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Abstract 

The word-by-word time-course of spoken language understanding was inves- 
tigated in two experiments, focussing simultaneously on word-recognition 
(local) processes and on structural and interpretative (global) processes. Both 
experiments used three word-monitoring tasks, which varied the description 
under which the word-target was monitored for (phonetic, semantic, or both) 
and three different prose contexts (normal, semantically anomalous, and 
scrambled), as well as distributing word-targets across nine word-positions in 
the test-sentences. The presence or absence of a context sentence, varied 
across the two experiments, allowed an estimate of between-sentence effects 
on local and global processes. The combined results, presenting a detailed pic- 
ture of the temporal structuring of these various processes, provided evidence 
for an on-line interactive language processing theory, in which lexical, struc- 
tural (syntactic), and interpretative knowledge sources communicate and 
interact during processing in an optimally efficient and accurate manner. 

Spoken language understanding is, above all, an activity that takes place rap- 
idly in time. The listener hears a series of transient acoustic events, that nor- 
mally will not be repeated, and to which he must assign an immediate inter- 
pretation. These interpretative operations are rather poorly understood, and 
very little is known about the detailed structure of their organization in time. 
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This paper, therefore, is intended to provide some basic information about 
the word-by-word time-course of spoken language processing. 

The research will be conducted on the basis of an approach to speech un- 
derstanding in which the entire range of processing activities are seen as taking 
place on-line, as the utterance is heard (cf., Marslen-Wilson, 1975; 1976; 
Note 1; Marslen-Wilson, Tyler, and Seidenberg, 1978). Very generally, it is 
claimed that the listener tries to fully interpret the input as he hears it, and 
that the recognition of each word, from the beginning of an utterance, is 
directly influenced by the contextual environment in which that word is oc- 
curring. 

These claims about the on-line interactive character of speech understand- 
ing determine the kinds of experimental questions being asked. Thus the re- 
search will have two main foci, examined concurrently in the same experi- 
ments. The first focus will be on the global structure of processing - that is, 
on the overall temporal properties of the flow of communication between 
different knowledge sources during the perception of an utterance. The sec- 
ond focus will be on the local structure of processing - that is, on the tem- 
porally more localized interactions between different knowledge sources dur- 
ing the process of spoken word recognition. These investigations will be car- 
ried out in the further context of the general organizational issues that are 
central to the speech understanding problem. 

Determining assumptions in models of language processing 

The organization of a language processing model depends on two types of 
fundamental assumptions - about the distinct types of mental knowledge 
(or knowledge sources) that are involved in language processing, and about 
the possibilities for communication and for interaction’ between these know- 
ledge sources. Our questions here primarily concern this second type of as- 
sumption, since it is this that determines the basic structure of the system. 
We will begin by examining the processing assumptions underlying the type 
of “serial” metaphor that has dominated psycholinguistic thinking about 
sentence processing for the past two decades (cf., Carroll and Bever, 1976; 
Fodor, Bever, and Garrett, 1974; Forster, 1979; Levelt, 1978; Marslen-Wil- 
son, 1976; Tyler, 1980). 

‘The term “communication” will be used here to refer to the cases in which the flow of informa- 
tion between processing components is in one direction only, normally from the bottom up. The term 
“interaction” will be restricted to cases where information is assumed to be able to flow in both direc- 
tions. 
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The autonomy assumption 

The distinguishing feature of a serial model is its assumption that the flow of 
information between the different components of a processing system is in 
one direction only, from the bottom up. A processor at any one “level” has 
access only to the stored knowledge which it itself contains, and to the out- 
put from the processor at an immediately lower level. Thus, for example, a 
word-recognition component can base its recognition decisions only on the 
knowledge it contains about the words in the language, and on the input it 
receives from some lower-level analyser of the acoustic-phonetic input. Given 
such an input, the word-recognizer will determine which word, or words, in 
the language are the best match, and then pass this information on to the 
processor at the next stage of analysis. What it cannot do, in a strictly serial 
system, is to allow a processor higher in the system to intervene in its internal 
decision processes - either when ambiguous cases arise, or simply to facili- 
tate the recognition of unambiguous inputs. Each component of the proces- 
sing system is thus considered to be autonomous in its operations (Forster, 
1979; Garrett, 1978). 

This autonomy assumption means that any apparent effects of higher-level 
analyses on lower-level decisions cannot be located in the lower-level proces- 
sor itself. Context-effects in word-recognition, for example, could not be lo- 
cated in the word-recognition component, but at some later stage, at which 
the appropriate constraints could be used to select among the several words 
that might be compatible with a noisy sequence of acoustic-phonetic input. 
Exactly the same logic would apply to the relationships between syntactic 
and semantic processing components. From the point of view of the tempo- 
ral organization of processing, this clearly implies that there will be some 
delay between the point in time at which an input is discovered to be ambi- 
guous at one level of the system and the point at which the resulting ambi- 
guity can be resolved at some higher level. 

These processing assumptions have a profound influence on the ways in 
which a model can implement the further assumptions that are made about 
the types of mental knowledge (syntactic, semantic, etc.) that need to be dis- 
tinguished. First of all, they require that each distinct knowledge type be re- 
alized as a separate processing component, functioning as a computationally 
independent processing level within the system. There is no other way, given 
the autonomy assumptions, that a knowledge type can participate in the anal- 
ysis of the input. This has normally led to a four-tier processing system, with 
the four processing components reflecting some version of the linguistic dis- 
tinctions between the phonological, lexical, syntactic, and semantic aspects 
of language. 
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Apart from the equation of knowledge types with processing components, 
the autonomy assumptions also require the definition of the characteristic 
processing units in terms of which each component conducts its analyses. 
For it is the properties of these units that determine the points in the analysis 
of the input at which one processing component will be able to transmit in- 
formation to the next, and, equally important, the points at which this furth- 
er component will itself be able to start analyzing the input it is receiving, 
and itself generate an output to subsequent levels of the system. Unless the 
processing units at each level of the system are properly specified, then the 
precise temporal structure of the flow of information through the system re- 
mains ambiguous, and difficult to verify experimentally. 

Thus although the autonomy assumptions lead, in principle, to a well-de- 
fined theory of the global and local structure of spoken language processing, 
the effective validity of these claims depends on the further definition of 
level-by-level processing units. In the case of the lexical aspects of language, 
and the corresponding word-recognition component, the specification of the 
processing unit has not seemed to be a problem. The units are assumed to be 
words, so that the autonomous word-recognition component can only com- 
municate with higher-level processors at those points in the analysis at which 
it has come to a decision about which word (or words) best match the acous- 
tic-phonetic input it is receiving. 

This leads to clear claims about the local structure of processing. These 
claims can be tested by determining whether context-effects in word-recog- 
nition do in fact occur only after the points predicted by the theory. The 
important question is not whether context-effects can be detected,* but 
rather when they occur. If, for example, context-effects are detected before 
the word-recognition device could have produced an output, then this would 
be prima facie evidence for an interaction of context with processes within 
the word-recognition device. 

The choice of processing components and their associated processing units 
becomes much more problematical when one comes to consider the global 
structure of the system. In fact, it is no exaggeration to say that this has been 
the central theoretical and empirical issue in psycholinguistic research on sen- 
tence perception (e.g., Bever, 1970; Carroll, Tanenhaus and Bever, 1978; 
Fodor et al., 1974; Fodor and Garrett, 1967; Garrett, Bever, and Fodor, 
1966; Jarvella, 1971; Marslen-Wilson et al., 1978). This was because modern 

2The use of a word’s prior and posterior context to resolve problems caused, for example, by a noisy 
sensory input, has been well established at least since the work of Miller, Heise, and Lichten (1951). 
We are not concerned here, however, with context effects that may be occurring several words down- 
stream from the original ambiguity in the input. 
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psycholinguistics was founded on the hypothesis that a transformational ge- 
nerative grammar (Chomsky, 1957; 1965) provided the appropriate concep- 
tual framework for thinking about language processing (cf., Fodor et al., 
1974; Miller, 1962; Miller and Chomsky, 1963). The usefulness of this hypo- 
thesis depended, historically, on two critical claims; namely, that there was 
an independent syntactic processor, computing a level of syntactic represen- 
tation during sentence perception, and that the processing unit for this com- 
ponent was the deep structure sentence (cf., Bever, 1970; Clark, 1974; Fodor 
et al., 1974; Forster, 1974; Marslen-Wilson, 1976; Tyler, 1980). 

These claims, taken together with the autonomy assumption, led to a po- 
tentially fully specified processing model, which could make clear predictions 
about the temporal ordering of sentence processing operations. These predic- 
tions were, however, certainly too strong, since they required that semantic 
interpretation be delayed until the syntactic clause or sentence boundary had 
been reached, so that any semantically based disambiguating or facilitatory 
effects on lexical or syntactic processes could not be observed before this 
point (cf., Marslen-Wilson et al., 1978; Tyler and Marslen-Wilson, 1977). 
Subsequent serial processing theories (e.g., Carroll and Bever, 1976) have 
held onto the assumption that there is an independent level of syntactic anal- 
ysis, but have been much less definite about the processing units involved. 
Forster (1979), for example, in an otherwise very complete discussion of a 
serial processing system, states that the products of the autonomous syntac- 
tic parser are “relayed piecemeal to the next processor as viable syntactic 
constituents are identified”, but does not identify the notion of a “viable 
syntactic constituent”. 

This kind of indeterminacy in the statement of the global structure means 
that one cannot derive the same type of prediction as was possible for the 
word-recognition component. Without a clearly specified processing unit, it 
is difficult to set up a compelling experimental demonstration that semantic 
analyses are interacting with decisions within the syntactic processing com- 
ponent. One can, however, identify what seems to be the minimal empirical 
claim that a meaningfully serial model can adopt. This would not be a claim 
about the presence or absence of interactions, but about the sequential order- 
ing of communication between levels of the system. If a processing system 
depends on the serial operation of a sequence of autonomous processing 
components, and if these components include a syntactic processor, then 
there should be at least some measurable delay in the availability of proces- 
sing information that would derive from processing components situated later 
in the sequence than the syntactic processor. If relative delays of this type 
were to be found, then not only would this be strong evidence in favor of a 
serial theory, but also the timing of any such delays would help to determine 
the processing units at each level of analysis. 
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An alternative processing assumption 

The above discussion of the autonomy assumption serves to demonstrate the 
crucial importance of such assumptions for a processing model, and to pro- 
vide the context for the rather different processing assumptions made in the 
on-line interactive approach. This approach does not place any a priori limi- 
tations on the ways in which different knowledge sources can communicate 
during language processing. It assumes, instead, a more flexibiy structured 
processing system, such that analyses developed in terms of any one know- 
ledge source can, in principle, be made available to affect the operations of 
any other knowledge source. We exclude from this the basic acoustic-phone- 
tic analysis of the sensory input. It is implausible, for example, that an acous- 
tic-phonetic analyzer should need to, or would be able to, communicate or 
interact directly with a semantic analyzer. But the remainder of the proces- 
sing system, involving the lexical, structural, and interpretative aspects of lan- 
guage understanding, is assumed to allow free communication and interaction 
during the comprehension process. 

The reason for taking this approach is, first, a series of experiments, using 
the speech shadowing technique, which show that the listener can develop 
at least a preliminary syntactic and semantic analysis of the speech input 
word-by-word as he hears it (Marslen-Wilson, 1973; 1975; 1976; Note 1). 
These findings are inconsistent with the autonomy assumption, which places 
fixed constraints on the manner in which analyses can develop in time. The 
data suggest, instead, that the processing system should be organized so as to 
allow the properties of the input itself to determine how far its analysis can 
be taken at any particular moment. Given the recognition of a word, the 
structural and interpretative implications of this word-choice should be able 
to propagate through the processing system as rapidly and as extensively as 
possible. This means that an utterance can, in principle, be fully interpreted 
as it is heard (cf., Marslen-Wilson et al., 1978). Note that this is a claim about 
the possibilities for communication between knowledge sources, and not, in 
itself, for two-way interactions between them. 

The second type of reason for taking the present approach is, however, 
the evidence for a genuine interaction between sentential context variables 
and the process of spoken word recognition. Not only does the listener de- 
velop an interpretation of an utterance as he hears it, but also he is apparent- 
ly able to use this information to influence the recognition of subsequent 
words in the utterance. The evidence from close shadowers (i.e., subjects re- 
peating back the input at delays of around 250 msec) shows that context can 
control the listener’s lexical interpretation of the input very early on in the 
word-recognition process - in fact, within 200-250 msec of a word’s onset 
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(Marslen-Wilson, 1975). It is this type of result which leads to the claim that 
the local structure of processing permits contextual interactions with word- 
recognition decisions. 

These local and global structural claims are very general ones, and clearly 
need to be much more restrictively stated than the presently available data 
allow. The purpose of the research here, therefore, is to develop the basic data 
necessary for a fuller specification of an on-line interactive model. The exper- 
iments will, first of all, systematically examine the word-by-word time-course 
of the development of sentential analyses. Is there an intrinsic temporal or- 
dering in the availability across an utterance of processing information that 
would derive from different potential knowledge sources? If no ordering is 
observable, then how early in the analysis of an utterance do the distinguish- 
able types of processing information become available? The second purpose 
of the experiment is to examine the properties of the postulated interactions 
at the local structural level. Both these sets of questions will require, at each 
stage of the argument, a comparison with the claims of the autonomy as- 
sumption. To show that knowledge sources can communicate and interact 
freely means that one has to show that the connections between them are 
not restricted in the ways that the autonomy assumption would predict. 

The next section of the paper lays out the general form of the experiment. 
We will then go on to discuss in more detail the ways in which the experi- 
ment is responsive to the issues we have been raising. 

Measuring the local and global structure of processing 

Given that the experimental questions crucially involve the precise time- 
course of speech processing events, this requires us to track these processes 
in real time. The subject must be able to respond while the operations of in- 
terest are being performed, since a delayed measure cannot directly discrimi- 
nate between operations performed early or late in processing but before the 
point of testing. 

The present experiment, therefore, will use an on-line word-monitoring 
task, in which the subject listens to a sentence for a target-word specified in 
advance, and makes a timed response as soon as the target is detected. By 
placing the target at different serial positions in the test-sentences, and by 
varying both the structural properties of the sentences and the descriptions 
under which the targets are defined for the subjects, we can map out the 
time-course with which different forms of analysis become available to the 
listener at the local and global levels. 

The word-monitoring targets will occur in nine different serial positions in 
the test sentences, ranging from the second to the tenth word-position. This 
gives the spread of observations across a sentence that is needed to analyze 
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the global structure of processing. The further, critical, manipulations involve 
the prose contexts in which the words are heard, and the types of monitor- 
ing tasks the subjects are asked to perform. 

Each target-word will occur, between subjects, in three different types of 
prose context, labelled Normal Prose, Syntactic Prose, and Random Word- 
Order Prose. These prose contexts systematically vary in the extent to which 
they allow the development of different forms of sentential analysis during 
processing. In the Normal Prose condition, the test sentences are syntactical- 
ly and semantically normal. For example (target-word emphasized): 
(1) The church was broken into last night. Some thieves stole most of the 

lead off the roof. 
The use of two-sentence pairs means that the Normal Prose test-sentences 
also occur in the further context provided by the lead-in sentence (the test- 
sentences are always the second sentences in the pair). 

The Syntactic Prose version of sentence (1) is syntactically still interpret- 
able, but has no coherent semantic interpretation. In addition, the lead-in 
sentence does not provide an intelligible context for the test-sentence: 
(2) The power was located into great water. No buns puzzle some in the lead 

off the text. 
The Random Word-Order version of this is neither syntactically nor seman- 
tically interpretable: 
(3) Into was power water the great located. Some the no puzzle buns in lead 

text the off. 
Word-monitoring in Normal Prose should be facilitated by the presence of a 
syntactic and semantic interpretation, and this facilitation should differ 
across word-positions. Thus it will be possible to measure the parameters of 
this facilitation by comparing the serial response-curves for the three types 
of material. The curves for Syntactic and Random Word-Order Prose will 
diverge from the Normal Prose curves as a function of the on-line contribu- 
tion of syntactic and semantic information to the Normal Prose monitoring 
reaction-time - and, therefore, as a function of the global structure of on- 
going sentence processing. 

The possibility of delineating these global effects depends, however, on 
the local interactions of the monitoring responses with the overall context 
manipulations. To ensure that the appropriate interactions occur, and to cre- 
ate the necessary contrasts for the evaluation of questions about the local 
structure of processing, three different monitoring tasks are used. In each 
task the subject is asked to listen for a word target, but this target is specified 
to him in different ways. 

First, in the Identical monitoring task, the subject is told in advance exact- 
ly which word to listen for (in sentences (l)-(3) above, the target would be 
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specified as lead). This means that he is listening for a target that has been 
both phonetically and semantically defined. In the two additional monitor- 
ing tasks - Rhyme and Category monitoring - these two aspects of the tar- 
get definition are separated. In Category monitoring the subject is told to 
monitor for a target that is a member of a semantic category given in ad- 
vance. Thus, in sentences (l)-(3), where the target-word is lead, the subject 
would listen for it under the description a kind of metal. In Rhyme monitor- 
ing he listens for a phonetically defined target; for a word that rhymes with 
a cue-word given in advance. If the target was lead, then the cue-word could 
be bread. A rhyme-monitoring task is used here in preference to a phoneme- 
monitoring task, since this makes it possible to equate the targets in Rhyme 
and Category monitoring. In both cases the subject is listening for a target 
defined to him in terms of its attributes (phonetic or semantic) as a complete 
word. 

We will assume here that all three tasks involve word-recognition proces- 
ses, but that the Rhyme and Category monitoring tasks require a second 
stage, in which the attributes of the word that has been recognized are 
matched along the appropriate dimension with the attributes specified for 
the target. Identical monitoring is assumed not to involve a specific addition- 
al attribute-matching stage, since to recognize a word is also, in a sense, to 
match its attributes against those specified for the target. 

