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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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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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