantic 
changes, where the subject and 
object nouns were interchanged 
(thus altering meaning, but not 
wording or structure) were used. 
Subjects responded "changed" in 
both cases without attempting to 
identify change type. Also half of 
the filler passages were tested as 
changed and half as identical to 
maintain the constant probability of 
changed and identical tests. Test 
types were balanced across subjects 
such that all sentences were tested 
equally often in their identical and 
changed versions, and changed tests 
were equally often lexical and 
semantic. Test sequences were 
identical for thematic and unrelated 
groups. 

Paraphrase subjects decided 
whether changes made in the test 
sentence maintained or altered that 
sentence's meaning. The same two 
words were always changed for the 
paraphrase and altered versions. 
For meaning preserving changes, 
synonyms were substituted for the 
two changed words thus altering 

the wording but not the meaning of 
the sentence. For meaning altered 
versions the two-word substitutes 
changed both the wording and 
meaning of the sentence. However 
the altered version remained a sen­
sible sentence and could plausibly 
(though not as well as the original) 
have occurred in the paragraph. 
Table I contains examples of these 
two types of changes. Subjects 
simply indicated whether the test 
sentence was a paraphrase of the 
original. Across each set of 96 
experimental passages, the adjec­
tives, nouns, and verbs were 
changed with approximately equal 
frequency, but unpredictably, thus 
forcing subjects to attend to all 
words in the sentence. Test se­
quences for thematic and unrelated 
passages were identical. Within 
each session and across subjects, all 
passages were tested equally often 
in their paraphrased and altered 
versions, and equally often with 
silent and suppressed reading. 

Procedure. The sentences 
were typed one per card and pre­
sented at a rate of one card every 
two seconds. Subjects were given 
practice in counting as rapidly as 
possible and were corrected if their 
rate slowed during the session. A 
practice sheet containing examples 
of the test types was given to en­
sure that subjects understood the 
use of the responses. All subjects 
receiving thematic passages were 
instructed to try to relate the sen­
tence meanings so the entire pas­
sage would be more memorable. 
The subjects receiving unrelated 
passages were told to remember all 
seven sentences. Test sentences 
were also typed on cards, and 
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subjects were forced to respond 
within ten seconds on every trial. 

Subjects. Thirty-two under­
graduate volunteers served for two 
sessions each in the lexical-semantic 
detection task. Another sixteen 
volunteers participated for two ses­
sions each in the paraphrase detec­
tion task. Each subject was paid $6 
for completing both sessions. 

Results and Discussion 

Lexical-Semantic Detection. 
Figure 3 presents the hit minus false 
alarm values for the main condi­
tions. Each data point in Figure 3 
represents the mean for sixteen 
subjects, where the hit probability 
is based on four observations, and 
the false alarm probability on eight 
observations for each subject. Hits 
represent the correct, and false 
alarms the incorrect, occurrences of 
"changed" responses. This measure 

corrects for response bias (Sachs, 
1974). The results replicate those 
of Levy (1977, experiment Ill) and 
provide additional information about 
the memory duration of the effects 
involved. As is apparent from Figure 
3, the effects of thematicity again 
occur with semantic detection, with 
no effect on the synonym discrimi­
nations of the lexical task. Again, 
both measures show a substantial 
suppression decrement. These ob­
servations were confirmed by 
analysis of variance. These results 
can best be summarized as showing 
that memory improves from early to 
late sentence positions; silent read­
ing is superior to reading while 
counting, at least for the final sen­
tences; semantic detection is 
superior to lexica l detection for early 
sentence positions and thematicity 
aids only semantic not lexical dis­
criminations. Importantly, analysis 
of the semantic measure indicated 
that the effects of thematicity and 
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of suppression were completely 
independent, as indicated by an 
F < 1 for their interaction term. 
Thus, as in Levy (1977, experiment 
Ill) both thematicity and suppres­
sion of speech responding made 
independent contributions to se­
mantic detection performance. 

The interaction of sentence 
position with suppression but not 
with thematicity was also informa­
tive. While the effects of semantic 
relatedness appear to extend 
throughout long-term memory, the 
suppression decrement dissipates 
after three or four sentences. The 
loss of the suppression decrement 
for lexical detection could be attri­
buted to a floor problem, but the 
disappearance in semantic detec­
tion,· where at least in the thematic 
condition performance is still 
reasonably good, is not open to this 
interpretation. One explanation of 
this dissipation is that suppression 
is indeed related to word memory, 
and memory for wording dissipates 
after sho~t intervals (Sachs, 1967; 
Begg, 1971). If this is true, the sup­
pression effect is itself limited by 
the duration of word memory. 