This means that the Identical monitoring task should be the most direct 
reflection of the timing of word-recognition processes, and of the postulated 
interaction of the different prose contexts with these processes. The function 
of the other two tasks (Rhyme and Category) will be to investigate, first, the 
order in which different types of information about a word are accessed dur- 
ing recognition, and, second, the ways in which the forms of analysis avail- 
able in the different prose contexts interact with these different aspects of a 
word’s internal representation. The autonomy hypothesis and the on-line 
interactive approach appear to make quite different predictions here. 

In general, however, the purpose of using these three different tasks is to 
be able to approach the issues we have raised from the perspective of several 
different experimental probes of on-line analysis processes, so as to develop 
as richly detailed a picture as possible of these processes. The various ques- 
tions these tasks allow us to ask are discussed in the next two sections. 

Local structural questions and predictions 

The timing of word-recognition processes 

The basic empirical question about word-recognition in different contexts is 
the timing of the context-effects that we are predicting. Thus, using the Iden- 
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tical monitoring task, and measuring latency from the onset of the target- 
word, the question is precisely when the response can be obtained relative to 
the temporal duration of the target-word in question. The significance of any 
contextual facilitation of monitoring responses will depend very much on 
where in time these responses can be located relative to the word-sized pro- 
cessing units with which we are presumably dealing. The shadowing data 
(e.g., Marslen-Wilson, 1975) suggest that context-effects should be detectable 
before all of a word has been heard. 

It is not altogether clear what predictions the autonomy assumption leads 
to here. Serial theories of word-recognition, chiefly reflecting the evidence 
from several studies of lexical ambiguity (e.g., Cairns and Kamerman, 1975; 
Foss and Jenkins, 1973; Swinney, in press),3 claim that the listener depends 
only on acoustic-phonetic information for his initial identification of a word. 
Semantic context could only operate later - for example, in helping the sys- 
tem to decide among the two or more readings of the word-choice selected 
at the first stage. Forster (1976) has made similar proposals, although basing 
his conclusions primarily on data derived from visual word-recognition 
studies.4 

This claim for the autonomy of lexical access should predict that Identical 
monitoring responses will not be affected by variations in prose context. And 
if no context effects are obtained, then this would indeed be strong evidence 
in favor of the autonomy assumption. But if context effects are obtained, 
there remains at least one loophole for the serial theorist. This is to argue 
that although lexical access is truly autonomous, the output of this process 
is not accessible for making a response until it has passed through some sub- 
sequent stages that involve contextual variables. A loophole of this type has 
already been used, in fact, to cope with the demonstrations that monitoring 
for a phoneme-target involves word-recognition processes, and is not normal- 
ly executed just on the basis of the acoustic-phonetic analysis of the input.’ 

3This evidence is itself not unambiguous. The studies here using the phoneme-monitoring task have 
become methodologically somewhat suspect (Cutler and Norris, 1979; Mehler, Segui and Carey, 1978; 
Newman and Dell, 1978). The lexical decision studies by Swinney (in press), while elegantly demon- 
strating that the contextually inappropriate meaning of a lexically ambiguous word is indeed moment- 
arily activated, do not thereby show that the original identification of the word was itself not affected 
by context. 

4We should stress here that our research is concerned, in the first instance, only with spoken lan- 
guage recognition processes. The processing of visible language may involve quite different relation- 
shi 

P 
s between stimulus and context variables. 

The early workusing the phoneme-monitoring response (e.g., Foss, 1969; 1970; Hakes, 1971) clear- 
ly was based on the assumption that the output of an acoustic-phonetic analysis (as the earliest stage 
in the serial sequence of autonomous processing stages) would be available independently of the inter- 
pretation of this output elsewhere in the system. 
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The problem with this type of escape-route is that it seems to render serial 
theories of word-recognition empirically empty. The theory predicts a certain 
strict ordering of processing events, but this ordering is claimed not to be ac- 
tually open to direct confirmation. In the present experiments, the plausibi- 
lity of this particular escape-route will, again, depend very much on the tem- 
poral relationships between monitoring responses and word-durations. In gen- 
eral, an autonomous access process seems to predict that a word cannot be i- 
dentified until the acoustic-phonetic information corresponding to that word 
in the sensory input has been analyzed, so that monitoring responses should 
tend to be rather longer than the durations of the target-words. 

Types of context effects 

A second question that can be answered here is whether there is any restric- 
tion on the type of contextual variable that can be shown to interact with 
word-recognition decisions. The on-line interactive approach assumes that 
there need be no such restrictions. It therefore predicts that Identical moni- 
toring responses in Normal Prose will be facilitated relative to Syntactic Prose 
because of the availability of a semantic interpretation of the Normal Prose 
test-sentences. Similarly, the syntactic analysis possible in Syntactic Prose 
should facilitate responses here relative to Random Word-Order Prose. 

In addition, the on-line interactive approach also allows for the possibility 
that the discourse context provided by the lead-in sentence in the Normal 
Prose conditions could affect word-recognition processes. Cole and Jakimik 
(1979) have recently reported some evidence to favor this possibility. The 
second experiment here will in fact directly investigate these between-sen- 
tence effects. 

Phonological and semantic analyses in word-recognition 

A powerful diagnostic for the presence or absence of contextual interactions 
with word-recognition processes should be the order in which different types 
of information about a word become activated. On the autonomy hypothesis, 
the semantic properties of a word are irrelevant to the primary process of 
word-identification, and should therefore only be accessed relatively late in 
processing. The on-line interactive approach, however, claims that semantic 
information about a word does become available early in the identification 
process, since semantic context is able to interact with this process. The con- 
trast here between Rhyme and Category monitoring allows us to discriminate 
between these two claims. 
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We assume that the Category monitoring response requires first identify- 
ing a word, and then matching the semantic attributes of this word against 
the attributes specified for the target. Analogously, Rhyme monitoring in- 
volves the matching of a word’s phonological attributes against those of the 
rhyme-target. This, of course, requires the further assumption that Rhyme 
monitoring will not be based just on a phonetic analysis of the input, avail- 
able independently of word-recognition processes. Such a possibility seems 
excluded by the evidence, from recent phoneme-monitoring studies, that 
phonemically or phonetically defined targets are normally responded to after 
lexical access, on the basis of the listener’s knowledge of the phonological 
properties of the word containing the target (cf., Cutler and Norris, 1979; 
Morton and Long, 1976).6 

Both the on-line interactive approach and a theory incorporating the auto- 
nomy assumption could claim that phonological information about a word 
will be activated early in word-recognition, as part of the process of match- 
ing the acoustic-phonetic input against possible word-candidates. But the 
autonomy assumption requires that this be the only aspect of a word’s repre- 
sentation that could be accessed at this point. It is claimed that the listener 
depends only on acoustic-phonetic variables for his initial identification of 
the word. 

This appears to require that Rhyme monitoring responses will always be 
faster than Category monitoring responses. The phonological information 
necessary for attribute-matching in Rhyme monitoring should be available at 
least as soon as the word has been identified. Whereas semantic attribute- 
matching, in Category monitoring, depends on a form of analysis of the word 
which could not even be initiated until after the word had been identified. 
Thus reaction-times in the two tasks should reflect the sequence in which 
different aspects of a word become relevant to the operations of successive 
autonomous processing components. 

According to the on-line interactive approach, word-identification involves 
an interaction between the acoustic-phonetic input and the syntactic and se- 
mantic context in which the word is occurring. These early contextual effects 
could only be possible if syntactic and semantic information was available 
about the word whose recognition the contextual inputs were helping to fa- 
cilitate. Accessing information just about the phonological properties of a 

‘Cutler and Norris (1979), as well as Newman and Dell (1978) in fact make a more complex claim: 
that phoneme-monitoring decisions depend on a race between two processes operating in parallel. One 
process operates on the phonetic analysis of the string, and the other on the phonological representa- 
tions of words in the mental lexicon. But this proposal is difficult to evaluate, since it is not clear which 
process will win under which conditions. 
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word would not provide a domain within which contextual criteria could 
apply. Thus, by the time a word had been identified, there should be no as- 
symmetry in the availability of semantic as opposed to phonological infor- 
mation about that word, and, therefore, no necessity that semantic attribute- 
matching decisions be delayed relative to phonological attribute-matching. 

However, this prediction only holds for the Normal Prose conditions. In 
Syntactic Prose and Random Word Order there is no semantic interpretation 
of the input which could usefully interact with word-recognition processes. 
In fact, the semantic attributes of words will be irrelevant to their identifi- 
cation in these contexts. Thus semantic attribute-matching here would depend 
on a form of analysis of the word-targets that should not begin until after 
the words had been recognized. But Rhyme monitoring should be relatively 
much less impaired, since it depends on a form of analysis that will be in- 
volved in the processes of word-recognition in the same ways in all three prose 
contexts. 

It is difficult to see how the autonomy assumption could predict this 
further interaction between prose contexts and the relative differences be- 
tween Rhyme and Category monitoring. Whatever the processes that make 
available the syntactic and semantic properties of a word, they should operate 
prior to the intervention of syntactic and semantic processors. Otherwise sen- 
tence processing would not be the strictly bottom-up process that the auto- 
nomy assumption requires. Thus the presence or absence of a semantic or 
syntactic context should not affect the availability of the information needed 
for semantic attribute-matching. 

The properties of sensory/contextual interactions 

The issue here is how, and whether, contextual variables affect the listener’s 
utilisation of the sensory (acoustic-phonetic) inputs to the word-recognition 
process. This question can be examined here because the same test-words will 
occur, across subjects, in each of the three prose contexts. This means that 
we can evaluate the ways in which the same acoustic-phonetic inputs, map- 
ping onto the same locations in the mental lexicon, are treated by the recog- 
nition system under different conditions of contextual constraint. The cen- 
tral claim of the autonomy hypothesis is that this mapping process is con- 
ducted in isolation from contextual variables. If this is so, then the dependen- 
cy between reaction-time and variations in the sensory input should be unaf- 
fected by differences in prose contexts. 

The particular dependency we will exploit here is the relationship between 
reaction-time and the durations of the words being monitored for. The dura- 
tion of a word measures the amount of time it takes for all of the acoustic- 
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phonetic information corresponding to a word to be heard. To the extent 
that all of this information is necessary for word-identification, then re- 
sponse-time should increase with increasing word-length. The autonomy hy- 
pothesis requires that, whatever the correlation actually obtained between 
these two variables, this correlation should be constant across prose-contexts. 
It also requires that the slope of this relationship between word-length and 
reaction-time should be constant. This second claim is critical, since, accord- 
ing to the logic of the additive-factors method (e.g., Sternberg, 1969), the 
assumption of successive autonomous stages in a psychological process is only 
required if the contributions of these two stages to response-latencies are ad- 
ditive. Additivity, in the present situation, means that the slopes of the re- 
gressions of reaction-time on word-length should be parallel across prose-con- 
texts. 

The on-line interactive approach claims, in contrast, that sensory and con- 
textual inputs are integrated together at the same processing stage to produce 
the word-recognition response. This means that the stronger the contextual 
constraints, then the less the dependence of the word-identification decision 
upon acoustic-phonetic information. Thus the correlation between word-du- 
ration and response-time should differ across prose-contexts, and the slope 
of this relationship should also change. In Normal Prose, where the contextu- 
al constraints are potentially strongest, the dependency between monitoring 
reaction-time and wordduration will be weakest. But in the other prose con- 
texts the acoustic-phonetic input will be a more important source of infor- 
mation, so that the correlation with word-length will be larger, and the slope 
of the relationship will be steeper. If these predictions are fulfilled, then the 
contributions of sensory and contextual variables will not be strictly additive, 
so that we will be permitted to assume that they interact at the same stage in 
processing (cf., Meyer, Schvaneveldt and Ruddy, 1975). 

Global structural questions and predictions 

The issues here are much more straightforward, since we are not trying to test 
for the presence of an interaction between different types of processing in- 
formation. The problem here is to determine when different forms of anal- 
ysis of the input become available to the listener - although, of course, the 
possibility of tracking these processes does itself depend on the correctness 
of the on-line interactive claim that global analyses interact with word-recog- 
nition decisions. 

The three prose contexts used here distinguish, broadly, between two types 
of sentential analysis - the semantic interpretation of an utterance, and its 
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syntactic analysis. Given the usual separation of processing functions in a 
serial processing model, there should be at least some temporal delay in the 
relative availability of these two types of analysis. In terms of the effects over 
word-positions in the present experiment, the serial-position curves for Syn- 
tactic Prose and Normal Prose should start to separate from the Random 
Word-Order curves first. At some later point the Normal Prose curves should 
start to separate from the Syntactic Prose curves, as a semantic analysis starts 
to become available. Because of the indeterminacy of the syntactic proces- 
sing unit, recent serial models do not make precise predictions about when 
these different effects should be detectable; they predict only that there 
should be some relative delay. 

The on-line interactive approach claims that the syntactic and the semantic 
implications of a word-choice become immediately available to all relevant 
parts of the processing system, so that there is no reason to predict an intrin- 
sic delay in the availability of one type of sentential analysis rather than 
another. Note that the use of the three prose contexts does not commit us to 
the claim that there are separate syntactic and semantic processing compo- 
nents, each constituting a separate computational level of the system. The 
experiment only requires the assumption that the types of analysis distin- 
guished by the three prose types correspond to distinctions between mental 
knowledge sources - that is, between the specifically linguistic knowledge 
involved in the structural analysis of linguistic sequences, and the types of 
knowledge (not necessarily linguistic in nature) that are involved in the furth- 
er interpretation of these sequences. We will leave for later discussion the 
question of how these different knowledge sources might or might not cor- 
respond to distinct levels of representation in the language understanding 
process. 

Finally, there is the question of how the three monitoring tasks might 
differ in their interactions over word-positions with prose context. The Iden- 
tical and Rhyme monitoring tasks should behave in the same way. The effects 
of global processes will be detectable in each case via their interactions with 
the word-recognition process. The additional phonological attribute-match- 
ing process in Rhyme monitoring can be assumed not to interact with con- 
text, and should simply increase monitoring latency by some constant 
amount. 

The Category monitoring task allows for one additional test of the ordering 
of processing events. The availability of a semantic interpretation in Normal 
Prose should facilitate the semantic attribute-matching stage in this task, 
while not affecting attribute-matching in Rhyme monitoring. Thus, to the 
extent that there is any delay in the availability of a semantic interpretation 
of an utterance, then this extra facilitation of Category monitoring, relative 
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to Rhyme monitoring, should only be detectable later in the sentence. This 
would mean that the word-position effects for Rhyme and Category moni- 
toring should differ early in the test-sentence. 

Overview 

The proposed experiment combines an investigation of the global temporal 
ordering of language understanding processes and of the local temporal struc- 
ture of interactions during word-recognition. We do this by fitting together 
three prose contexts, which vary the availability of syntactic and semantic 
processing information over nine word-positions, and three monitoring tasks, 
which themselves vary in their dependence on different types of analysis of 
the target-words. The combination of the two sets of questions seems un- 
avoidable, since investigating the one requires a theory of the other, and ade- 
quate theories of either are not presently available. One reason for this lack 
may be precisely because questions about local and global processing issues 
have not been studied in the context of each other in quite the way we are 
proposing to do here. 

The rest of this paper will be organized as follows. The results and discus- 
sion sections following the main experiment will be separated into two parts 
with the first part dealing only with local structural issues. We need to de- 
monstrate the appropriate effects at this level before being able to interpret 
the results at the global level. In particular, it will be necessary to show how 
word-identification processes, as measured here in the word-monitoring tasks, 
interact with the syntactic and semantic interpretation of an utterance. The 
second part of the results and discussion will deal with the implications of 
the word-position effects for the global ordering of language understanding. 
This will lead to a second experiment, examining the between-sentence ef- 
fects (due to the lead-in sentence in Normal Prose) that were observed in the 
main experiment. This will be followed by a general discussion of the impli- 
cations of the complete global and local structural results for an on-line inter- 
active model of spoken language understanding. 

Experiment 1 

Method 

Subjects 
The subjects were 45 students at the University of Chicago, drawn from a 

volunteer subject pool, and paid for their participation. 
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Materials and Design 

The primary stimulus set consisted of 81 pairs of Normal Prose sentences, 
with the second sentence of each pair containing a monitoring target-word. 
The 8 1 target-words were selected from the Battig and Montague (1969) cat- 
egory norms under the following constraints. Each word was required to be a 
frequent response to the category label in question, with high frequency de- 
fined as being either among the ten most common responses or as being 
chosen by at least 30% of the respondents. Words from a total of 23 different 
taxonomic categories were selected. Each target-word was also required to 
have at least four readily available rhymes. One-syllable words were used, with 
four exceptions, where two-syllable words were chosen. 

The target-words were randomly assigned to one of nine word-positions, 
such that nine targets appeared in each serial position from the second to the 
tenth word of the second test sentence in each pair. The Syntactic Prose test- 
sentences were constructed directly from the Normal Prose sentences by 
pseudo-randomly replacing all content-words (except the target-words) with 
new words of the same form-class and word-frequency, such that the result- 
ing sentence had no coherent semantic interpretation. The Random Word- 
Order sentences were constructed from the Syntactic Prose sentences by 
scrambling their word-order, while keeping the serial position of the target- 
words unchanged. The sentences were scrambled in such a way that the same 
words (though in different orders) preceded the target-word in the Random 
Word-Order and the Syntactic Prose versions of each sentence. An example 
of one of the resulting triplets of test-sentences was given earlier, in the In- 
troduction (see p. 8). 

Three tapes were then recorded, each containing 81 of the 243 test-sen- 
tences. Each tape contained only one occurrence of each target-word, in one 
of its three prose contexts (Normal Prose, Syntactic Prose, or Random Word- 
Order). The tapes were further arranged so that each tape contained 27 test- 
sentences of each prose type, with three targets within each prose type occur- 
ring at each of the nine word positions. The order of presentation of the test- 
sentences (with their respective targets) was the same in all three tapes, with 
different prose-types and word-positions distributed pseudo-randomly across 
the entire tape. The materials were recorded by a female reader, at a rate of 
160 words per minute. The reader did not know the nature of the experi- 
ment, nor which words were targets. 