Paraphrase Detection. Figure 
4 presents the paraphrase detection 
data (each data point represents the 
mean for eight subjects, where the 
hit and false alarm estimates are 
each based on eight observations 
per subject). As the figure indicates, 
suppression had no consistent effect 
on this meaning measure (p<.05) 
~hile thematicity of the seven­
sentence passages enhanced per­
formance (p<.025). 

Taken together, the lexical­
semantic and paraphrase results of 
the present experiment offer good 

support to the "surface structure 
versus gist" explanation of the 
independent thematicity and sup­
pression effects observed in subject­
object re_versal tasks. When the task 
can be solved from surface structure 
information (e.g., subject-object 
reversals) then a suppression effect 
occurs that is independent of the 
effects of meaningfulness. When 
the task cannot be solved from sur­
face information (e.g ., word order 
cues), but is completely dependent 
on meaning information (e.g., the 
paraphrase task), a suppression 
decrement does not occur. Thus the 
presence or absence of a suppres­
sion decrement is related to the 
usefulness of exact wording in­
formation in performing the task. 
A second finding that supports the 
word memory interpretation of the 
suppression decrement is that the 
effect dissipates after a few sen­
tences. It has also been demon­
strated that memory for sentence 
wording dissipates after short 
intervals, again consistent with the 
view that suppression and word 
memory are related. 

The present findings con­
verge on the view that suppressing 
speech responding harms memory 
for sentence wording. This informa­
tion can be useful in some reading 
tasks. However, speech responding 
does not affect meaning analyses, 
which proceed independently in the 
lexical-semantic task, and which 
are unaffected by suppression in the 
paraphrase situation. Comprehen­
sion does not appear to depend on 
converting visual words into a 
speech code. 
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Genera l Discussion 

The literature reviewed in 
the first section of this paper sug­
gests that while subjects often con­
vert visual language into a speech 
code during reading tasks, the 
process is not a necessary stage 
prior to lexical access. An alterna­
tive view of where speech receding 
occurs during reading, namely in 
working memory to aid sentence 
comprehension, was explored in the 
next section of the paper. Kleiman 
(1975) proposed a model of work­
ing memory in which comprehen­
sion of phrases or sentences re­
quired the words to be retained in a 
speech code in working memory, 
until parsing and integration mech­
anisms processed the sentence 
message. Since auditorily presented 
language was already in a speech 
code, the point of convergence for 
listening and reading appeared to 
be at the speech receding stage in 

working memory. That is, once in 
working memory all language is 
encoded in a common speech for­
mat upon wh ich the comprehension 
mechanisms work. 

Both Kleiman's results and 
my own earlier studies fit quite well 
into this working memory frame ­
work. Some aspects of the present 
data also support the position. Sup­
pressing speech responding by 
asking subjects to count led to 
decrements for both lexical and 
semantic detection during reading . 
Also since the suppression decre­
ment was unreliable after about 
three sentences, some relatively 
short-term process is implicated. If 
the suppression decrement is related 
to word memory, it should be a 
relatively short-term phenomenon, 
since memory for sentence wording 
dissipates after about seven seconds 
(Begg, 1971). These data are con­
sistent with the working memory 
view. 
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It is in relating the suppres­
sion effect to comprehension and 
memory for meaning that a problem 
arises. According to Kleiman's view, 
speech encoding is used to keep 
words available in memory until 
comprehension occurs. By this 
view, if suppression interferes with 
word retention, it should also inter­
fere with comprehension, since the 
words are needed by the parsing 
and integration processes which 
lead to sentence comprehension. 
Further, in Kleiman's model thematic 
processes were said to influence a 
stage of processing later yet in the 
sequence. It is difficult to see how 
such a model could explain a 
thematic effect that is independent 
of disruption in the earlier speech 
stage. Since the speech code in 
working memory provides the data 
base on which comprehension pro­
cesses work, disruption of the data 
base must also disrupt the semantic 
analyses. Evidence that word mem­
ory was seriously hampered by 
suppression in the present studies is 
available from the lexical and se­
mantic change detection task. How­
ever, in the paraphrase tasks speech 
suppression did not inhibit semantic 
analyses during reading, even 
though word processing must have 
been disrupted. These findings are 
difficult to reconcile with Kleiman's 
model. 

The apparent discrepancy 
between the present resu Its and 
those of the earlier work of Kleiman 
(1975) and of Levy (1975, 1977, 
experiments I and II), where sen­
tence processing was disrupted by 
speech suppression, ·may well be 
due to the tasks they used. Klei­
man's sentence acceptability task 
required subjects to hold all sen-

tence words in memory until the 
final critical word was presented, 
thus forcing a dependency on word 
holding mechanisms. The task also 
involves single unrelated sentences, 
providing no opportunity for the­
matic processes to affect perfor­
mance. Similarly the unrelated sen­
tences used in my earlier studies 
probably discouraged thematic pro­
cessing. Also, the semantic detec­
tion task produced very subtle 
semantic alterations, and could be 
solved by simply noting the word 
order changes in the surface struc­
ture. These conditions probably 
discouraged the semantic processing 
underlying the thematic effect 
observed here and may have pro­
duced an artificial dependency 
between speech recoding and 
comprehension. 

The sequential working 
memory model proposed by Klei­
man seems unable to handle the 
independent thematicity and sup­
pression effects observed during 
reading. To handle the present 
results a model requires processors 
for meaning and wording that can 
act independently rather than se­
quentially, but with a mechanism 
available for combining the output 
from these processors. For example, 
the working memory model pro­
posed by Baddeley and Hitch 
(1974) could handle these inde­
pendent effects. The articulatory 
loop is a speech system which 
could be suppressed by counting, 
while the independent executive 
processor assessed meaning and 
was aided by thematicity of a pas­
sage. A limitation of this approach 
is that the articulatory loop holds 
only three words or a second and a 
half of speech, estimates too small 
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to account for the suppression 
decrement observed in our experi ­
ments. Also, since the nature of the 
executive processor is unspecified, 
it is unclear how thematicity ac­
tually aids processing and how the 
information in the executive pro­
cessor and the articulatory loop 
combine to jointly affect perfor­
mance. An interesting alternative to 
the working memory approach is 
Rumelhart's (1977) interactive 
model, where processing occurs 
simultaneously and interactively at 
many levels of encoding (e.g. visual 
feature, letter, syntax, semantic 
etc.), with each level attempting to 
understand the input within its level 
of responsibility, but using "hints" 
from other levels to aid its proces­
sing. Comprehension is the cumula­
tive result of information from all 
analyses. 

While the present data do 
not conclusively support any one 
model of language processing, they 
do constrain the class of models 
that is acceptable. A system which 
attempts to map reading onto listen­
ing comprehension mechanisms at 
some early stage of analysis seems 
unlikely. Rather, a processing system 
which allows independent analyses 
of signal and semantic levels of 
information, with a specified means 
of combining these sources of in­
formation, seems preferable. The 
interactive approach offers a fruitful 
framework for further reading re­
search and has also been advocated 
as a model of listening (Marslen­
Wilson, note 4). Rather than view­
ing reading as parasitic on listening, 
these two activities may share a 
common set of interactive 
processors. 
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Resume des Articles 

La lecture et !'audition figurees a l'aide d'une 
maquette a trois dimensions par Dominic W. 
Massaro 

Le traitement du langage consiste a 
former un sens a partir d'un signal. tel qu'un 
texte imprime ou un enonce verbal. L'objet 
de Ia maquette est de montrer non pas 
seu lement ce que le lecteur ou l'auditeur doit 
savoir pour comprendre Ia nature du langage. 
ma is Ia mani ere meme dont ces donnees 
sont traitees Le traitement du langage est 
considere comme une succession d'operations 
internes qui s'effectuent entre le moment du 
stimulus et !'elaboration du sens. A chaque 
stade les operations prennent un certa in 
temps et affectent !'information d'une maniere 
ou d'une autre. en vue du stade suivant. Dans 
Ia maquette proposee il y a un organe 
classement. pour figurer Ia nature de !' infor ­
mation a un stade donne et un autre organe. 
fonction. pour figurer les operations de traite ­
ment proprement dites. Cette maquette est 
proposee a des fins heuristiques. et pour 
incorporer les donnees et les t heories de toute 
etude su r Ia fon ction langage 