In addition, three sets of instruction booklets were constructed, which in- 
formed the subject, before each trial, what kind of prose-type he would be 
hearing, what the monitoring task would be, and what the cue-word was. 
There were three monitoring tasks: Identical, Rhyme, and Category monitor- 
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ing. In Identical monitoring the cue-word was the actual word the subject 
was to listen for. In the examples given earlier, the Identical cue-word was 
LEAD. In Rhyme monitoring, where the subject listened for a word that 
rhymed with the cue-word, the cue-word in the sample case would be 
BREAD. the cue-words and their target rhymes were, intentionally, not 
always orthographically identical (e.g., STREET as a cue for WHEAT). In 
Category monitoring, where the subject listened for a word that was a mem- 
ber of a taxonomic category, the cue-word would specify the category in 
question. In the present example, the cue-word was METAL. 

So that each target-word would be tested, across subjects, under all three 
monitoring conditions, three sets of instructions for each target were neces- 
sary. The combination of tapes and instructions produced nine experimental 
conditions, so that a block of nine subjects would hear each target-word, in 
one of nine word-positions, in all nine combinations of prose context by 
monitoring task. The target-words, therefore, were fully crossed by Prose 
Context and by Monitoring Task, but were nested with respect to Word-Posi- 
tion. This design fully counter-balances for word and subject effects at the 
level of Context and Task, but is only partially balanced at the level of Word- 
Position, since each word-position contains nine words that do not occur in 
any other position. However, within each word-position, the same words oc- 
cur in all combinations of Context and Task. 

The additional variable of word-length - that is, the temporal duration of 
the target-words - was not manipulated directly. The large number of differ- 
ent words used assured a reasonable range of variations in duration, and this 
was assumed to co-vary randomly with the experimental factors of Word-Po- 
sition, Task and Context. 

To allow measurement of monitoring reaction-time, timing-pulses were 
placed on the second channel of the tape, so as to coincide with the onset of 
the target-word in the test-sentences. They consisted of a high-amplitude rec- 
tangular pulse, at 1300 Hz and of 30 msec duration, and were not heard by 
the subjects. The location of the timing-pulses was checked on a dual-trace 
storage oscilloscope, and was accurate to within + 10 msec. During testing, 
the pulse started a digital millisecond timer, which was stopped by the sub- 
ject’s detection response (pressing a telegraph key). 

A further set of 18 sentences was also constructed, to serve as practice ma- 
terials for the subjects. These contained examples of all Prose by Task condi- 
tions. 

Procedure 

The subjects were first read a comprehensive set of instructions, describing 
the experimental situation and the different types of monitoring tasks and 
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prose contexts they would encounter, illustrated with examples. It was em- 
phasized in the instructions, and during the practice session, that they should 
not try to guess the category of rhyme words in advance. They were told to 
respond as quickly and accurately as they could. 

Each subject was tested separately in an IAC sound-attenuated booth. They 
heard the stimulus materials over headphones as a binaural monophonic sig- 
nal, and responded to the target-words by pressing a telegraph key. There was 
a two-way voice communication channel open between the subject and the 
experimenter. To make sure that the subjects had read the instructions for 
each trial correctly, they were required to read aloud the contents of the re- 
levant page of the instruction booklet before each trial started. For example, 
the subject would read aloud “Normal Prose; Rhyme; Bread”. The subjects 
were told never to turn the page of the booklet onto the next set of instruc- 
tions until the test-sentence they were hearing was completed. Thus once the 
subject was familiar with the situation, the sequence of events would be as 
follows. At the end of each test-sentence, the subject turned to the next page 
in the booklet and immediately read aloud the instructions. If he had done 
so correctly, and had not, for example, mispronounced the cue-word or mis- 
sed out a page, then the next test-sentence followed at once. 

Each experimental session lasted about 35 minutes, with a short break 
after every 30 trials to change instruction booklets. None of the subjects 
seemed to have any difficulty in performing the experiment, or in dealing 
with the variations in monitoring task and prose context. 

Part I: The Perception of Words in Sentences 

Results 

Effects of listening task and prose context 

The overall means for the nine Prose Context by Task conditions, summed 
over word-positions, are given in Table 1. The relationships between these 
means can be seen more readily in Figure I. 

Separate analyses of variance on subjects and on words were computed, 
using the untransformed monitoring reaction-times, with missing observations 
(less than 2%) replaced. Min F’ values were derived from these two analyses. 
All statistics reported are reliable at the 0.05 level unless otherwise noted. The 
main effect of Prose Context was strongly significant (Min F’ (2,226) = 
72.9 17). Targets in Normal Prose, with an overall reaction time of 373 msec, 
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Table 1. Experiment 1. Mean Monitoring Reaction-times (msec): By Prose Context 
and Mono toring Task. 

Monitoring Task 

Prose Context Identical Rhyme Category 

Normal Prose 213 419 428 

Syntactic Prose 331 463 528 

Random Word-Order 358 492 578 

Each value is the mean of 405 observations. Overall standard error = 8.75 msec. 

were responded to faster than targets in Syntactic Prose (441 msec) or in 
Random Word-Order (476 msec). A planned contrast showed the difference 
between Syntactic Prose and Random Word-Order to be significant (Min F’ 
(1,226) = 16.262). 

These results confirm, first of aII, the basic hypothesis that the monitoring 
task is sensitive to both syntactic and semantic context variables. Reaction- 

Figure 1. Experiment 
task. 

600 

550 
” 

: 500.- 
5 

‘; 450.. 

9 z 400.- 

P 
2 350.. 

B 
5 300.. 

2 250- 

1 : mean monitoring latencies, by Prose Context and Monitoring 

I 

Of I 

IDENTICAL RHYME CATEGORY 

MONITORING TASK 



The temporal structure of spoken language understanding 21 

times are fastest when both syntactic and semantic information are present, 
but are still significantly facilitated even when semantic constraints are absent 
and only syntactic information is available. The facilitation due to the pre- 
sence of a semantic level of interpretation (the advantage of Normal over 
Syntactic Prose) is twice as large (68 versus 35 msec) as the facilitation due 
to the presence of a syntactic analysis alone (Syntactic Prose versus Random 
Word-Order). 

The second significant main effect, of Monitoring Task (Min F’ (2,226) = 
285.370), reflects the large overall differences between Identical monitoring 
(321 msec), Rhyme Monitoring (458 msec), and Category Monitoring 
(5 11 msec). There was also a significant interaction between Monitoring Task 
and Prose Context (Min F’ (4,462) = 5.998). This reflects the differing effects 
of Task across the three Contexts. 

The effects of Prose Context are very similar across the Identical and 
Rhyme Monitoring conditions, with the increase in monitoring reaction-time 
for the three contexts ranging from 132 to 146 msec. The comparison be- 
tween Rhyme and Category is more complex. The two tasks do not differ in 
overall reaction-time under the Normal Prose condition, whereas Category 
Monitoring is much slower than Rhyme Monitoring in Syntactic Prose and 
Random Word-Order, with increases of 65 and 86 msec respectively. This 
pattern is confirmed by pair-wise comparisons between the nine individual 
means, using the Newman-Keuls statistic, and incorporating an error term 
derived from the appropriate Min F’ ratio. For all except three cases the 
means were significantly different from each other at well beyond the 0.01 
level. The 27 msec difference between Syntactic Prose and Random Word- 
Order Identical, and the 29 msec difference between Syntactic Prose and 
Random Word-Order Rhyme, were both significant at the 0.05 level. The 
9 msec difference between Normal Prose Category and Rhyme fell far short 
of significance. Thus the semantically based decisions required in Category 
monitoring need take no longer than the phonologically based decisions re- 
quired in Rhyme monitoring. But this only holds for Normal Prose, where 
there is a semantic context with which the identification of the target-word 
can interact. 

Effects of word-length 

The second aspect of the results that is relevant to the local structure of pro- 
cessing concerns the effects of word-length on monitoring reaction-time. The 
81 target-words each appeared in all three prose contexts. The length of the 
words in milliseconds was measured for each occurrence, using a storage os- 
cilloscope. There were small but consistent differences in mean length be- 
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tween words said in Normal Prose, which had a mean length of 369 msec, and 
words in Syntactic Prose (384 msec) and in Random Word-Order (394 msec). 
An analysis of variance on the word-lengths showed this difference to be sig- 
nificant (F (2,144) = 5.5 19), although none of the overall means differed 
significantly from each other. There was no effect of Word-Position on word- 
length (F < l), nor an interaction between Prose and Word-Position (F < l).’ 

The first point about these measurements of word-length is that the mean 
durations of the words in each prose context are clearly longer than the mean 
Identical monitoring latencies in each context. Secondly, the relationship be- 
tween word-length and reaction-time can be shown to change as a function 
of prose context. The results of a detailed analysis of this relationship are 
given in Table 2. In this analysis the mean reaction-times for each word were 
sorted according to the temporal duration of the word. The range of word- 
lengths covered 300 msec, from 220 to 520 msec (the four two-syllable 
target-words were not included in this analysis). The mean pooled reaction- 
times were then computed for all the words falling into each successive 20 
msec time-interval (from 220 to 520 msec). A regression analysis was then 
carried out on the means derived in this way. Table 2 gives the slopes and 
correlation coefficients for each of the three prose contexts. 

There are significant overall effects of word-length in all contexts, and 
these effects differ across contexts. To the extent that a prose context makes 
semantic and syntactic information available for interaction with word-recog- 
nition decisions, so the dependency between monitoring reaction-time and 
word-length appears to diminish. Thus the weakest effects are in Normal 
Prose, where word-length accounts for only 32% of the variance. a The slope, 
of +0.22 msec, indicates that for every one msec increase in word-length 
there will be a 0.2 msec increase in reaction-time. Over the 300 msec range 
of word-durations, this would lead to a total word-length effect of 65 msec. 
The correlation with word-length is somewhat stronger in Syntactic Prose 
with 53% of the variance accounted for, and with a slope of +0.27. This 
would produce an overall effect of about 80 msec. Much the strongest effects 
are in Random Word-Order, with 87% of the variance accounted for, and a 
slope of +0.49 - leading to a total effect of 145 msec over the entire range 
of word-durations. The slopes for all three prose contexts are significantly 
different from zero, and the Normal Prose (t (26) = 2.530) and the Syntactic 

‘As a further precaution, we also ran an analysis of co-variance, repeating the earI:er analyses of re- 
action-time but with word-length entered as a co-variate. The adjustment for word-length made very 
little difference to the means, and did not affect the statistical comparisons between them. 

slIre square of the correlation coefficient gives the percentage of the variance of the raw monitor- 
ing latencies that is accounted for by the linear effects of word-length. 
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Table 2. Experiment 1. Monitoring Reaction-time and Word-Length: Regressions on 
Raw and Smoothed Means (by Prose Context) 

Prose Context 

Normal Prose Syntactic Prose Random Word-Order 

Raw Means Analysis 
I= +0.57 +0.73 +0.93 
b= +0.22 +0.27 +0.49 

Smoothed and Raw 
Means Analysis 

I= +0.77 +0.89 +0.96 
b= +0.21 +0.28 +0.48 

r = correlation coefficient, b = slope in msec (n = 15). 

Prose (t (26) = 2.400) slopes are both significantly different from the Ran- 
dom Wordarder slope. It is clear that the interactions between word-length 
effects and prose contexts are not strictly additive. 

In addition to the analyses on the raw means, we also took the precaution 
of computing regressions on a moderately smoothed version of the data, using 
a smoothing method (running medians followed by running means) recom- 
mended by Tukey (1972; Wainer and Thissen, 1975).9 The procedure fol- 
lowed was to produce fully smoothed means, and then to combine the raw 
and the smoothed sets of means. The outcome of the regression analyses 
based on these combined curves are also given in Table 2. The close similari- 
ty between the slopes estimated by the two methods indicates that the esti- 
mates are satisfactorily robust. 

Individual analyses were also carried out for each of the nine combinations 
of monitoring task by prose context conditions. The pattern of differences 
found for the overall means holds for each of the monitoring tasks as well. In 
each case the slope is shallowest in Normal Prose, about 30% steeper in Syn- 
tactic Prose, and twice as steep in Random Word-Order. 

Error rate 

The error rate in the experiment was very low, with an overall level of 1.3% 
(counting failures to detect the target and responses to the wrong word). As 

‘The reason for doing this is the notorious sensitivity of linear regression to outlying values (cf., 
Wainer and Thissen, 1976). The presence of just one or two outliers can have disproportionate effects 
on the outcome of a regression analysis. Since the questions we are asking here depend on the accura- 
cy with which the slopes of the regression lines are estimated, it seemed important to make sure that 
these estimates were robust. 
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far as the small numbers involved allow any firm conclusions, the error-rate 
increases with mean reaction time. The error-rate was especially low in Iden- 
tical monitoring (less than 0.5%). 

Discussion 

The claim we are testing in this part of the experiment is whether or not 
spoken word recognition involves a direct interaction between the sensory 
input and contextual constraints. The combination of monitoring tasks and 
prose contexts allowed a number of tests of this claim, and in each case the 
results favored the interactive analysis of word-recognition processes. Both 
syntactic and semantic context facilitate monitoring responses, reaction-times 
in Identical monitoring are considerably shorter than the durations of the 
target-words, semantic attribute-matching is not necessarily delayed relative 
to phonological attribute-matching, and the changes in the effects of word- 
length across prose-contexts indicates that sensory and contextual inputs 
interact at the same stage in processing. 

These results will now be discussed in more detail, from the point of view 
of their implications for a more precise statement of an interactive model of 
spoken word recognition. We will do this in the context of an analysis of the 
three monitoring tasks. The results will be shown to support our assumption 
that all three tasks have in common the same initial word-identification stage, 
followed in Rhyme and Category monitoring by an attribute-matching stage. 
Identical monitoring appears not to require such a second stage, so that this 
task will provide the most direct information about the temporal structure 
of the operations of the first, word-recognition stage. 

The Rhyme and Category tasks will provide a somewhat different kind of 
information about spoken word-recognition. What they reflect are the quali- 
tative properties of the kinds of internal representation that are activated 
when a word is being recognised. In particular, whether the immediately 
available lexical representation includes information about the semantic pro- 
perties of the word. 

The relationship between word-monitoring and word-recognition 

Iden tical monitoring 

The assumption in using this task was that it would be a relatively pure re- 
flection of word-recognition processes. We need to defend this assumption 
against two possible objections; first, by showing that the task did indeed 
involve recognizing the word specified as the target. 
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Response latencies in Identical monitoring were surprisingly short relative 
to the durations of the target-words. In Normal Prose, for example, the mean 
monitoring latency was 273 msec, which is 94 msec shorter than the mean 
duration of the targets. If, in addition, we estimate the time for response exe- 
cution to be of the order of 50-75 msec, lo then in Normal Prose the subject 
begins to execute the response after only having heard about 200 msec of the 
input corresponding to the target-word. This means that the subjects were 
responding after they could only have heard the first two or three phonemes 
of the word. But even so it is quite clear that they were not treating Identical 
monitoring as a phoneme-monitoring task. 

First, the reaction-times here were much faster than those observed in true 
phoneme-monitoring tasks. In experiments where phoneme-targets are moni- 
tored for in sentence contexts, the latencies fall into the range of 450-500 
msec (e.g., McNeil1 and Lindig, 1973; Morton and Long, 1976). Secondly, 
Identical monitoring is significantly affected by prose context, with the 
largest difference being between Normal and Syntactic Prose. It is difficult 
to see how semantic constraints could affect the detection of a phoneme per 
se. 

A second potential worry about the Identical monitoring task is that the 
listener’s advance knowledge of the target-word could in some way enable 
him to seriously alter or even circumvent normal word-recognition proce- 
dures. But this seems excluded on two grounds. 

First, there is the general point, drawn from recent phoneme-monitoring 
studies, that the listener can only have immediate access to the sensory input 
in the context of its apparently obligatory lexical interpretation (when it can 
be so interpreted). This means that knowing the target in advance could not 
enable the listener to match the input against the target in some way which 
avoided the initial word-recognition process. 

The second point is that when word-recognition is studied under condi- 
tions where no advance information at all is given, then words seem to be re- 
cognized just as fast as in Identical monitoring, and equivalent effects of se- 
mantic context are obtained. The task in question is speech shadowing, in 
which some subjects can repeat back normal prose materials accurately and 
clearly at response delays of 250-275 msec (Marslen-Wilson, 1973; 1975; 

t ‘By “response execution” we mean the component of the reaction-time that involves deciding to 
make a response and performing the actions required. It is difficult to find a clear estimate of the dura- 
tion of this component. The conservative value we have chosen here (SO-75 msec) is not especially cri- 
tical, and could be changed in either direction without affecting our arguments. If, for example, re- 
sponse execution requires as much as 125 msec, then this would only strengthen our claims for the 
earliness of word-recognition. If the estimate is reduced, say to an implausible 25 msec, this still means 
that words are being recognized well before all of them could have been heard. 
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Note 1). Again allowing about 50-75 msec for response integration and exe- 
cution, this level of performance also indicates that words in sentence con- 
texts are being correctly identified within about 200 msec of their onset. 
Furthermore, when these close shadowers are given passages of Syntactic 
Prose to shadow, their mean latencies increase by about 57 msec (Marslen- 
Wilson, Note 1) - a value which is similar to the 58 msec increase found here 
for Identical monitoring in Syntactic Prose. 

This shadowing evidence, and the arguments presented earlier, lead to the 
conclusion that Identical monitoring not only does reflect word-recognition 
processes, but does so in a relatively normal manner. We will assume that the 
same type of word-recognition process underlies performance in the other 
two monitoring tasks. 

Rhyme monitoring 

On the analysis assumed here, this task involves two response stages. First, the 
word needs to be identified, and the speed of this decision is affected by the 
degree of constraint provided by the prose context. The task then requires an 
additional attribute-matching stage which adds an average of 137 msec to the 
response latencies (relative to Identical monitoring). In the matching process, 
the subject has to obtain access to his internal representation of the word at 
the level of description specified for the target - in this case, the phonologi- 
cal properties of the terminal segments of the word. 