Les phonemes et les symboles alphanu­
meriques les paralle lismes eventue ls entre 
les systemes humains de communication. 
par Richard E Pastore 

Les symbol es alphanumeriques et les 
phonemes peuvent etre consideres comme 
des codes dans deux systemes humains de 
commu nication Si ces systemes so nt con<;:us 
en vue d'obtenir ce rtains resultat s. on peur 
s'attendre a retrouver des caracteristiques 
commu nes dans les elements physiques de Ia 
representation de ces codes et de leu r per ­
ception Ces caracteristiques so nt exa minees 
en vue d'etablir leur importance par rapport 
a tous les systemes de communication en 
general et par rapport a leur manifestation 
dans le langage auditif et v isuel. Dans cette 
perspective generale de tous les systemes de 

communication on peut s'attendre a trouver 
un grand nombre de para ll eles dans Ia percep­
tion des symbo les alphanumeriques et des 
phonemes. L'auteur exam ine quelques uns 
de ces paralleles en s'appuyant sur ce que 
nous savons sur Ia perception chez l'homme. 

Du texte au sens et du texte au son. ou 
comment lisent ceux qui ne savent pas 
I' orthographe. par Uta Frith 

Deux groupes d'enfants. Age: douze 
ans. Meme niveau d' intelligence . Meme 
capacite de lecture. Les uns savent l'ortho­
graphe; les autres. non. De meme force pour 
lire les mots et les phrases. mais inegaux a 
d'autres exercices. par ex. Ia lecture a haute 
voix et Ia lecture des mots denues de sens. 
A l'examen. il est apparu que ceux qui ne 
savent pas l'orthographe attrappent bien le 
sens. mais sont empeches lorsqu'il est ques­
tion de phonetiser Tandis que ceux qui 
savent l'orthographe sont egalement bons 
pour comprendre et pour phonetiser 

La perception des correspondances entre 
l'orthographe et !'audition par Jonathan Baron 
et June Hodge 

Quelques adultes ont appris des 
mots denu es de sens ecrits dans un alphabet 
truque Les correspondances entre lettres et 
phonemes eta ient cachees par inversion de 
droite a gauche Bien qu 'i ls n'a ient pas 
remarque ces correspondances. les partici ­
pants sont parvenus a dechiffrer d'autres mots 
formes au moyen du meme alphabet Dans 
une experi ence suivante des mots aussi 
denues de sens mai s formes a I' aide de cor­
respondances ont ete Ius plus rapidement que 
d' aut res mots tout aussi denues de sens mais 
formes sans aucune correspondance. Une 
troi sieme experi ence revela que ce resultat 
etait attribuable au fait que des mots sem-
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blables produisent des effets semblables. Au 
total . il semble bien que des correspondances 
peuvent bien etre ut ilisees sans recours a des 
strategies particulieres pour les decouvrir et 
que les gens se fabriquent des modeles plut6t 
que de rechercher les correspondances 
elles-memes . 

Les rythmes visuels : Ia mobilite dans Ia 
presentation des textes pour !'etude des 
langues par James G. Martin. Richard H. 
Meltzer. et Carol B. Mills 

La methode proposee consiste en 
une presentation mobile des textes . Un ecran 
de television sert a presenter simultanement 
Ia vers ion visuelle et Ia version auditive d'une 
meme phrase. de telle sorte qu'elles forment 
des sequences paralle les L'apparit ion de 
chaque syl lable sur l'ecran est accompagnee 
par !'emission de Ia prononc iation . On voit 
done une phrase "enoncee" de gauche a 
droite sur l'ecran. syllable par syllable selon un 
rythme visuel. On a fait une experience pour 
laquelle on avait forme trois groupes d' eleves 
du secondaire qui avaient choisi l'espagnol 
comme deuxieme langue. Au cours des leyons. 
ceux du groupe "rhyme" voyaient defiler les 
phrases se lon un rhyme visuel; ceux du 
groupe "statique" voyaient Ia meme phrase 
mais en image fixe; ceu x du troisieme groupe 
ne voyaient ni l'une ni !'autre. Avant comme 
apres le cours ils avaient taus fait Ia demon­
stration qu ' ils savaient parfaitement lire a 

haute voix . Ce qu'il s'agissait de mesurer 
c'etait les progres realises dans Ia lecture 
orale : les eleves du cours rythme eurent 
l'avantage. 