Phonological attribute-matching takes the same amount of time in all prose 
contexts. The increase from Identical to Rhyme is 146 msec in Normal Prose, 
134 msec in Random Word-Order, and 132 msec in Syntactic Prose. Thus 
whatever advantages accrued to Normal and Syntactic Prose contexts in Iden- 
tical monitoring are transferred essentially unchanged to the Rhyme moni- 
toring situation. These are the differential advantages that would derive from 
the presence or absence of syntactic and semantic facilitation of word-iden- 
tification decisions. 

The Rhyme monitoring results are also evidence for a word-identification 
stage of the same order of rapidity as that postulated for Identical monitor- 
ing. In Normal Prose the mean Rhyme monitoring latency is 419 msec. Since 
the mean word-length in Normal Prose is 369 msec, this means that the sub- 
jects are making their responses within 50 msec after the end of the word. 
Assuming that response execution takes about 50-75 msec, this implies that 
the subjects were completing the attribute-matching process even before they 
had heard all of the word. 

The most reasonable explanation for this in the present context is that 
they, in some sense, knew what the word was (and, therefore, how it would 
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end) relatively early in the word. Thus they could go ahead and begin the 
matching process independently of when the physical input corresponding to 
the rhyming syllable was actually heard. The alternative explanation - that 
the subjects were matching at a sublexical level, segment-by-segment as the 
word was heard - can be excluded for the same reasons as this kind of expla- 
nation was excluded in Identical monitoring. It provides no basis for the dif- 
ferential effects of prose context on performance in the task, nor for why 
ithe size of these differences should be the same in both Identical and Rhyme 
monitoring. 

The Rhyme monitoring task, therefore, corroborates the analysis of the 
time-course of word-identification that was derived from the Identical moni- 
toring results. It also supports the assumption that information about the 
phonetic properties of spoken words is not directly available for a subject’s 
response independently of the lexical interpretation of the input. Finally, the 
task provides a base-line for comparison with the Category monitoring task, 
which depends on access to the semantic rather than the phonological pro- 
perties of the target. 

Category monitoring 

Unlike Rhyme monitoring, both response stages in Category monitoring in- 
teract with prose context. The word-identification stage is assumed to be si- 
milar to that in Rhyme and Identical, and to be facilitated in the same ways 
by contextual variables. The attribute-matching stage involves finding out 
whether the semantic properties of the word being identified match the se- 
mantic category specified for the target. Unlike phonological attribute-match- 
ing, this process is strongly facilitated by semantic context, as is shown by the 
increase in the difference between Normal Prose and the other two contexts. 
Comparing Rhyme monitoring with Category monitoring, the advantage of 
Normal over Syntactic Prose increases by 66 msec, and of Normal Prose over 
Random Word-Order by 77 msec. 

The results also show that semantic information about a word must be 
available very early in processing, in a normal sentence context. The mean 
Category monitoring response latency in Normal Prose is 428 msec, which is 
only 59 msec longer than the mean duration of the word-targets. Thus, just 
as in Rhyme monitoring, the attribute-matching process must have been 
started well before all of the word had been heard. 

This is exactly what the on-line interactive analysis of word-recognition re- 
quires. If semantic context is to affect word-recognition decisions, then it 
must do so on the basis of the match between the requirements of semantic 
context and the semantic properties of potential word-candidates. It is this 
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early accessing of semantic information that makes possible the rapid moni- 
toring decisions obtained here. And the parallel between the Rhyme and Ca- 
tegory monitoring results in Normal Prose shows that no special temporal 
priority should be assigned to the phonological rather than the semantic pro- 
perties of words being recognized in normal sentence contexts. 

Implications for an interactive spoken-word recognition theory 

Perhaps the most informative aspect of the results is the evidence (together 
with the shadowing data) that they provide for the earliness of word-recog- 
nition in normal sentence contexts. In the Normal Prose conditions the sub- 
ject is initiating his Identical monitoring response after he has only heard the 
first 200 msec of the word. With a mean word-length of 369 msec in Normal 
Prose, the subject is responding well before he has heard the whole word. This 
finding, taken together with the evidence for contextual interactions with 
these early recognition decisions, and the failure of additivity for the word- 
length/prose-context interaction, places strong constraints on the possible 
functional structure of the spoken-word recognition system. 

If facilitatory context-effects are found in a word-recognition task, then 
this means that, at some point in the lexical access process, the listener’s inter- 
nally represented knowledge of the situation in which the word occurs is able 
to interact with this process. The central requirement of the autonomy hypo- 
thesis is that this interaction takes place after the correct word has been ac- 
cessed. A word-candidate is selected on the basis of acoustic-phonetic infor- 
mation alone, and only then may be checked against the requirements of 
context (e.g., Forster, 1976). The evidence for the earliness of word-recogni- 
tion seems incompatible with this type of model. The word is recognized so 
early that it is difficult to see how sufficient acoustic-phonetic information 
could have accumulated to allow a unique word-candidate to have been se- 
lected. 

The first 200 msec of a word would correspond, in general, to the first two 
phonemes of the word. It is possible to compute the number of words in the 
language that are compatible with any given initial two-phoneme sequence. 
Thus there are, for example, about 35 words in American English that begin 
with the sequence /ve/ (Kenyon and Knott, 1953). For the 81 words used as 
targets in the present study, the median number of words possible for each 
initial sequence was 29. A selection process operating solely on the acoustic- 
phonetic input would indeed have only a small chance of selecting the single 
correct word-candidate. 

These arguments lead, then, to a recognition system in which the acoustic- 
phonetic input can be consistent with a range of possible word-candidates at 
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the moment of recognition, and where, evidently, it is contextual factors that 
allow a single word-candidate to be selected from among these candidates. 
The properties of the interaction between word-length effects and prose-con- 
texts further require that contextual and sensory inputs interact continuous- 
ly at the same stage of processing, and that the interactions are not mediated 
by a discontinuous, two-stage model. 

A discontinuous model could maintain the autonomy of an initial selec- 
tion process (although giving up the claim that the word was the processing 
unit) by assuming that a pool of word-candidates is activated at the first stage 
on the basis of the acoustic-phonetic properties of the input. At the second 
stage a set of contextual criteria would be applied to select a single choice 
from among this initial pool. Thus the contributions of sensory and contex- 
tual criteria would still be serially ordered, with the contribution of the one 
terminating before the arrival of the other. This type of model seems to be 
the last refuge of the autonomy hypothesis. 

Both the changing effects of word-length, and more general considerations, 
argue against this type of solution. The increasing slopes of the regressions on 
word-length (Table 2) clearly reflect the increasing dependency of the recog- 
nitiondecision upon acoustic-phonetic information as the available contex- 
tual inputs diminish. But on a two-stagFmode1 the contribution of acoustic- 
phonetic information should remain constant. The subsequent context-driven 
decision process might vary in speed as a function of prose-context, but the 
basic relationship between acoustic-phonetic variables and the recognition 
decision should still have the same slope. 

This signals a more general problem for any two-stage model with an auto- 
nomous first stage: it is in principle not equipped to vary the amount of 
acoustic-phonetic information that is input to the recognition process. But 
it is clear that, as contextual constraints vary, so too will the amount of sen- 
sory information that is necessary to reach a unique word-choice. This applies 
not just to the large variations across prose contexts here, but also to the in- 
trinsic variation in the constraints on words at different points in natural ut- 
terances. The only way a two-stage model could deal with this would be to 
allow a return to the first stage whenever the contextual selection process 
failed to achieve a unique selection from among the first set of word-candi- 
dates. But this would violate the autonomy assumption, which was the only 
motivation for proposing this two-stage model in the first place. 

These arguments bring us to the point where we will have to turn to a quite 
different type of processing model. That is, a distributed processing model in 
which recognition is mediated by a large array of individual recognition ele- 
ments, each of which can integrate sensory and contextual information in 
order to determine whether the word it represents is present in the signal. 



30 William Marslen-Wilson and Lorraine Komisarjevsky Tyler 

This seems the only way to allow contextual factors to interact simultaneous- 
ly with potentially quite large sets of word-candidates, while at the same time 
allowing acoustic-phonetic information to continue to be input to the deci- 
sion process until the point at which a unique word-candidate can be se- 
lected. 

The best-known model of this type is the logogen theory developed by 
Morton (1969; 1979; Morton and Long, 1976). There are, however, problems 
with this model arising from the decision mechanism assigned to the recogni- 
tion elements (or logogens). In this approach, the recognition-decision within 
each logogen is based on the concept of a threshold; a word is recognized if 
and only if the logogen corresponding to it crosses its decision threshold. But, 
as we have argued in more detail elsewhere (Marslen-Wilson and Welsh, 1978), 
the notion of an all-or-none threshold leads to incorrect predictions in certain 
experimental situations. 

In the final section of this part of the paper we will describe an alternative 
recognition model, and show how it accounts for the results reported here. 
The critical difference with the logogen model is that the recognition ele- 
ments will be assigned the ability to respond to mismatches. Each element is 
assumed to be able to determine that the word it represents is not present in 
the signal if either the sensory or the contextual environment fails to match 
its internal specifications of the properties of the word. This assumption al- 
lows us to avoid using decision-thresholds as the basis for the recognition 
process. 

A “cohort’‘-based interactive recognition theory 

The individual recognition elements in this theory are assumed to be directly 
accessed from the bottom-up during speech recognition. Information about 
the acoustic-phonetic input is broadcast simultaneously to the entire array of 
lexical recognition elements. The pattern-matching capacities of these ele- 
ments allows the relevant elements to become active when they pick up a 
pattern in the signal which matches their internal specifications of the acous- 
tic-phonetic properties of the words they represent. This means that, early in 
a word, a group of recognition elements will become active that corresponds 
in size to the number of words in the language (known, that is, to the lis- 
tener) that begin with the sound sequence that has been heard up to that 
point. This preliminary group of word-candidates will be referred to as the 
word-initial cohort. 

The subsequent time-course of word-recognition will depend on the ways 
in which the word-initial cohort can be reduced in size until only a single 
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word-candidate is left. This can be done even when only acoustic-phonetic 
information is available (as when a word is heard in isolation). Each recogni- 
tion element activated early in the word will continue to monitor the incom- 
ing acoustic-phonetic signal. As more of the signal is heard, it will tend to 
diverge from the internal specifications of more and more of the members of 
the word-initial cohort. These elements will detect the resulting mismatches, 
and will therefore drop out of consideration as candidates for recognition. 
This process will continue until only one candidate is left whose properties 
still match the signal. It is at this point that we assume that the recognition 
decision can occur, so that the recognition point for any given word can be 
precisely predicted by examining the sequential structure of the word-initial 
cohort in which it occurs.” 

These recognition elements must also be able to interact with contextual 
constraints. The semantic and syntactic properties of the members of the 
word-initial cohort need to be assessed against the requirements of the sen- 
tential context in which the word to be recognized is occurring. If this can be 
achieved, then those recognition elements whose properties do not match the 
requirements of context can be dropped from the word-initial cohort. 

It is not a priori clear how these necessary contextual effects should actu- 
ally be realized in a cohort-based recognition system. One suggestive possibi- 
lity, which is compatible with the cohort approach so far, is that each recog- 
nition element should be thought of as analogous to a procedurally defined 
“specialist” on the word it represents - in the way that some of the words 
in Winograd’s SHRDLU system have specialists associated with them (Wino- 
grad, 1972), and that all of the words in the system proposed by Rieger 
(1977; 1978) are represented by such specialists. This would mean that each 
word would have built into its mental representation not simply a listing of 
its syntactic and semantic properties, but rather sets of procedures for deter- 
mining which, if any, of the senses of the word were mappable onto the re- 
presentation of the utterance up to that point.12 

An arrangement of this type - with the recognition elements being simul- 
taneously sensitive to both contextual and acoustic-phonetic factors - would 
produce the flexible and continuous interactions between these factors that 
we have argued for. Each member of the word-initial cohort will continue to 
accept bottom-up information until the criteria1 degree of mismatch is 

“Some recent preliminary experiments (Marslen-Wilson, Note 2), testing these types of prediction, 
have shown a close correlation between recognition-time for a word (heard in isolation) and the point 
at which that word uniquely diverges from its word-initial cohort. 

‘aNote that this type of claim further differentiates the cohort approach from word-detector theories 
of the logogen type. The extensive knowledge being built into the recognition elements here, would, in 
the logogen model, be assigned to the “Context System” and not to the logogens themselves. 
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achieved either with this bottom-up input or with the requirements of the 
contextual environment. This leads to an automatic optimisation, for any 
given word in any given context, of the balance between acoustic-phonetic 
and contextual information sources. Exactly as much acoustic-phonetic in- 
formation will be analyzed as is necessary for the system to reach a single 
word-choice given the constraints available from context. And since there is 
no discontinuity in the contribution of bottom-up information to the deci- 
sion process, we avoid the complications of trying to restrict the bottom-up 
contribution to some pre-specified fixed proportion of the relevant signal. 
The weaker the contextual constraints, the more the system will depend on 
bottom-up inputs, and this derives perfectly naturally from the interactive 
distributed processing system we have proposed. 

The functional outline of the proposed recognition system is now clear 
enough, and can account for the major results we have reported. First, it is 
consistent with the obtained effects of context on word-recognition time. 
The presence of semantic and syntactic constraints will immediately reduce 
the size of the initial decision space, so that, on the average, less acoustic- 
phonetic input will need to be processed before a single word-choice can be 
selected. The comparisons between the overall means in each prose context 
show that semantic constraints are almost twice as effective as syntactic con- 
straints alone in speeding response time. This makes sense if we consider that 
many words are syntactically ambiguous - it is, for example, difficult to find 
nouns that cannot also function as verbs. This means that word-candidates 
can less readily be deleted from the initial cohort on the basis of syntactic 
constraints alone - bearing in mind that in Syntactic Prose the syntactic 
constraints can do little more than specify the likely form-class of the word 
to be recognized. Whereas the effectiveness of semantic constraints in re- 
ducing the size of the cohort can be potentially much greater. 

Secondly, the cohort theory provides a basis for understanding how words 
can be recognized so early. Our earlier analysis of the target-words used here 
shows that the median number of word-candidates left in the cohort after 
two phonemes had been heard should be about 29. If we go one phoneme 
further, then the median size of the cohort shrinks to about six members. 
And this is only considering the acoustic-phonetic input to the decision pro- 
cess. This explains how the words heard without context (in Random Word- 
Order) could be responded to relatively early. The mean Identical monitor- 
ing reaction-time in Random Word-Order was 358 msec, which, compared to 
the mean word length of 394 msec, shows that even without a constraining 
sentential context a monosyllabic word can often be recognized before all of 
it has been heard. Set against this result, the earliness of recognition in Nor- 
mal Prose contexts is no longer very surprising. 
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Thirdly, the theory allows for the type of continuous interaction between 
topdown and bottom-up information that is necessary to account for the 
changes in word-length effects across contexts. But first we have to show 
where word-length effects come from in a cohort theory, especially in cases 
where, as in the present experiment, these effects are detectable even when 
responses are being made before all of the word has been heard. The answer 
lies in the sources for variations in the duration of monosyllabic words. If we 
sort the target-words in this experiment according to their relative durations, 
then we find that the longer words, reasonably enough, are those that begin 
or end with consonant clusters, and that contain long as opposed to short 
vowels. Thus “brass” and “floor” are relatively long words, and “bed” and 
“cat” are relatively short. 

Let us further assume, consistent with findings in speech research, that 
vowels are acoustically-phonetically critical in the interpretation of the input 
signal - in particular the transitions at the beginnings and ends of vowels in- 
to their adjoining consonants. Clearly, this critical information would become 
available to the listener later in a word when the word began with a conso- 
nant cluster. This in turn would lead to a delay, relative to words beginning 
with a single consonant, in the accumulation of the acoustic-phonetic infor- 
mation necessary for defining the word-initial cohort, and for reducing it in 
size later in the word. Thus, in so far as variations in duration are due to these 
effects at the beginnings of words, they will lead to apparent effects of over- 
all duration on monitoring responses that are made before all of the word 
has been heard. 

This would explain how effects of “word-length” are detectable even in 
the Identical monitoring conditions. Furthermore, the size of such effects 
will tend to increase when the recognition response requires more acoustic- 
phonetic information about a word, as in Random Word-Order Prose. For 
example, if a CVC target-word contains a long vowel, then this will delay, re- 
lative to words containing short vowels, the point at which the subject starts 
to obtain information about the last consonant in the word. This will slow 
down recognition-time to the extent that the last phoneme needs to be known 
in order to reduce the cohort to a single candidate. But when contextual in- 
puts to the cohort-reduction processes are stronger, as in Normal and Syntac- 
tic Prose, then it becomes more likely that recognition will not require infor- 
mation about this last phoneme. Thus any temporal delay in the arrival of 
this phoneme will tend to have less effect on response-time. 

Finally, the cohort theory has built into it the early accessing of semantic 
information about a word that is necessary to account for the Category moni- 
toring results in Normal Prose, as well as for the results of earlier experiments 
(e.g., Marslen-Wilson, 1975). According to the theory, this type of informa- 
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tion about a word is being activated even before the word has been recognized 
as part of the process of cohort-reduction. At the point where recognition 
does occur - no matter how early in the word - semantic information will 
have played an important role in the recognition decision, and will be imme- 
diately available for the making of an attribute-matching decision. But when 
a word occurs in Syntactic Prose or Random Word-Order contexts, then re- 
cognition cannot involve the same dependence on the semantic properties of 
the word-candidates, since this would lead to the incorrect rejection of can- 
didates that did in fact fit the acoustic-phonetic input. Thus in these contexts 
there will be an assymmetry in the extent to which semantic as opposed to 
phonological information about the word can have been actively exploited 
prior to recognition. This would lead to a relative delay in the availability of 
the semantic information necessary for semantic attribute-matching. In Syn- 
tactic Prose and Random Word-Order the Category monitoring responses are, 
respectively, 65 and 86 msec slower than the Rhyme monitoring responses. 
Whereas the two tasks do not differ in the Normal Prose conditions. 