Les operations du langage: lire et ecouter 
par Bettv Ann Levv 

L'auteur s'interesse aux operations 
de recodage du langage au cours de Ia 
lecture. Et plus specialement aux operations 
au cours desquelles Ia lecture et !'audition 
pourraient partager des mecanismes com­
muns pour Ia comprehension L'article est 
partage en quatre sections. Dans Ia prem iere 
!'auteur examine de point de savoir si un 
recodage parait indispensable pour atteindre 
le niveau lexico logique. Dans Ia deuxieme. il 
env isage une au tre hypothese. selon laquelle 
ce recodage se situerait dans Ia memoire 
active. celle ou les mots sont conserves sous 
leur forme d'enonce jusqu'au moment ou le 
sens de Ia phrase apprait. Dans Ia troisieme. 
il decrit une experience qu i tend a montrer 
que de deranger l'ordre des mots dans Ia 
memoire ne compromet pas necessairement 
Ia comprehension semantique. Les resultats 
obtenus tendent a montrer que les operat ions 
de Ia lecture ne consistent pas a convertir les 
signaux visuels en un autre code. celui du 
langage oral . jusqu 'a ce que lessens ap­
paraisse Finalement !'auteur aborde Ia 
question plus genera le des modeles figurant 
les operations du langage. 
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Kurzfassung der Beitrage 

Ein Stufenmodell des Lesens und Zuhorens 
von Dominic W. Massaro 

Sprachverarbeitung ist die Abstrak­
tion der Bedeutung von einem physischen 
Zeichen wie einem gedrucktem Text oder 
einer Folge von Sprachlauten. Das Ziel eines 
I nformationsverarbeitungsmodells ist es, zu 
beschreiben, wie Sprache verarbeitet wird, 
nicht einfach, was der Leser oder Zuhorer 
wissen mu~, um Sprache zu verstehen. 
Sprachverarbeitung wird betrachtet als einc 
Folge von inneren Verarbeitungsstufen oder 
Operationen, die zwischen dem Sprachreiz 
und der Bedeutung auftreten. Die Opera­
tionen einer bestimmten Stufe brauchen ihre 
Zeit und transformieren die Information der 
nachsten Stufe der Verarbeitung zuganglich 
machen . In dem vorliegenden Modell 
beschreibt die Speicherungskomponente die 
Art der Information auf einer bestimmten 
Stufe, wogegen die funktionale Komponente 
die Operationen auf einer Stufe der Verarbei­
tung beschreibt. Das lnformationsverarbei­
tungsmodell wird heuristisch angewendet, 
um Daten und Theorie einer Reihe von 
Sprachverarbeitungs-Studien einzubeziehen. 

Phoneme und Alphanumerische Zeichen : 
Mogliche Komponenten paralleler mensch­
licher Kommunikationssysteme von Richard 
E. Pastore 

Alphanumerische Zeichen und 
Phoneme konnen als lnformationsverschlus­
selungssysteme betrachtet werden, die in 
menschlichen Kommunikationssystemen 
benutzt werden. Wenn solche Kommuni­
kationssysteme so geplant sind, da~ sie 
effektiv sein konnen, dann sollten wir 
erwarten, bestimmte Merkmale zu finden, die 
sich in der Natur der physischen Reprasenta­
tion dieser lnformationsverschlusselungen 
und in ihrer Wahrnehmung niederschlagen. 
Diese Merkmale werden diskutiert hinsichtlich 
ihrer Bedeutung fur Kommunil<'ationssysteme 

allgemein und ihrer Verwirklichung in der 
horbaren und sichtbaren menschlichen 
Sprache. Unter dem Blickwinkel solcher 
Kommunikationssysteme gesehen, sollten wir 
erwarten, viele Parallelen zwischen der 
Wahrnehmung von alphanumerischen Zeichen 
und von Phonemen zu finden. Dieser Aufsatz 
untersucht einige dieser Parallelen, wobei er 
sich auf unsere Kenntnis der menschlichen 
Wahrnehmung bezieht. 

Von der Schrift zur Bedeutung, und von der 
Schrift zum Klang, oder : Wie man lesen kann, 
ohne buchstabieren zu konnen von Uta Frith 

Zwei Gruppen von Zwolfjahrigen 
normaler lntelligenz und Lesefertigkeit wurden 
verglichen. Eine Gruppe bestand aus Schulern, 
die sicher in der Rechtschreibung waren, die 
andere aus solchen, die darin schlecht waren. 
Beide Gruppen waren gleich gut beim Lesen 
einzelner Worter und Satze. Sie unterschieden 
sich jedoch in anderen Leseaufgaben, beson­
ders bei sinnlosen Wortern und anderen 
Aufgaben, bei denen Schrift in Laute umge­
setzt werden mu~. Die Unterschiede deuten 
darauf hin, da~ die schlechten Rechtschrei­
ber erfolgreich Schrift direkt in Bedeutung 
umsetzen konnten, aber weniger gut Schrift 
in Laute. lm Gegensatz dazu zeigteri gute 
Rechtschreiber Beherrschung beider Aspekte 
des Lesens, indem sie Schrift in Bedeutung 
und in Laute umsetzten. 

Die Bedeutung von Schreibweise-Kiang­
Entsprechungen ohne den Versuch, sie zu 
lernen von Jonathan Baron und June Hodge 

Erwachsene Versuchspersonen 
lernten gesprochene Reaktionen auf sinnlose 
Worte, die in einem kunstlichen Alphabet 
geschrieben waren . Entsprechungen zwischen 
Buchstaben und Phonemen waren hinter 
Rechts- Links- Entsprechungen verborgen . 
Obwohl die Versuchspersonen das Vorhan-
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densein von Entsprechungen nicht bemerk­
ten, waren sie doch in der Lage, neue sinnlose 
Worter in dem gleichen Alphabet zu entsch­
li.isseln. In einem zweiten Experiment wurden 
sinnlose Worter, die mit verborgenen Ent­
sprechungen geschrieben waren, schneller 
gelesen als sinnlose Worter ohne solche 
Entsprechungen. Ein drittes Experiment legte 
den SchluB nahe, daB dieser Effekt darauf 
zuri.ickzufi.ihren ist, daB ahnliche Wort 
ahnliche Reaktionen hatten. Allgemein geht 
aus den Ergebnissen hervor, daB Entsprechun­
gen benutzt werden konnen, ohne die 
Benutzung besonderer Strategien zum 
Erlernen der Entsprechungen. Aber wenn das 
auftritt, benutzen die Leute eher Beispiele als 
das Wissen um die Entsprechung selbst. 

Visueller Rhythmus: Dynamische Textdarbie­
tung zum Erlernen einer zweiten Sprache 
von James G. Martin, Richard H. Meltner, 
& Carol B. Mills 

Es wird eine Methode beschrieben, 
mit der Satze dynamisch visuell dargeboten 
werden . Ein Fernseh-Bildschirm wird ver­
wendet, um gleichzeitig die visuelle und die 
akustische Version eines Satzes darzubieten, 
wobei jede seiner aufeinanderfolgenden 
visuellen und akustischen Silben parallel 
miteinander verbunden werden; die Darbie­
tung jeder visuellen Silbe ist synchronisiert 
mit der Darbietung jeder Silbe, die durch den 
akustischen Kanal gehort wird . Das Ergebnis 
ist ein Satz, der von links nach rechts 
" wachst" i.iber den Bildschirm, Silbe fur 
Silbe, in "visuellem. Rhythmus". In einem 
Experiment dienten als Versuchspersonen drei 
Gruppen von Mittelschi.ilern, die Spanisch als 
zweite Sprache lernten. In den Ubungs­
sitzungen sah die rhythmische Gruppe die 
Satze in " visuellem Rhythmus" , die un­
rhythmische Grupp dagegen in statischer 

Darbietung, und die Kontrollgruppe war 
keinerlei audio-visuellen Darbietungen 
ausgesetzt. Vor und nach der Ubung wurden 
von allen Gruppen Vor- und NachtestmaBe 
fi.ir die Fli.issigkeit ihres Iauten Vorlesens 
erhoben. Abhangige Variable war die relative 
Veranderung der beurteilten Lesefli.issigkeit 
von vorher zu nachher. Die Ergebnisse waren 
in der rhythmischen Gruppe am besten. 