In the light of these analyses of the on-line interactive properties of the 
local structure of processing, we are now in a position to interpret the global 
structural effects. The next part of the paper will begin by presenting the re- 
levant results - those involving the word-position variable. 

Part II: The Global Structure of Sentence Processing 

Results 

The results reported here derive from the same data as were described in the 
earlier results section. As before, all statistics are based on the combination 
of separate analyses on subjects and on words. 

Effects of word-position 

The third main variable in Experiment One was Word-Position, for which nine 
word-positions were tested, from the second to the tenth serial position in 
the second of each pair of test sentences. Nine different target-words occur- 
red in each word-position, and each word was tested, across subjects, in all 
combinations of Prose Context and Monitoring Task. The effects of Word- 
Position were investigated using trend analyses to determine the shapes of 
the word-position curves for the different Prose and Task conditions. Where 
appropriate, regression analyses of the raw and smoothed reaction-times 
across word-position were also carried out. 
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The main effect of Word-Position was not significant (Min F’ < I), nor was 
the interaction between Word-Position and Monitoring Task (Min F’ < l), or 
any of the trend components (all trend analyses were carried as far as the 
quintic component). 

The interaction between Word-Position and Prose Context also fell short 
of full significance (Min F’ (16,250) = 1.558, p < 0.10). However the break- 
down of this interaction into trend components showed significant linear 
(Min F’ (2,250) = 3,026) and cubic (Min F’ (2,250) = 4.202) effects. This 
was because there were strong linear effects in Normal Prose and Syntactic 
Prose, but none at all in Random Word-Order (see Table 3). Conversely, there 
was a strong cubic component in the Random Word-Order curve, but none 
at all for the other two prose contexts. Random Word-Order also exhibited 
a fourth-order component (p < 0.10). These word-position effects are plot- 
ted for each prose context in Figure 2. 

The further discussion here will focus on the relative slopes and intercepts 
of the linear effects in Normal and Syntactic Prose in each monitoring task, 
since, with the exception of Syntactic Prose Category, only the linear com- 
ponents of the curves in these conditions were significant. We followed here 
the same precautions as in the analysis of the word-length effects, and com- 
puted slope estimates for the combined smoothed and raw word-position 
curves as well. These are given in Table 4 together with the results of the ana- 
lyses on the raw means. The combined estimates will be used as the basis for 
the comparisons between slopes. The three Random Word-Order curves, and 
the Syntactic Prose Category curve, were treated in the same ways, to allow 
comparison with the other curves. The individual word-position results for 
the nine prose by task conditions are plotted in Figure 3. This figure shows 

Table 3. Experiment I. Monitoring Reaction-Time and Word-Position: Regressions on 
Raw and Smoothed Means (by Prose Context) 

Prose Context 

Normal Prose Syntactic Prose Random Word-Order 

Raw Means Analysis 
r= -0.90 -0.65 -0.01 
b= -8.05 -5.23 -0.12 

Smoothed and Raw 
Means Analysis 

r= -0.95 -0.87 -0.22 
b= -7.55 -5.20 -1.42 

r = correlation coefficient, b = slope in msec (n = 9). 
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Figure 2. Experiment 1: Word-position means for each Prose Context, collapsed across 
Monitoring Tasks. The linear components of the Normal Prose and Syntactic 
Prose trends are plotted, and the combined cubic and quartic trends for Ran- 
dom Word-Order. Note: Word-Position I on the figure corresponds to the 
second word in the test-sentence. Thus the zero intercept represents an esti- 
mate of monitoring latency at the actual first word of the utterance. 
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the raw means together with the linear regression lines derived from the com- 
bined raw and smoothed curves. Combined estimates of the overall word-po- 
sition effect for each prose context (collapsing across monitoring task) are 
included in Table 3. 

The major results can be summarized as follows. In Normal Prose, perfor- 
mance is dominated throughout by linear effects of word-position. In the 
overall analysis (Table 3), the linear component of the word-position curves 
accounts for over 80% of the variance in the raw means. This is a surprisingly 
high value, given the different words at each word-position. The separate 
analyses for each monitoring task in Normal Prose (Table 4) shows that these 
linear effects are highly consistent across tasks. In each case word-position 
accounts for about 6 1% of the variance in the raw means. 

In Syntactic Prose the overall linear effect is somewhat weaker, with only 
42% of the raw means variance being accounted for (Table 3). Turning to the 
individual monitoring tasks, we find strong linear effects in Identical moni- 
toring, weaker but still significant effects in Rhyme monitoring, and no linear 
effects at all in Category monitoring. The word-position trend for this condi- 
tion is best described by a fifth-order curve (p < 0.10). 
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Table 4. Experiment 1. Monitoring Reaction-time and Word-Position: Regressions on 
Raw and Smoothed Means (By Prose Context and Monitoring Task)a 

Monitoring Task 

Prose Context Identical Rhyme Category 

Normal Prose 

*= 

b= 

Syntactic Prose 

r= 

b= 

Random Word-Order 

r= 

b= 

-0.78 (-0.88) -0.79 (-0.89) -0.78 (-0.91) 

-8.20 (-6.88) -8.23 (-7.92) -7.67 (-8.00) 

-0.87 (-0.95) -0.63 (-0.87) -0.01 (+0.02) 

-8.58 (-8.52) -7.30 (-7.63) -0.07 (+0.12) 

-0.21 (-0.28) -0.19 (-0.44) +0.25 (+O.ll) 

-2.35 (-1.72) -1.68 (-2.33) +3.80 (+0.82) 

r = correlation coefficient, b = slope in msec (n = 9). 

aResults of regressions on the combined raw and smoothed means are given, in parenthe- 

ses, following the raw means results. 

In none of the Random Word-Order results is more than 7% of the variance 
in the raw means analyses accounted for by the linear word-position compo- 
nent - either in the overall analysis (Table 3), or when each monitoring task 
is considered separately (Table 4). Instead, the curves are best described by 
an assortment of cubic and quartic components. Given the strong correlation 
between Random Word-Order responses and word-length, it is likely that 
these curves primarily reflect variations in the mean durations of the words 
at different word-positions. 

Table 4 and Figure 3 give the slopes estimated for each test condition. The 
slopes for the three Normal Prose conditions and for Syntactic Prose Identi- 
cal and Rhyme are very similar, ranging from 6.9 to 8.5 msec decrease in re- 
action-time per word-position, and in each case significantly different from 
zero. In Rhyme and Identical monitoring the Normal Prose and Syntactic 
Prose slopes are not significantly different from each other, while both differ 
significantly in each context from the Random Word-Order slope. In Category 
monitoring, however, the Normal Prose slope is significantly different from 
the Syntactic Prose slope (t (14) = 3.202), as well as from the Random Word- 
Order slope (t (14) = 2.246). But the Syntactic Prose and Random Word- 
Order slopes did not differ in this condition. 

The parallel slopes for Normal and Syntactic Prose in Identical and Rhyme 
monitoring mean that the differences in overall reaction-time between these 
conditions are not due to divergences in the degree of facilitation across 
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word-positions. Instead, the differences derive from the intercepts of the 
word-position effects - that is, the estimated value at word-position one. 
Table 5 lists the estimated intercepts for the nine prose by task conditions, 
as well as for the overall prose-context curves. In the Identical and Rhyme 
monitoring conditions, Normal Prose has a significant advantage (p < 0.01) 
over Syntactic Prose at the beginning of the sentence of about 50 msec. This 
difference remains fairly constant over the rest of the sentence. Only in Cate- 
gory monitoring is the intercept difference (p < 0.01) between Normal and 
Syntactic Prose accompanied by a difference in slope (see Figure 3 and Table 

4). 
In the comparison between Normal Prose and Random Word-Order we 

find significant differences (p < 0.01) in both intercept and slope in all mo- 
nitoring conditions. Reaction-times differ at the beginning of a sentence, and 
continue to diverge throughout the rest of the sentence (see Figure 3). Com- 
paring Syntactic Prose and Random Word-Order, the intercepts are the same 
in Identical and Rhyme monitoring, but the scores diverge throughout the 
rest of the sentence (Figure 3). There is little to be said about Category Mon- 
itoring performance in Syntactic Prose and Random Word-Order - reaction- 
times differ unsystematically by different amounts at various points in the 
sentence. 

Discussion 

Before discussing the global structural results, some preliminary points need 
to be made. First, it should be emphasized that we are concerned here only 
with the general structure of global processing. The word-position curves in 
this experiment are the outcome of responses collapsed over 8 1 different sen- 
tences, all varying somewhat in their global structural properties. It is presum- 
ably for this reason that only the linear components of the word-position 

Table 5. Experiment 1. Monitoring Reaction-time and Word-Position: Combined Raw 
and Smoothed Means Estimates of Intercept (msec) 

Monitoring Task 

Prose Context Identical Rhyme Category Overall 

Normal Prose 305 459 466 410 

Syntactic Prose 373 500 529 465 

Random Word-Order 364 504 576 488 
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curves in Normal and Syntactic Prose were significant.13 Averaging over many 
different sentences, the results reflect the overall tendency for structural 
constraints to be stronger later in a sentence than earlier. The experiment was 
not intended to capture the detailed properties of global processing for any 
one sentence, or for any one sentence type. Had it been restricted in this 
way, then higher-order word-position effects would no doubt have been ob- 
served (as for example in the recent work by Harris (Note 3)). 

A second preliminary point concerns the possible role of a serial-position 
response-bias in the word-position curves. In an experiment of this sort, it is 
at least possible that the subjects’ readiness to respond will increase the later 
in the string that the target occurs. But the complete absence of any linear 
effect in the Random Word-Order curves suggests that this kind of response 
bias was not affecting performance in this experiment. This was presumably 
because of the length, complexity, and variety of the stimuli, as well as the 
wide distribution of targets over word-positions. Post-test questioning showed 
that most subjects had not even noticed that targets never occurred in the 
first sentence. 

The third point concerns the interactions of the three monitoring tasks 
with the word-position effects in the three prose contexts. Identical and 
Rhyme monitoring behave in almost identical ways (see Figure 3). The slopes 
of the three prose-context curves in each monitoring task are very similar 
(Table 4), and so are the relative differences between the intercepts (Table 5). 
The only difference in the tasks is that the Rhyme monitoring curves are 
shifted about 140 msec upwards relative to Identical monitoring. This reflects 
the contribution of the additional attribute-matching stage postulated for 
the Rhyme monitoring task, and this second stage clearly does not interact 
with prose context. This was not the case for the semantic attribute-match- 
ing stage in Category monitoring, since the Syntactic Prose and Normal Prose 
curves in this task differ not only in intercept but also in slope. Thus Category 
monitoring interacts in a different way than the other tasks with the presence 
or absence of a semantic interpretation, and will, therefore, provide addition- 
al information about this aspect of global processing. 

The next section of the paper discusses the implications of the word-posi- 
tion effects for the global structure of processing. The questions here center 
around the earliness with which syntactic and semantic information become 

13This averaging over many different sentences also accounts for the relatively small size of the mean 
word-by-word linear facilitation effects. The important point about these word-position effects is not, 
in any case, their absolute size, but the fact that significant effects are obtained, and that these effects 
differ across prose-contexts. 
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available in a sentence, and, in particular, around the possibility of a relative 
lag in the availability of semantic as opposed to syntactic analyses. 

Syntactic and semantic factors in sentence processing 

The results show that the semantic dimensions of processing are dominant 
throughout a sentence, and that they have a significant effect on monitoring 
responses even at the very beginning of the test-sentence, where the syntac- 
tic dimension has only a marginal effect. The basis for this conclusion is, first, 
the nature and the location of the differences between Normal Prose and 
Syntactic Prose. In Identical and Rhyme monitoring the only significant dif- 
ference between the two contexts is in the intercepts of the word-position 
curves (see Figure 3 and Table 5). At the beginning of the sentence, Normal 
Prose Rhyme and Identical monitoring responses have an advantage over 
Syntactic Prose of about 50 msec, which is maintained unchanged over the 
rest of the sentence. Only Normal Prose can be normally semantically inter- 
preted, and it is presumably this variable which produces the differences in 
the curves in the two prose contexts. 

This means that those semantic aspects of processing that interact with 
word-recognition decisions are essentially fully developed at the beginning of 
the sentence, and do not significantly increase over the rest of the sentence 
in the constraints that they impose on the word-recognition component of 
Identical and Rhyme monitoring. Semantic constraints operate in word-re- 
cognition by enabling word-candidates to be rejected because they map in- 
appropriately onto the meaning representation that is available at that point 
in the utterance. If such constraints are operating so strongly on the first one 
or two words of a sentence, then they could hardly be based on a meaning 
representation derived only from within that sentence. This representation 
must in large part have been derived from the preceding sentence. Thus the 
first sentence in each Normal Prose test-pair is playing a crucial role in the 
immediate interpretation of the second sentence. 

The Category monitoring results for Normal and Syntactic Prose reinforce 
these conclusions. In Normal Prose, semantic information about a word was 
immediately available for the attribute-matching process, as a consequence 
of the interaction between the semantic interpretation of the utterance and 
the process of word-recognition. This meant that semantic attribute-matching 
in Normal Prose could be carried out as rapidly as phonological attribute- 
matching. The importance of the close parallels between the slopes and the 
intercepts in Normal Prose Rhyme and Category is that they show that these 
semantic interpretation effects, which made it possible for semantic and pho- 
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nological attribute-matching to be so similar, were operating just as strongly 
at the beginning of the test-sentence as elsewhere. This inference is clearly 
also supported by the large intercept difference between Normal Prose and 
Syntactic Prose Category Monitoring (see Table 5). 

The slope differences between Normal and Syntactic Prose in Category 
monitoring (see Table 4 and Figure 3) serve to underline the importance of 
the availability of semantic context for performance in this task. Semantic 
attribute-matching in Syntactic Prose is in fact so severely disrupted that the 
facilitatory effects of syntactic context on the word-recognition stage of the 
task are no longer detectable. The separation of the semantic analysis of the 
word-targets from the process of word-recognition - in contrast to what is 
assumed to be the case for Normal Prose - evidently produced a cumulative 
slowing down of the attribute-matching decision across word-positions.14 

In summary, the differences between Normal and Syntactic Prose in all 
three monitoring tasks show that semantic processing factors are operative 
immediately the sentence begins, and seem to be as strong there as anywhere 
else in the sentence. Turning to the syntactic aspects of processing, these ap- 
pear to develop on a quite different basis. 

Syntactic Prose and Random Word-Order show no differences in intercept, 
and consistently diverge over the rest of the string (in Identical and Rhyme 
monitoring).” To interpret these effects we need to say something about the 
differences between the two prose contexts. The Random Word-Order mate- 
rials consist of unordered strings of words, which, because they are simply 
the words from Syntactic Prose in scrambled order, not only have no syntac- 
tic organization, but also cannot be linked up, in an associative manner, to 
give some overall semantic interpretation (in contrast to the “crash, hospital, 
ambulance” kind of sequence). 

Syntactic Prose materials also have no overall semantic interpretation.16 
It is quite certain that no word-candidate could be rejected in a Syntactic 
Prose context because it failed to map appropriately onto some “meaning” 
representation of the sentence at that point. What Syntactic Prose materials 

r4This cumulative slowing-down of attribute-matching could be caused by a combination of factors. 
First, Category monitoring responses in Syntactic Prose average some 1.50 msec longer than the dura- 
tions of the words involved. Attribute-matching for one word would still be going on when the next 
word arrived, so that an increasing backlog could build up over the test-string. Second, the listener has 
no semantic context available to enable him to focus his attribute-matching efforts selectively; that is, 
on those word-candidates that are the contextually most likely members of the appropriate category. 
Thus attribute-matching in Syntactic Prose would not only take longer, but would also have to be ap- 
plied more thoroughly to more of the words in the test-string. 

lsWe exclude the Category monitoring task from the discussion of syntactic effects, because of the 
obscuring effects of the semantic attribute-matching stage of the task. 
(continued opposite) 
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do permit is the assignment of some form of surface syntactic analysis; that 
is, of the major and minor consituent structure of the string. Syntactic Prose 
sequences are organized in such a way that lexical items of the appropriate 
form-class appear in the appropriate slots in the syntactic framework of the 
string. We assume that it is constraints deriving from this type of structuring 
that separate Syntactic Prose from Random Word-Order. These constraints 
develop relatively slowly within the test-strings, and do not show any traces 
of a carry-over from the lead-in string. The close parallels between the slopes 
of the Syntactic Prose and the Normal Prose curves (in Rhyme and Identical 
monitoring) suggest, furthermore, that similar syntactic constraints are accu- 
mulating over word-positions in the Normal Prose test-sentences as well. 

The word-position effects in this experiment present, then, a clear picture 
of the availability of different types of analysis during the process of a sen- 
tence. This picture is dominated by the processing relationships between sen- 
tences in the Normal Prose conditions. Because of the important implications 
of these between-sentence effects for the basic structure of language proces- 
sing, we will delay further discussion until these effects have been investigated 
in more detail. In particular, we need to show directly that the advantage of 
Normal Prose early in the sentence is indeed due to carry-over effects from 
the lead-in sentence. This can be done by running the same stimuli on the 
same tasks, but without the first sentence. If our interpretation of the results 
has been correct, then removing the lead-in sentence should have the follow- 
ing effects. 

First, any change in the pattern of responses should primarily affect Nor- 
mal Prose. In neither Syntactic Prose nor Random Word-Order could the 
lead-in material have had any implications for the structural processing of the 
test-sentence. Second, if the intercept differences between Normal and Syn- 
tactic Prose are due to information carried forward from the first sentence, 
then this difference should disappear when this first sentence is removed. 
Third, there should be a change in the Normal Prose slope but not in the Syn- 
tactic Prose slope, since semantic constraints will be able to develop across 
the test-sentence in Normal Prose but not in Syntactic Prose. Fourthly, if the 
carry-over effects in Experiment 1 were primarily semantic effects, then the 
consequences of removing the lead-in sentence should be most severe for 

16This is quite clear from the example given earlier, and from these additional samples (target-words 
emphasized): 
(1) It snatched with Mary into it. He’s easily your plate if a small floor still types to be projected. 
(2) A human light has been stopped out before. Just inside the days they make the knife which a fluid 

had put. 
(3) Janet has been retailing about the levels. The corn it posted isn’t trying enough pool to kill proper- 

1Y. 
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Normal Prose Category, because of the greater sensitivity of this task to se- 
mantic variables. 