Sprachanalyse wahrend der Verarbeitung von 
Satzen von Betty Ann Levy 

Die vorliegende Arbeit befaBt sich 
mit der Rolle der Sprach-Umkodierung 
wahrend des Lesens. Insbesondere untersucht 
sie die lnformationsverarbeitung hinsichtlich 
des Punktes, wo Lesen und Zuhoren wahrend 
des Verstandnisses moglicherweise gemein­
same Mechanismen benutzen. Der Aufsatz ist 
in vier Teile unterteilt: Der erste Abschnitt 
enthalt eine Ubersicht der Ergebnisse hin­
sichtlich des Problems, ob Sprach-Umkodie­
rung vor dem lexikalischen Zugang notwen ­
dig ist. Die meisten Daten sprechen gegen 
diesen Standpunkt. Der zweite Abschnitt des 
Aufsatzes untersucht einen alternativen 
Gesichtspunkt-namlich, daB Sprach­
Umkodierung im Arbeitsgedachtnis auftritt, 
wo Worteinheiten in Sprachform behalten 
werden, bis ein Verstandnis der Satzteile oder 
Satze auftritt. Abschnitt Ill beschreibt ein 
Experiment, das zeigt, daB eine Unterbrechung 
der Formulierungsinformation nicht zum 
Versagen des semantischen Verstandnisses 
fi.ihrt. Diese Ergebnisse legen den SchluB 
nahe, daB das Lesen nicht darin besteht, 
visuelle Signale in sprachliche Verschli.isselung 
umzusetzen, solange kein Verstandnis auftritt. 
SchlieBiich konzentriert sich die allgemeine 
Diskussion auf Madelle der visuellen 
Sprachverarbeitung. 
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Resumen de los Arictulos 

Un modelo de etapas del leery escuchar, 
por Dominic W. Massaro 

El proceso del lenguaje es Ia 
abstraccion de significado de una senal 
fisica tal como un texto impreso o Ia 
serie de sonidos de lenguaje. El fin de un 
modelo de proceso de informacion es de 
describir como se procesa el lenguaje 
y no simplemente lo que el lector o el 
oyente debe saber para entender el 
lenguaje. Se considera el proceso del 
lenguaje como una serie de etapas de 
proceso interno u operaciones que 
ocurren entre el estimulo del lenguaje 
y el significado. Las operaciones de una 
etapa en particular toman tiempo y 
transforman Ia informacion en algun 
sentido hacienda que Ia informacion 
transformada sea disponible para Ia 
siguiente etapa del proceso. En el 
presente modelo el componente almace­
namiento describe Ia naturaleza de Ia 
informacion en una etapa particular del 
proceso mientras el componente funcio­
nal describe las operaciones de cualauier 
etapa del proceso. El modelo de proceso 
de informacion es usado para incorporar 
datos y teoria de una variedad de 
estudios de proceso del lenguaje. 

Fonemas y caracteres alfanumericos: 
posibles componentes de sistemas para­
lelos de comunicacion humana, por 
Richard E. Pastore 

Se puede considerar a los 
caracteres alfanumericos y fonemas 
como codigos de informacion usados 
por sistemas de comunicacion humanos. 
Si dichos sistemas de comunicacion 
fueron disenados para ser efectivos, 
entonces deberiamos esperar de en ­
contrar ciertas caracteristicas que 
deberian manifestarse en Ia naturaleza 
de las representaciones fisicas de los 

codigos de informacion yen Ia percep­
cion de dichos codigos. Se discuten 
estas caracteristicas en terminos de su 
importancia en los sistemas de comuni­
cacion en general y sus manifestaciones 
en lenguaje humano oible y visible. AI 
contemplar desde Ia perspectiva de tales 
sistemas de comunicacion, debemos 
esperar encontrar muchos paralelos en 
Ia percepcion de caracteres alfanumeri­
cos y fonemas. Este articulo examina 
algunos de estos paralelos extrayendo 
de nuestro conocimiento de Ia percep­
cion humana. 