Experiment 2 

Method 

Subjects 

36 additional subjects were tested, none of whom had participated in 
Experiment 1. The subjects were drawn from the same University of Chicago 
volunteer subject pool, and were paid for their services. 

Materials and Design 

Direct copies were made of the three stimulus tapes recorded for use in 
Experiment 1, but omitting the first sentence or word-string in each pair. 
Thus the test-sentences were acoustically identical to those used in the first 
experiment. The tapes were combined with sets of instruction booklets to 
produce exactly the same combinations of task and context conditions as in 
Experiment 1. 

Procedure 

The same procedures were followed as in Experiment 1. 

Results 

Effects of listening task and prose context 

The data were analyzed in the same way as before. Separate analyses of vari- 
ance on subjects and on words, using the untransformed raw data and with 
missing observations replaced, were combined to give Min F’ ratios. All values 
are significant at the 0.05 level unless otherwise noted. 

The overall mean monitoring latencies for the nine combinations of Prose 
Context and Monitoring Task are given in Table 6 (see also Figure 4). As in 
Experiment 1, there was a strong main effect of Monitoring Task (Min F’ 
(2,172) = 199.556). This reflects the large overall differences between Iden- 
tical Monitoring (308 msec), Rhyme Monitoring (423 msec), and Category 
Monitoring (486 msec). There was also a significant main effect of Prose 
Context (Min F’ (2,196) = 29.456), which was somewhat smaller than in 
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Table 6. 

Figure 4 

Experiment 2. Mean Monitoting reaction-times (msec): By Prose Context and 
Monitoring Task. 

Monitoring Task 

Prose Context Identical Rhyme Category 

Normal Prose 279 394 442 

Syntactic Prose 315 420 487 
Random Word-Order 329 456 531 

Each value is the mean of 324 observations. Overall standard error = 8.39 msec. 

Experiment 2: mean monitoring latencies, by Prose Context and Monitoring 
Task. 
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Experiment 1. Targets in Normal Prose, with a mean reaction-time of 
372 msec, were responded to significantly faster than targets in Syntactic 
Prose (407 msec) and in Random Word-Order (439 msec). The difference 
between Syntactic Prose and Random Word-Order is also significant. Note 
that while the overall Normal Prose latency is unchanged relative to the Ex- 
periment 1 mean of 373 msec, the overall Syntactic Prose and Random Word- 
Order means are significantly faster, by 34 and 38 msec respectively. 
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Unlike Experiment 1, there was no interaction between Prose Context and 
Monitoring Task (Min F’ (4,385) = 1.735, p > 0.10). As can be seen from 
Figure 4, the behavior of the three monitoring tasks is now much more sim- 
ilar in each context. The main reason for this divergence from Experiment 1 
is the change in Category Monitoring performance. Normal Prose Category 
is now significantly slower than Normal Prose Rhyme (by 48 msec). Thus 
the difference between Rhyme and Category in Normal Prose is now of the 
same order of magnitude as the difference in Syntactic Prose (67 msec) and 
in Random Word-Order (75 msec). 

Effects of word-position 

The overall effects of Word-Position are similar to those in Experiment 1. 
Neither the Word-Position main effect, nor the interactions with Prose or Task 
reached significance. There were, however, significant linear components to 
the Word-Position main effect (Min F’ (1,88) = 5.660), and to the Word-Posi- 
tion by Task (Min F’ (2,395) = 4.564) and the Word-Position by Prose (Min 
F’ (2,265) = 5.076) interactions. The linear effect in the interaction with Task 
was due to the presence of strong linear effects in Identical and Rhyme mon- 
itoring, but none in Category monitoring. There was also a tendency here to- 
wards a quadratic component in the interaction, with quadratic effects in 
Identical and Rhyme monitoring (p < 0.10) but none in Category monitoring. 
In Experiment 1 there had been no trace of a quadratic effect in any of the 
analyses. 

The significant linear component to the Word-Position by Prose interaction 
was due, as in Experiment 1, to the strong linear effects in Normal and Syn- 
tactic Prose but not in Random Word-Order. Linear regression analyses of 
the overall word-position curves in each prose context showed similar effects 
to Experiment 1,” although with small increases in slope in Syntactic and 
Normal Prose. The overall curves, do, however, differ in one important way 
from the earlier results - the intercepts of the three prose context curves are 
now much closer together, ranging from 427 msec in Normal Prose to 435 
msec in Random Word-Order to 447 msec in Syntactic Prose. None of these 
values differ significantly from each other. Overall, the mean difference in 
intercept between Normal Prose and the other two contexts is reduced to 
14 msec, compared with 67 msec in Experiment 1 (see Table 5). 

“In Normal Prose (r = -0.88, b = -10.82), 77% of the variance is accounted for by the linear effects 
of word-position. In Syntactic Prose (I = -0.80, b = -7.68), 64% of the raw means variance is ac- 
counted for. There is no trace, again, of an overall linear effect in Random Word-Order (r = +0.03, b = 
+0.23). 
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The similarities in slope between Experiment 1 and 2 break down when 
the individual results for each of the nine prose by task conditions are ana- 
lyzed. Table 7 gives the correlation coefficients and slopes derived from linear 
regression analyses on both the raw and the combined smoothed and raw 
word-position means. Figure 5 plots the raw word-position means together 
with the regression-lines derived from the combined analyses. 

Table 7. Experiment 2. Monitoring Reaction-time and Word-Position: Regressions on 
Raw and Smoothed Means (By Prose Context and Monitoring Taskla 

Monitoring Task 

Prose Context Identical Rhyme Category 

Normal Prose 
r= -0.84 (-0.91) -0.86 (-0.90) -0.69 (-0.83) 
b= -11.66 (-11.52) -13.93 (-13.68) -7.05 (-5.63) 

Syntactic Prose 
r= -0.84 (-0.92) -0.86 (-0.95) -0.27 (4.60) 
b= -10.08 (-9.63) -10.10 (-10.12) -2.43 (-3.20) 

Random Word-Order 
r= -0.61 (-0.76) -0.00 (-0.08) +0.47 (+0.67) 
b= -6.73 (-6.75) -0.03 (-0.55) +7.39 (+6.62) 

r = correlation coefficient, b = slope in msec (n = 9) 
aResults of regressions on the combined raw and smoothed means are given, in paren- 
theses, following the raw means results. 

Consider, first, the Normal Prose results. The overall linear effect for this 
prose context conceals an interaction with task. Relative to Experiment 1 
(see Table 4), the Normal Prose slopes in Experiment 2 are considerably 
steeper in both Identical and Rhyme monitoring (basing these comparisons 
on the more robust combined estimates of slope). In Identical monitoring, 
the Normal Prose slope increases significantly from -6.88 msec per word-po- 
sition to - 11.52 msec (t (14) = 1.889) and in Rhyme monitoring there is a 
significant increase from -7.92 msec to -13.68 msec (t (14) = 2.004). But 
in Category monitoring the slope is shallower than in Experiment 1, de- 
creasing from -8.00 msec to -5.63 msec (t (14) = 1.190, p < 0.20). This 
Normal Prose Category slope is significantly shallower than the Normal Prose 
Identical slope (t (14) = 2.392) and the Normal Prose Rhyme (t (14) = 2.825) 
slope. In Experiment 1, the Normal Prose slopes for all three conditions had 
been the same. 
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There is also one other difference in the Normal Prose curves in the second 
experiment. This was the appearance, in the trend analyses, of a quadratic 
component in the Normal Prose Rhyme and Identical curves. This quadratic 
effect reflects the rather rapid fall off in reaction-time over the early word- 
positions which can be seen in Figure 5. 

In Syntactic Prose there are no significant changes from Experiment 1 to 
2. In Identical and Rhyme monitoring there are small, non-significant in- 
creases in slope - for the two conditions together, the slope in Experiment 
2 is 1.8 msec steeper than in Experiment 1. In Category monitoring there is 
again no significant linear effect of word-position, and the slope does not 
differ from zero. 

The Random Word-Order conditions show wide variations in the strength 
and direction of the linear effects. In Identical monitoring, there is a signi- 
ficant negative slope of -6.75, which is almost reliably different from the 
slope of -1.72 estimated for Experiment 1 (t (14) = 1.600, p < 0.10). In 
Random Word-Order Rhyme there is again no significant linear effect, and 
the means are best fitted by a quartic curve (p < 0.10). In Random Word- 
Order Category, however, there is a relatively strong positive linear effect, 
increasing from +0.82 msec in Experiment 1 to +6.62 msec in Experiment 
2 (t (14) = 1.448, p < 0.10). This curve also contained a significant cubic 
component (p < 0.05). 

Table 8. Experiment 1. Monitoring Reaction-time and Word-Position: Combined Raw 
and Smoothed Means Estimates of Intercept (msec) 

Monitoring Task 

Prose Context 

Normal Prose 

Syntactic Prose 

Random Word-Order 

Identical Rhyme Category Overall 

339 466 469 427 

365 470 500 447 

362 463 499 435 

Finally, as is clear from the comparison between Figures 5 and 3, the esti- 
mated intercepts for the regression lines in each task are much closer together 
than in Experiment 1 (see Table 8). Compared to the first experiment (Table 
5), the mean difference in intercept between Normal Prose and the other 
two prose contexts drops from 64 to 25 msec in Identical monitoring, from 
43 to one msec in Rhyme monitoring, and from 87 to 3 1 msec in Category 
monitoring. Only in Category monitoring is the Normal Prose intercept still 
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$gnificantly different from the intercepts for the other two prose contexts 
(p < 0.05).‘* 

Discussion 

Before moving on to the main results of Experiment 2 (the effects on the 
Normal Prose and Syntactic Prose slopes and intercepts), two other aspects 
of the results need to be discussed. The first of these is the appearance of 
sizeable linear word-position effects in Random Word-Order Identical and 
Category monitoring (see Table 7 and Figure 5). The effect in Category mo- 
nitoring seems of little importance; the linear fit is rather poor, and the data 
is better described by a cubic curve. If there is a genuine increase over word- 
positions here, it presumably reflects cumulative decrements in attribute- 
matching of the type previously discussed in connection with the Syntactic 
Prose Category monitoring curves. 

The linear decrease over word-positions in Random Word-Order Identical 
is not only rather stronger (though accompanied by a marginally significant 
quartic effect), but also raises the possibility that non-linguistic serial-posi- 
tion effects are affecting performance in Experiment 2. In Experiment 1 there 
had been no evidence for the presence of this type of response-bias. But the 
test-sequences in Experiment 2 were much shorter, because of the absence 
of the lead-in sentence, and this may have made it easier for the subjects to 
build up expectations about where the targets were occurring in the Random 
Word-Order sequences. 

It is unlikely, however, that this kind of non-linguistic predictability effect 
contributed to performance in the Syntactic Prose and Normal Prose condi- 
tions. In Syntactic Prose, in fact, there are no significant increases in the 
slopes of the word-position effects, comparing Experiments 1 and 2. In Nor- 
mal Prose, the increases in slope in Experiment 2 are fully accountable for 
on the basis of the linguistic structure of the test-sentences, and are not dis- 
tributed in the way that one would expect if a serial-position response-bias 
was responsible. If the change in slope had been due to the increasing likeli- 
hood of the target occurring later in the string, then the facilitatory effects 

18As a check on the results in Experiment 1, the relationships between word-length and reaction-time 
in each prose context were also calculated for the Experiment 2 data. The effects were similar to those 
obtained previously, with the weakest effects in Normal Prose, (r = +0.40), stronger effects in Syntac- 
tic Prose (r = +0.74), and the strongest effects in Random Word-Order (r = +0.88X The only difference 
was an increase in the Syntactic Prose slope (b = +0.43), such that it was no longer significantly differ- 
ent from the Random Word-Order slope (b = +0.49), while it did differ significantly from the Normal 
Prose slope (b = +0.17). 
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should be weakest early in the sentence, and become progressively stronger 
later in the sentence. The observed Normal Prose curves show the opposite 
pattern. The steepest acceleration is over the first two or three word-posi- 
tions, and the curve is clearly flattening out later in the sentence (see Figure 
5). This is exactly the pattern to be expected if there is a rapid accumulation 
of semantic and syntactic constraints early in an isolated test-sentence, and 
provides no evidence that the subjects were incorporating non-linguistic con- 
straints as well. 

A second unexpected result involved the expectation that the overall Nor- 
mal Prose mean should be slower in Experiment 2 than in Experiment 1, and 
therefore less different from the Syntactic Prose and Random Word-Order 
means, which should not be affected by the absence of the lead-in sentence. 
This prediction was confirmed in the sense that there was indeed a smaller 
overall difference between Normal Prose and the other two contexts. But 
this was the result not so much of a slowing down of the Normal Prose means 
as of a speeding up of the Syntactic Prose and Random Word-Order means. 
The most likely explanation for this is that the group of subjects tested for 
Experiment 2 were simply faster as a group than the subjects in Experiment 
1. If the overall prose context means in Experiment 2 are adjusted by adding 
to them the difference (24 msec) between the grand means in Experiments 1 
and 2, then we obtain the predicted results. That is, the Syntactic Prose and 
Random Word-Order means are not significantly different in the two experi- 
ments, while the Normal Prose mean is significantly slower in Experiment 2. 

Turning to the main results of Experiment 2, their outcome was entirely 
consistent with the claim that the advantage of Normal over Syntactic Prose 
early in the test-sentence in Experiment 1 was due to semantic carry-over 
effects from the first, lead-in sentence. This claim is supported and enlarged 
in several ways by the results. 

First, there are the changes in intercept and slope in Identical and Rhyme 
monitoring. In both tasks the Normal Prose and Syntactic Prose intercepts 
are no longer significantly different. Thus, when the lead-in sentence is re- 
moved, responses in Normal and Syntactic Prose start off the sentence with 
essentially the same degree of facilitation. In addition, there is a significant 
increase in the steepness of the slopes in Normal Prose but no significant 
change in Syntactic Prose, in both monitoring tasks. This is consistent with 
the hypothesis that in Normal Prose, in Experiment 2, both syntactic and 
semantic constraints are now developing in strength across the sentence, 
whereas in Syntactic Prose only syntactic constraints can develop, and the 
rate at which this occurs is unaffected by the presence or absence of a lead- 
in sentence. 
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The specifically semantic nature of the effects of removing the lead-in 
sentence is demonstrated by the second major aspect of the results - the 
differential effects on Category monitoring performance. The Category mo- 
nitoring task, as we pointed out earlier, seems especially sensitive to the se- 
mantic aspects of processing, and the removal of the interpretative context 
provided by the lead-in sentence has distinctive effects on performance in 
this task. The nature of these effects can be seen in Figure 6, which summa- 
rizes the differences between Normal and Syntactic Prose over word-posi- 
tions as a function of monitoring task and of the presence or absence of a 
lead-in sentence. The upper two curves in each panel show the advantage of 
Normal Prose over Syntactic Prose at different points in the test-sentences 
in Experiment 1 and 2. The lowest curve in each panel shows the decrement 
in the advantage of Normal over Syntactic Prose when the lead-in sentence 
is removed. 

The pattern of the results shown in the lowest curve for each monitoring 
task is quite different in Category monitoring than in the other two tasks. In 

Figure 6. Experiments I and 2: mean advantage (msec) of Normal Prose over Syntactic 
Prose at early (l--3), middle (4-6), and late (7-9) Word-Positions. The upper 
panels give the increase for Normal Prose over Syntactic Prose in each experi- 
ment separately; the lower panel gives the decrease in the Normal Prose ad- 
vantage in Experiment 2 as compared with Experiment 1. 
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Rhyme and Identical monitoring there is a mean decrement in the facilitation 
for Normal Prose of about 40 msec early in the test-sentence. This decrement 
stabilizes later in the sentence at a residual level of about lo- 15 msec. But in 
Category monitoring the opposite occurs. The decrement for Normal Prose 
increases over word-positions, from about 40 msec early in the sentence to 
70-75 msec later in the sentence. This increasing decrement for Normal Prose 
Category can also be observed in a comparison with Normal Prose Rhyme. 
Normal Prose Category monitoring is significantly slower than Rhyme moni- 
toring in Experiment 2, but not early in the sentence. The intercepts of the 
two response curves are identical (see Table 8 and Figure 5), but then diverge 
over the rest of the sentence by about eight msec per word-position (see 
Table 7). 

These relative decrements in Normal Prose Category monitoring presum- 
ably derive from the same source as the increasing decrement over word-po- 
sitions in Syntactic Prose Category monitoring in Experiment 1 (see foot- 
note14). That is, the semantic attribute-matching process has become more 
independent of the word-recognition process and this brings into play a num- 
ber of factors that cumulatively slow down the attribute analysis process, 
thereby counteracting the increasing facilitation of responses over word-posi- 
tions at the word-recognition level. What now has to be determined is how 
the removal of the lead-in sentence can have these lasting effects on seman- 
tic attribute analysis in Normal Prose Category monitoring. 

To understand the role of the lead-in sentence in Normal Prose, it is neces- 
sary to consider the ways in which the interpretation of an utterance would 
be changed by locating it in an appropriate discourse context.” Take, for 
example, the test-sentence given earlier: 

(4) Some thieves stole most of the lead off the roof. 

The possibilities for the on-line interpretation of this sentence are clearly go- 
ing to be considerably enriched when it is preceded by its lead-in sentence 
(“The church was broken into last night”). The event described in the test- 
sentence becomes located in a time and a place, and the processing of each 
item in the sentence becomes significantly different. The initial noun phrase 
“Some thieves” would now be processed in an interpretative context which 
could affirm, early in the recognition process, the semantic appropriateness 
of the word-candidate “thieves”. Later items in the sentence - such as “lead” 
or “roof” - would also occur in a richer interpretative framework when the 

“The following discussion should not be taken as an attempt at a theory of discourse interpretation. 
We are simply indicating the general kind of effect that might be interacting with word-recognition 
processes. 
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lead-in sentence was present. The listener would, for example, have already 
encountered a building to which “the roof” could belong. 

These effects on the interpretation of a test-sentence would be even 
stronger in cases where the test-sentence contained an anaphoric pronoun re- 
ferring back to the previous sentence. Thus the test-sentence “It’s only about 
a mile from the university” can never be properly interpreted without know- 
ing that the referent of “It” is “a new apartment” (mentioned in the lead-in 
sentence). This kind of interpretative framework, simulated here by the use 
of pairs of sentences, must be a fundamental aspect of the normal analysis of 
an utterance. 

In the case of Category monitoring, the diminished interpretability of the 
test-sentences in Experiment 2 has clearly interacted with the semantic-attri- 
bute matching process. Optimal performance in this task depends on the early 
semantic analysis of the potential target words, in which the relevant seman- 
tic attributes of the words are selected out as part of the process of mapping 
the attributes of the word being recognized onto the developing interpreta- 
tive representation of the utterance. When this interpretation is less determi- 
nate, as it will be when the lead-in sentence is missing, then this will place a 
greater load on an additional attribute analysis and matching process, there- 
by leading to a cumulative decrement in Category monitoring performance. 

Taken together, then, the contrasts between Normal and Syntactic Prose 
in the three monitoring tasks not only confirm the importance of the lead- 
in sentence in the early processing of the Normal Prose test-sentences, but 
also bring into sharper focus the nature and the time-course of these carry- 
over effects. In Rhyme and Identical monitoring, which reflect semantic fa- 
cilitation of the speed of word-recognition decisions, there is a large decre- 
ment in the facilitation of Normal Prose responses over the first two or three 
words of the sentence (see Figure 6). This decrement reflects the absence of 
the interpretative framework, provided by the lead-in sentence in Experi- 
ment 1, in terms of which the first words in the sentence would naturally be 
interpreted. Within-sentence constraints, however, build up rapidly in Nor- 
mal Prose in Experiment 2, so that the word-recognition decrement has been 
more than halved by the time four or five words have been heard. This rapid 
build-up in semantic facilitation is reflected in the quadratic component ob- 
served in the Normal Prose Rhyme and Identical word-position curves. 

Nonetheless, the interpretative framework built up within the sentence in 
Experiment 2 never quite reaches the level of facilitation observed in Experi- 
ment 1. Even over the later word-positions, the facilitation of Normal Prose 
Rhyme and Identical latencies falls short of the levels achieved when the lead- 
in sentence was present. And this lasting impairment is clearly seen in the 
Category monitoring decrement. 
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In summary, then, Experiment 2 supports and reinforces the conclusions 
we drew from the pattern of word-position effects in Experiment 1. The dis- 
course context in which a sentence occurs provides an immediate framework 
in terms of which even the first words of the new sentence are processed and 
interpreted. We can now return, then, to the implications of the word-position 
results for the differing claims about the ordering of global processing events. 

The temporal ordering of global processes 

The question here is whether there is any evidence to support the claims of 
a serial processing theory for the ordering of communication between global 
processing components. If no such evidence is found, then we are free to as- 
sume that the contributions of different knowledge sources to the analysis of 
an input are not a priori restricted to the kind of serial sequencing required 
by the autonomy assumption. 

If the word-position results are to be interpreted within the framework of 
the claims made by the autonomy assumption, then we will have to do so in 
terms of three separate higher-level processing components. Apart from a 
syntactic processor, we will also have to distinguish between a semantic pro- 
cessor and what can be called an “interpretative” processor. The semantic 
processor is restricted to a linguistic semantic analysis, based on the meanings 
of the words in the string and on the syntactic relationships between them 
(e.g., Fodor et al., 1974). The interpretative processor provides a further in- 
terpretation of this semantic analysis in terms of the listener’s knowledge of 
the world and of the discourse context in which the utterance is occurring. 
The availability of all three types of analysis should be delayed in time rela- 
tive to each other, as well as being delayed relative to the output from the 
word-recognition component. 

We begin with the temporal properties of syntactic processing, since the 
syntactic processor sits first in the sequence of higher-level processing com- 
ponents. The syntactic contribution over word-positions is estimated from 
the comparison between Syntactic Prose and Random Word-Order. There 
are no intercept differences between these two prose conditions in any of the 
four relevant comparisons (in Rhyme and Identical monitoring in both ex- 
periments)Zo, but there is, overall, a significant divergence of Syntactic Prose 
from Random Word-Order over word-positions. This is clear evidence for the 
existence of a non-semantic form of structural analysis, which begins early in 

mSee footnote 15. 
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the sentence and builds up over subsequent word-positions. The further re- 
sults show that whatever role this type of analysis is playing in on-line pro- 
cessing, it is not ordered in the ways dictated by the serial autonomy assump- 
tion. 

First, there is the finding of a greater intercept difference between Normal 
and Syntactic Prose in Experiment 1 than in Experiment 2. These intercept 
advantages in Experiment 1 can only be explained on the basis of an imme- 
diate involvement in processing decisions of information carried over from 
the lead-in sentence in Normal-Prose. This information must be represented 
at a level of analysis that would correspond to the terminal stage of proces- 
sing in a serial processing theory. That is, at the point in the analysis of the 
input at which the output of the semantic processor is integrated with a non- 
linguistic knowledge base (and with discourse context) by the interpretative 
processor. 

The problem that these results present for the autonomy assumption is 
the following. If discourse context can interact with the processing of the 
first words of a new sentence, then this means that these words are already 
being assessed at a level in the system that is compatible with the level of re- 
presentation at which the discourse context presumably resides. But within 
the framework of a serial processing model, the achievement of this interpre- 
tative level of analysis of the current input has to be delayed relative to the 
preliminary processing of the input at strictly linguistic, sentence-internal, 
levels of structural analysis. 

But there is no sign in the data that discourse context is having less effect 
early in the sentence than elsewhere - which is what a relative delay in reach- 
ing the appropriate level of analysis would require. In fact, if we compare the 
advantage of Normal Prose over Syntactic Prose early in the sentence in Ex- 
periment 1 with the early Normal Prose advantage in Experiment 2, then it 
is clear that discourse context is having its relatively strongest effects at the 
earliest points at which it is possible to measure processing performance. That 
is, at the first one or two word-positions, where the developing sentence-in- 
ternal effects (as observed in the isolated Normal Prose test-sentences in Ex- 
periment 2), and, in particular, the developing syntactic effects, have relative- 
ly weak consequences for monitoring latencies.*l 

21The present results are not the only evidence for the immediate involvement of discourse context in 
on-line processing. Recent research by Harris (Note 3), also using the word-monitoring task, shows be- 
tween-sentence facilitation at the earliest word-positions. His results, in addition, relate the facilitation 
effects directly to the discourse properties of the text - whether or not the test sentences carried 
‘Given” or “New” information relative to the context-sentence. There are also several experiments by 
Cole and Jakimik (1979) which show discourse-based effects on word-recognition, using the mispro- 
nunciation detection task. 
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The betweensentence effects in the present experiment demonstrate, then, 
that the highest level of processing (in a serial sequence of separate processing 
levels) is in operation at the beginning of a sentence, and certainly as early as 
the operations of a syntactic processing component. Similar arguments can 
be made for the immediate engagement of a sentence-internal semantic level 
of processing. This is the level at which the output of the syntactic processor 
is used to build a linguistic semantic representation of the word-string. If 
there is an independent processor at this semantic level, then the Category 
monitoring results show that this is involved in the analysis of the input as 
soon as the sentence begins. 

The differences between Normal and Syntactic Prose Category monitoring 
reflect the active construction of a semantic interpretation of the sentence 
at the point at which the word-monitoring target occurs. We find significant 
intercept differences between Normal and Syntactic Prose Category monitor- 
ing not only in Experiment 1, where discourse context might have been the 
source of the difference, but also in Experiment 2 (see Table 8), where there 
is no discourse context. Processing has to start from scratch, as it were, when 
an isolated test-sentence is heard, and the Normal Prose intercept advantage 
in Category monitoring shows that this very early processing involves the 
semantic analysis and assessment of the words being heard. And within the 
serial framework, as currently defined, this function is assigned to the seman- 
tic processor. Note that there is no intercept difference in Experiment 2 be- 
tween Normal and Syntactic Prose in Rhyme monitoring. This shows that 
the intercept difference in Category monitoring is specifically due to an inter- 
action with the semantic attribute-analysis of the input.** 

We have, in summary, identified two types of processing information that 
would derive, in a serial theory, from processing components that would have 
to be located later in the analysis sequence than a syntactic processor. These 
are what we have labelled the semantic and interpretative levels of analysis. 
The results demonstrate that both types of analysis are actively engaged in 
processing the input from the first word of a sentence onwards, and that there 
is no sign of any delay relative to the syntactic analysis of the input. Thus 
there is no evidence that the global structure of sentence processing is ordered 
in time in the ways which the autonomy assumption requires. 

n An experiment reported elsewhere (Marslen-Wilson et al., 1978) provides evidence for the immediate 
involvement of a semantic level of processing in a more precisely controlled syntactic context. We con- 
trasted rhyme and category monitoring latencies to word-targets that were located either immediately 
after or immediately before a mid-sentence clause-boundary. The results confirm that the input is be- 
ing just as actively semantically interpreted at the first word of a syntactic processing unit (as classical- 
ly defined) as anywhere else. 
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General Discussion 

The purpose of the research reported here was to determine the validity of 
certain assumptions about the properties of information flow between differ- 
ent aspects of the language processing system. The results have enabled us to 
reject the kinds of constraints imposed by the autonomy assumption. In this 
last part of the paper we will consider what kind of structure we can assign 
to a more interactively organized processing system. We will be guided in this 
by the word-recognition theory that the results prompted us to develop, and 
by the clear evidence for the involvement of discourse variables in the imme- 
diate processing of the speech input. 

As we noted in the introduction, the description of a language processing 
system also depends on the distinctions one makes between the types of 
knowledge that are involved in processing. It is difficult to talk about the 
structure of a processing system without coming to some decision about what 
its principal components might be. 

The issue of distinguishable knowledge types - and the corollary issue of 
computationally distinct levels of representation during processing - has to 
be treated quite differently in an on-line interactive context than in the kind 
of serial theory that we have rejected. All of these serial theories were clearly 
rooted in the transformational generative linguistics of the 1960’s. Thus the 
distinctions drawn in the linguistic theory between analytic levels in the for- 
mal description were carried over directly into the psychological model - 
providing the basis not only for the set of processing components selected, 
but also for the processing units assigned (or not) to these components (cf., 
Fodor et al., 1974; Levelt, 1974; Marslen-Wilson, 1976; Miller, 1962; Miller 
and Chomsky, 1963; Tyler, 1980). 23 The earlier formulations of an on-line 
interactive processing approach - under the name of the interactive parallel 
theory (Marslen-Wilson, Note 1; 1975; Marslen-Wilson and Tyler, 1975) - 
were clearly also heavily influenced by linguistic preconceptions. In partic- 
ular, we took for granted the standard distinctions among types of mentally 
represented linguistic knowledge, and among a corresponding set of proces- 
sing components (cf., Tyler, 1980). 

It is difficult, however, to maintain this kind of close linkage between the 
linguistic theory and the process theory in the face of the on-line processing 
data reported here and elsewhere. Above all, the intelligibility of this linkage 
depends on the correctness of the autonomy assumption, since it is this that 

=It should be clear that what we are talking about here is the psycholinguists’ interpretation of lin- 
guistic theories; we are not claiming that linguists themselves have explicitly made this kind of connec- 
tion with “performance” questions. 
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forces, a priori, an organization of the processing model that parallels the 
organization of the linguistic theory. The serial, stage-by-stage, processing 
system that the autonomy assumption requires can be seen as a sort of pro- 
cess analogy to the hierarchy of analytic levels postulated in early transfor- 
mational grammars. But this analogy becomes untenable if the processing 
system, as we have argued here, is organized on an interactive basis. 

Our position, then, is that the processing data do not provide any empirical 
support for the kinds of linkages often proposed between the linguistic theory 
and a processing model. This linkage can best be seen as a hypothesis about 
language processing which has turned out to be incorrect. The consequence 
of this is that we are not justified in deriving any assumptions from a lin- 
guistic theory without first examining them in the light of the available pro- 
cess data. Thus in making suggestions about the knowledge types that need 
to be distinguished in a psychological process model, we will be guided in the 
first instance only by psychological process data. 

This seems, in general, to be the correct strategy to follow in laying out the 
outline of a process theory. The other disciplines concerned with human 
language - linguistics, some branches of artificial intelligence - cannot be 
expected to provide the basic framework for such a theory. These disciplines 
have neither had as their goal the explanation of psychological processes nor 
have they been responsive in any meaningful way to process data about lan- 
guage use. Once the framework of a genuinely psychological process theory 
has been constructed, then - but only then - will one be in position to inter- 
pret, from this perspective, the relevant research in other disciplines. 

In the light of these remarks, what minimal distinctions between know- 
ledge types do the on-line data require us to make ? Note that this question 
is not the same as the question of computationally distinct levels of represen- 
tation during processing. The autonomy assumption required that each dis- 
tinction between mentally represented knowledge types was realized in pro- 
cessing by its own autonomous processing component. But if we allow a more 
interactive system, then it becomes conceptually and computationally possi- 
ble to allow knowledge sources to contribute to processing without each 
source necessarily corresponding to a distinct level of analysis in the proces- 
sing sequence. We will return later to this question of processing levels. 

The available on-line data do not seem to require more than three basic 
distinctions among knowledge types (leaving aside acoustic-phonetic issues24 ). 

xNote that the cohort theory, as presented here, makes no specific assumptions about the acoustic- 
phonetic input to the word-recognition system. The input could be anything from a set of spectral 
parameters to a string of segmental labels. Thus our use of phonemic descriptions as the basis for de- 
termining cohort membership should not be construed as a theoretical claim about the products of 
acoustic-phonetic analysis. 
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First, there is clearly a sense in which “words” have a psychological reality, 
and, in fact, our whole experimental enterprise here has depended on this. 
We group together here not only words as phonological objects, but also as 
clusters of syntactic and semantic attributes. It is clear from the kinds of in- 
teractions that take place during word-recognition that all these aspects of 
the internal representation of words must be very closely linked. 

Secondly, the present data provide good evidence for the psychological 
reality in processing of a form of “non-semantic” structural analysis. This 
conclusion is based; first, on the differences between Random Word-Order 
and Syntactic Prose. These differences, as we argued earlier, reflect the influ- 
ence on processing of a form of structural analysis which is not semantic in 
nature. Second, the similarities between the Normal and Syntactic Prose 
slopes suggest that whatever is producing the word-position effects in Syn- 
tactic Prose is also responsible for the parallel effects in Normal Prose. In Ex- 
periment 1, where semantic influences seem to be held constant across the 
entire Normal Prose test-sentence, the Normal Prose and Syntactic Prose 
slopes are remarkably similar. The slight divergence in the slopes for the two 
prose types in Experiment 2 is fully accountable for on the basis of the se- 
mantic influences developing within the sentence in Normal Prose. 

So far, the distinctions we are making are reasonably uncontroversial, 
though motivated on different grounds than usual. Contrary to standard as- 
sumptions, however, we are not convinced that it is necessary to assume two 
further functionally distinct knowledge sources. That is, there seems to be 
nothing in the on-line data to compel a distinction between “semantic” and 
“interpretative” knowledge sources. The deployment of word-meanings in 
the interpretation of an utterance may not involve a distinct type of know- 
ledge source - that is, one which is defined within a domain of semantic in- 
terpretation based strictly on word-meanings and syntactic relations, and 
which is separate both from the knowledge source involved in the interpre- 
tation of word-strings in terms of a possible world or discourse context, and 
from the structural syntactic source previously suggested. 

In particular, the results here show that words are immediately analyzed 
with respect to their discourse context. To account for the effects on word- 
recognition (and on semantic attribute-analysis in Category monitoring), we 
have to assume that discourse variables are involved in the primary decisions 
about word-identity. This means that the original selection from among the 
pool of word-candidates (and, therefore, from among the various senses of 
individual candidates) is conducted within an interpretative contextual 
domain. Thus it may be possible to accomplish the semantic analysis of words 
in utterances through operations of knowledge sources none of which has 
the properties of the classical semantic interpreter. That is, give,n the repre- 
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sentation of word meanings in the lexical knowledge source, the further inter- 
action of these with a structural syntactic source and with an interpretative 
source appears to be sufficient. 

This minimal segmentation of knowledge sources into three types (which 
we will label lexical, structural, and interpretative) is by no means intended 
to be the last word on the matter. But it seems to cover the on-line data, and 
it gives us a basic vocabulary in terms of which we can discuss the processing 
principles which govern the organization of spoken language understanding. 

Processing principles for an on-line interactive theory 

The best developed aspect of an on-line interactive treatment of spoken lan- 
guage processing is in the domain of spoken word recognition. This is because 
the on-line data in this domain bears particularly directly on the internal 
structure of the processing of a well-defined type of perceptual object. Thus, 
taking as our model the properties of spoken word-recognition, what do these 
properties indicate about the general organizational strategies of the proces- 
sing system ? 

First, the word-recognition system illustrates two general strategies under- 
lying the organization of language processing: namely, that it allows for inter- 
actions between knowledge sources, and that it is designed for optimal effi- 
ciency and speed. In the cohort model we can see that it is possible for the 
knowledge sources involved in processing to cooperate together with respect 
to a processing target defined within a single knowledge source. From the 
perspective of the problem of word-recognition, this processing target was 
the identification of the correct word-candidate. This model for interaction 
can be extended to cover the case where the ultimate processing target is the 
interpretation of an utterance. 