De Ia imprenta al significado y de Ia 
imprenta al sonido, o como leer sin 
saber deletrear, por Uta Frith 

Se compararon dos grupos de 
12 aiios con inteligencia normal yen 
edad de lectura. Un grupo consistia de 
buenos deletreadores y otro de pobres 
deletradores. Los dos grupos eran 
igualmente buenos en leer palabras 
solas y oraciones. Sin embargo diferian 
en otras tareas de lectura, notablemente 
con palabras tontas y otras tareas que 
involucraban Ia conversion de Ia im­
prenta en sonido. Las diferencias indi­
caron que los deletreadores deficientes 
eran peritos en ir de Ia imprenta directa­
mente al significado, pero fallaban al 
convertir imprenta en sonido. En 
contraste, los buenos deletreadores 
mostraron maestria en ambos aspectos 
de Ia lectura, convirt iendo imprenta en 
significado e imprenta en sonido. 
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El uso de correspondencias de deletreo­
sonido sin tratar de aprenderlas, por 
Jonathan Baron y June Hodge 

Sujetos adultos aprendieron 
respuestas orales para tontas palabras 
escritas en un alfabeto artificial. 
Correspondencias entre letras y fonemas 
estuvieron escondidas por el uso de 
correspondencias de derecha-a­
izquierda. Aun cuando sujetos no 
notaron Ia existencia de corresponden­
cias, fueron capaces de decodificar 
nuevas palabras tontas en el mismo 
alfabeto. En un segundo experimento, 
palabras tontas escritas con correspon­
dencias ocultas fueron leidas mas 
rapido que palabras tontas sin corres­
pondencias. Un tercer experimento 
sugeria que este efecto se debia al 
hecho que palabras similares tenian 
respuestas similares. En general. los 
resultados sugieren que corresponden­
cias pueden usarse sin utilizar catrate­
gias especiales para aprender correspon­
dencias, pero cuando esto ocurre, Ia 
gente usa ejemplos en vez del conoci­
miento de las correspondencias en si. 

Ritmos visuales: muestra dinamica del 
texto para aprender a leer un segundo 
idioma, por James G. Martin, Richard 
H. Meltzer, y Carol B. Mills 

Se describe un metodo por el 
cual se presentan oraciones en una 
muestra visual dinamica. Se usa un 
monitor de television para presentar 
simultaneamente las versiones visuales 
y audibles de una oracion, con cada una 
de sus sucesivas silabas visuales y 
audibles uncidas paralelamente; el 
comienzo impetuoso de cade silaba 
visual es sincronizado con el comienzo 
de cada silaba como se escucha a traves 
del canal auditivo. El resultado es una 
oracion que "crece" a traves de Ia 
pantalla de izquierda-a-derecha, cada 
silaba por separado, en "ritmo visual." 
En un experimento, los sujetos eran tres 
grupos de estudiantes de escuela 
secundaria que estaban aprendiendo el 

espanol como segunda lengua. En las 
sesiones de entrenamiento, el grupo 
ritmico vio las oraciones en "ritmo 
visual"; el grupo no-ritmico vio las 
mismas oraciones pero en una muestra 
visual estatica, y el grupo control no se 
expuso a ninguna muestra visual­
auditiva. Antes y despues del entrena­
miento, todos los grupos otorgaron 
medidas de pre-test y post-test de 
lectura oral fluida. La medida dependi­
ente era el cambio relativo de pretest a 
post-test en Ia juzgada lectura fluida. 
Los resultados favorecieron al grupo 
ritmico. 

Analisis del lenguaje en el proceso de Ia 
oracion: el leery el escuchar, por Betty 
Ann Levy 

El presente articulo se refiere al 
papel de Ia recodificacion del lenguaje 
durante Ia lectura. Especificamente, 
examina el proceso de Ia informacion 
con respecto a donde el leer y el escu­
char pueden venir a participar de 
mecanismos comunes durante Ia com­
prension. El articulo se divide en cuatro 
secciones. La primera seccion contiene 
un examen de Ia evidencia relacionada 
al punto en cuestion si el recodigo del 
lenguaje es necesario con anterioridad 
al acceso lexico. El peso de Ia evidencia 
esta en contra de este punto de vista. 
La segunda seccion del articulo explora 
un punto de vista alternativo--a saber­
que Ia recodificacion del lenguaje ocurre 
en Ia memoria activa donde unidades de 
palabras se mantienen en una forma de 
lenguaje hasta que Ia comprension de 
frases y oraciones tiene Iugar. La secion 
Ill describe un experimento que muestra 
que Ia informacion interrumpida de 
palabras en Ia memoria no conduce al 
fracaso de comprension semantica. 
Estos resultados sugieren que Ia lectura 
nose da al convertir senales visuales a 
un codigo de lenguaje hasta que Ia 
comprension tiene Iugar. Finalmente, Ia 
discusion general se centra en modelos 
de proceso de lenguaje visual. 
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