This possibility for interaction is part of the reason why the system can be 
optimally efficient in its operations. In the case of spoken word recognition, 
no more of the sensory input needs to be heard than is necessary to unique- 
ly distinguish the correct word-candidate from among all the other words in 
the language, beginning with the same sound sequence, that could occur in 
that particular context. The kind of processing organization postulated in 
the cohort model allows spoken words to be recognized as soon as they pos- 
sibly can be - unless one resorts to a potentially errorful guessing strategy. 
Again, we feel that these claims about the properties of word-recognition can 
plausibly be extended to cover all aspects of the system’s organization. 

These two properties, of interactiveness and optimal efficiency, are closely 
related to the claim we made earlier in the paper that the structural and inter- 
pretative implications of a word-choice should be able to propagate through 
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the processing system as rapidly as possible. If a processing system is to be 
optimally efficient, then it should allow all sources of information to be mu- 
tually available, so that whatever is known at any partiqlar point in proces- 
sing can be available to resolve indeterminacies in the analysis of the input 
with respect to any single knowledge source. In the case of spoken word re- 
cognition, this means that differences in the structural and interpretative suit- 
ability of different word-candidates can be used to optimize the speed with 
which the correct candidate is selected, and, therefore, the efficiency with 
which the system is using the available sensory information. 

So far, what we have described are evidently desirable properties for a pro- 
cessing system to have. But they are not enough, in themselves, to properly 
specify the structure of information flow through the system. We can, how- 
ever, identify two further types of processing principle which are capable of 
placing strict constraints on the operations of the system. We will refer to 
these as the principles of “bottom-up priority” and of “obligatory opera- 
tion”. 

In the cohort theory, perceptual processing is driven, in the first instance, 
from the bottom-up. This is not only a matter of greater efficiency, but also 
of greater security. By defining the set of perceptual alternatives on the basis 
of bottom-up information alone, a processing system not only restricts the 
set of alternatives at least as much as top-down pre-selection normally would, 
but it also ensures (within limits) that the correct word-candidate will be con- 
tained within this initial set. Thus the processing system first determines (on 
a bottom-up basis) what could be there, as the proper foundation for then 
going on to determine what is there. 

The system allows for topdown effects in the loose sense that contextual 
information affects the recognition process. But it does not allow for top- 
down effects in the more precise sense of the term - that is, by allowing con- 
textual factors to pre-select some class of likely words even before any of the 
relevant sensory input has been received. We do not have any direct evidence 
for this exclusion of true topdown effects, but the system we have proposed 
is optimally efficient without needing to invoke such a mechanism. In addi- 
tion, a topdown pre-selection strategy seems to be inherently both more 
dangerous than a bottom-up strategy, and in general less effective. 

Successive words in an utterance are only rarely fully predictable from 
their prior context. This means that a top-down strategy would most often 
be selecting such large classes of possible words as to be of very little use in 
discriminating between possible candidates. Whereas a bottom-up strategy, 
as we noted earlier, yields on average no more than about 30 candidates by 
the time the first two phonemes are known. Of course, when words are more 
predictable, then top-down selection can be as constraining as bottom-up se- 
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lection. But here the top-down strategy runs into the danger of failing to in- 
clude in the preselected set the word that actually occurs. Language users 
are, ultimately, unpredictable, and for any word that a speaker chooses, he 
could almost always have chosen to use some other word. This is a problem 
for top-down selection, but clearly not for a bottom-up strategy.*’ 

A further reason for choosing a bottom-up selection process is that it seems 
more compatible with the second processing principle that we are adopting. 
This second principle is based on the claim that the operations of the word- 
recognition system have an “obligatory” or “automatic” property (cf., 
Forster, 1979; Marslen-Wilson and Welsh, 1978; Shiffrin and Schneider, 
1977). If an acoustic-phonetic input can be lexically interpreted, then it ap- 
parently must be. Apart from one’s own phenomenological experience, the 
evidence for this comes from several studies which show that even when sub- 
jects are asked to focus their attention on the acoustic-phonetic properties of 
the input, they do not seem to be able to avoid identifying the words in- 
volved. This can be seen in the Rhyme monitoring results in the present ex- 
periment, in phoneme-monitoring experiments (e.g., Marslen-Wilson, Note 2; 
Morton and Long, 1976), and in mispronunciation detection tasks (Cole and 
Jakimik, 1979; Marslen-Wilson and Welsh, 1978). This implies that the kinds 
of processing operations observable in spoken word recognition are mediated 
by automatic processes, and are obligatorily applied to any acoustic-phonetic 
input. We will assume here that the same obligatory processing principle 
applies to all of the knowledge sources we have identified. 

Given these four processing properties - interactiveness, optimal efficien- 
cy, bottom-up priority, and obligatoriness - we can now show how these 
four properties determine the structure of the proposed processing model. 

Processing structure for an on-line interactive theory 

The two principles that best determine the organization of language proces- 
sing are those of bottom-up priority and of obligatoriness. In the context of 
word-recognition, the principle of bottom-up priority describes the reliance 
of the system on the bottom-up definition of a set of word-candidates. Anal- 
ogously, the structural and interpretative knowledge sources depend for their 
operation on a bottom-up input. Structural decisions cannot be made except 
in the context of the words already recognized and of the set of word-candi- 
dates currently being considered. Given this input, a very restricted set of 
structural assignments will be possible. And what this bottom-up priority 

*‘These arguments against a top-down selection strategy apply better to “content” words than they 
do to some “function” words. The latter kinds of words are not only more strongly determined by 
their structural context (consider, for example, the distribution of words like “the” and “a”), but are 
also often poorly represented in the speech signal. One can clearly make a stronger case here for the 
use of top-down constraints (as Ron Cole (personal communication) has pointed out to us). 
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means here is that the structural knowledge source can only assign an analy- 
sis to the string which is compatible with the bottom-up input (the succes- 
sive words in the utterance). Top-down influences are assumed not to pre- 
determine possible structural assignments, any more than they are allowed to 
pre-determine possible word-candidates. 

Similarly, the operations of the interpretative source are driven in the first 
instance from the bottom-up, on the basis of information about the words 
being recognized and about the structural properties assigned to these words 
by the structural source. Both sources interact with each other, and with the 
original selection of the appropriate words (and meanings) from the recurrent 
bursts of word-candidates at the onset of each word, but they do so strictly 
under the control of the context defined from the bottom-up by the inter- 
pretation of the acoustic-phonetic input. 

Closely related to this bottom-up priority is the obligatory processing 
property of all three knowledge sources. If the appropriate bottom-up inputs 
are presented to these sources, then they must run through their characteris- 
tic operations on these inputs. It is important here to distinguish between 
obligatory, bottom-up priority processing, and the type of autonomous pro- 
cessing that we rejected earlier. The obligatory and bottom-up aspects of 
structural processes, for example, do not mean that they cannot be influenced 
by interactions with interpretative processes - any more than the obligatory 
and bottom-up aspects of word-recognition processes mean that they are not 
fundamentally interactive in nature. In the case of structural analysis, the 
facilitatory or disambiguating effects of interpretative interactions are usual- 
ly less noticeable, because of the restricted set of structural alternatives that 
sequences of words usually permit. But when structural ambiguities can not 
be directly resolved by subsequent bottom-up information, then it is possible 
to detect immediate interpretative interactions with structural assignment 
processes. 

In a recent study addressed to this issue, we showed that structurally am- 
biguous sentence fragments, such as “folding chairs” and “landing planes”, 
are immediately disambiguated when an interpretative context is present that 
biases towards one reading rather than another (Tyler and Marslen-Wilson, 
1977). Given the design of this experiment, the fragments could not have 
been disambiguated without some rather sophisticated on-line processing that 
involved putting together the meanings of the two words in the fragment, 
their structural relationships, and the interpretative context in which they 
occurred. 

The assumption of bottom-up obligatory processing enables us to answer 
a number of questions about language understanding. First, returning to the 
word-monitoring results, these principles explain why the Syntactic Prose 
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slope was so similar to the Normal Prose slope. In each case the structural 
knowledge source was operating to provide similar structural assignments, 
which provided increasingly stronger constraints over word-positions. This 
overall effect is the same because the gross structure of the materials was i- 
dentical in both prose contexts, so that the structural knowledge source, with 
its obligatory and bottom-up priority properties, would reach the same an- 
swers in either case. It would, therefore, place equivalent restrictions on 
word-selection processes across word-positions in both contexts. In general, 
the resolution of structural analyses may sometimes be slower in Syntactic 
Prose than in Normal Prose, but the answers will not differ - unless the mate- 
rial is unresolveably ambiguous without an appropriate interpretative con- 
text. This is closely analogous to the situation in word-recognition. A word 
in a Syntactic Prose or Random Word-Order context will eventually be cor- 
rectly recognized, if the bottom-up input is adequate, but it will take longer 
for the point of recognition to be reached. 

Secondly, it is the obligatory bottom-up properties of the processes with- 
in each knowledge source that enable the lexical and structural sources to 
function when a complete analysis is not possible. That is, the structural 
knowledge source will still function when there is no interpretative frame- 
work available, and the lexical source will still function when neither struc- 
tural nor interpretative analyses are available. It is essential that they be able 
to do this. First, so that they can deal with prose materials like Random 
Word-Order or Syntactic Prose. Second, and more fundamentally, so that 
they can deal with the natural variation in the word-by-word resolvability of 
normal utterances. There will inevitably be moments during processing where 
the interpretative or the structural analysis of the input is delayed; either be- 
cause of temporarily unresolved ambiguity, or simply because too little in- 
formation is available to resolve an indeterminacy in the interpretation of 
the input with respect to one or another knowledge source.26 

Thirdly, and related to the previous point, the obligatory bottom-up prin- 
ciple enables us to define the role of “seriality” in an interactive processing 
system. What the present model has in common with an autonomous pro- 
cessing system is the priority it assigns to bottom-up inputs, and the conse- 
quent dependencies between knowledge sources. Thus, for example, the in- 
terpretative source normally requires its input to be analyzed in terms of both 

%A.s these remarks imply, we do not claim that the input is QZWQYS fully interpreted word-by-word as 
it is heard; only that it in principle can be. Whether a particular utterance will be completely interpreted 
as it is heard depends on the ordering of processing information across the utterance, and on the depen- 
dencies between different constituents (see Harris, Note 3; Marslen-Wilson et Ql., 1978). But there is 
nothing intrinsic to the structure of the processing system itself that would prevent immediate on-line 
interpretation. 
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the lexical and the structural knowledge sources. However, given that the 
structural and interpretative sources can apparently have access to even the 
earliest stages of word-recognition processes, this means that the dependen- 
cies between knowledge sources need not result in any intrinsic delay in the 
timing with which their characteristic influences start to become detectable 
- except, presumably, for the short period at the beginning of a word during 
which the word-initial cohort is being defined. However, as the second point 
implies, the present system will appear to behave like a serial system in cases 
where a complete analysis is not possible. For example, in word-recognition 
in Random Word-Order contexts the selection of a unique word-candidate 
does depend solely on bottom-up information, and the availability of seman- 
tic analyses of the word do seem to be delayed relative to phonological anal- 
yses. 

We can, in summary, treat “serial” phenomena in language processing as a 
special case of a more general on-line interactive system. This more general 
system is designed to function in the primary domain for spoken language 
understanding - that is, utterances heard in discourse contexts. The interac- 
tive properties of this system enable it to take full advantage of whatever 
constraints these contexts provide, and the seriality of its operation under 
certain unusual circumstances simply reflects the robustness of its underly- 
ing processing principles. 

Fourthly, the obligatory bottom-up processing principles enable us to say 
something about the question of processing levels; that is, whether we should 
assume, as in the serial theories and in the interactive parallel theory, that 
each knowledge source is represented during processing as a computationally 
distinct level of analysis of the input. In the present context, this question 
can be seen to be artifactual, generated by the autonomy assumption and by 
linguistic preconceptions. 

The major consequence of the obligatory bottom-up principles for the 
structure of processing is that they entail that the input will always be repre- 
sented at the maximal level of representation to which its analysis can be 
taken. The principles require that the analysis of the input must propagate 
as far as its properties permit. The extent to which a given input can propa- 
gate will determine the “level of representation” at which it becomes percep- 
tually available. This is the only sense in which the notion of “level of repre- 
sentation” can be interpreted in the present system. 

If the words being spoken cannot be identified, then the input is percep- 
tually represented as a string of more or less accurately segmented groups of 
speech sounds - the listener hears nonsense words. If the word can be iden- 
tified, then it is obligatorily perceived as a word. To the extent that sequen- 
ces of words can be assigned a unique structural description, then this will 
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become part of their perceptual representation. To the extent that an inter- 
pretation can be achieved as well, then they will be perceived in these terms. 
In fact, it may be more accurate to say that at this maximally interpreted 
level of perceptual representation of the input, the structural and lexical as- 
pects of the percept are (at least momentarily) absorbed into this interpre- 
tative representation. We can, therefore, understand the implications of the 
constant effect of interpretative context from the first to the last word-posi- 
tion in Normal Prose in Experiment 1. Utterances in contexts are normally 
interpretable as they are heard, and it is this that provides the familiar illusion 
of a seamless communicative process. 

The concept of a fixed layering of “processing levels” seems, then, to be 
inapplicable to the interactive processing of a normal utterance. We should 
emphasize, also, that the forms of perceptual representation that one obtains 
for materials that cannot be fully analyzed are not to be confounded with 
the intermediate levels of analysis proposed in serial theories. Syntactic Prose 
sequences, for example, are perceived as sequences of words, with meanings, 
that stand in some specifiable structural relationship to each other, but which 
cannot be intelligibly represented in terms of the listener’s interpretative 
frameworks. It is clear as one listens to Syntactic Prose that one cannot avoid 
constantly trying to force an interpretative analysis of it. What gives the ma- 
terial its curiously quasi-poetic quality is that one often succeeds in almost 
finding a coherent, though bizarre, interpretation of it, only to have this in- 
terpretation collapse as more of the sequence is heard (see, for example, sen- 
tence (2) in footnote16). This form of perceptual representation should evi- 
dently not be confused with the string of syntactic labels that would make 
up the representation of a sentence within an autonomous syntactic proces- 
sor. 

If we examine the notion of fixed processing levels a bit further, then we 
can see that it is also inconsistent with the strategies of interactiveness and of 
efficiency. Consider, for example, the construction of a strictly lexical level 
of representation during processing - consisting, presumably, of an unstruc- 
tured and uninterpreted string of words. Since the evidence shows that the 
recognition of each word is conducted at least partly in terms of its structural 
and interpretative suitability, then the subsequent construction of a strictly 
lexical level of representation would require that each word be then some- 
how stripped of the context in terms of which it was originally recognized. 
This seems both unlikely and highly inefficient. In fact, the process of word- 
recognition should be seen in a different perspective. What is important about 
the contextual intervention in word-recognition is not just that it facilitates 
word-identification, but also that it enables the structurally and interpreta- 
tively relevant aspects of the word to be directly incorporated into the on- 
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line interpretation of the utterance. This is, after all, what the system recog- 
nizes words for; not as ends in themselves. 

Similar arguments apply to the possibility of an independent level of re- 
presentation in terms of the structural knowledge source. The word-recogni- 
tion data show that structural influences affect primary word-identification 
decisions, so that word-candidates are being analyzed in terms of their struc- 
tural as well as their interpretative suitability. There is no reason to suppose 
that these two types of contextual influence are then separated in the later 
processing of the input, only to be brought back into contact again at the 
final stage of processing. The insertion of an intervening strictly structural 
level of processing not only serves no purpose in an interactive system, but 
would also slow down and complicate the analysis process. 

A final and important proviso concerns the word “on-line”, as we have 
used it throughout this paper. Everything we have said here about processing 
structure applies only to what we will call normal first-pass processing; that 
is, to the sequence of obligatory operations that the listener runs through in 
interpreting a normal utterance as he hears it in a natural context. But once 
these obligatory routines have been performed, then the listener can have 
access to the analysis of the input in many different ways for many different 
purposes. He can, for example, disentangle the acoustic-phonetic properties 
of the input from the other aspects of its analysis, he can focus on the struc- 
tural relations between words, and so on. Our claims here have nothing to do 
with these secondary and, we assume, “off-line” processes. 

The important point here is that the term “on-line” should be restricted 
to the obligatory, first-pass processes, as reflected in true on-line tasks. This 
is the reason for our methodological emphasis on fast reaction-time tasks, in 
which the response can be closely related in time to a specific point in the 
(auditory) stimulus materials. If experimental tasks are used where a close 
temporal relationship between the sensory input and the response cannot be 
specified in this way - for example, by using post-sentence measures - then 
off-line processes may well be mainly responsible for the subject’s response. 
It is only to the extent that a task is, directly or indirectly, primarily deter- 
mined by the properties of on-line processes that one can be confident that 
it is tapping the basic properties of language processing operations. 
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On presente deux experiences faites pour etudier la comprehension du langage par16 en fonction du 
parcours temporel dans la chahre. La recherche a port6 a la fois sur les processus (locaux) de reconnais- 
sance des mots et sur les processus structuraux et interpretatifs (globaux). 

Dans chacune des experiences on a utilise trois taches de detection de mots. Ces tlches se distin- 
guaient par la qualification sous laquelle le mot a detecter etait decrit (phonetique, semantique oti les 
deux) et par trois contextes differents (normal, semantiquement anormal oti brouille’). 

D’autre part les mots cibles se distribuaient selon neuf positions dans les phrase-tests. La presence 
oti l’absence d’un contexte phrastique permettait une estimation des effects inter-phrases sur les pro- 
cessus locaux et globaux. L’ensemble des r&.ultats donnent une image detaillee de la structuration tem- 
porelle des differents processus. L’hypothese d’un calcul du langage interactif en temps reel est favori- 
see. Selon cette hypothese, durant le traitement, les diverses sources de connaissance, lexicales, struc- 
turales (syntaxiques) et interpretatives communiquent et interagissent d’une faGon maximalement 
precise et efficace. 


