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CONTEXTS AND WORDS: AN INTRODUCTION
To interpret the message that is conveyed by a spoken utterance the listener
needs to identify the words of the utterance and to gam access to the meaning
of these words Lexical processing serves as an interface between the sensory
input and the construction of a structural and interpretative representation of
the sentence During lexical processing, the sensory input is brought into
contact with the knowledge representations in the mental lexicon The semantic
and syntactic attributes of words stored in the mental lexicon serve as building
blocks for the processes that construct a structural and semantic interpretation
of the utterance The aim of thè present research is to investigate in detail the
effects of higher-level sentence representations on the processes involved in
identifying spoken words
An important question in lexical processing concerns the effects of the
semantic context in which a word is embedded What is commonly labeled
'semantic context', however, does not cover a unitary set of phenomena
Recent reviews of semantic context effects in lexical processing (Tanenhaus
and Lucas, 1987, Frauenfelder and Tyler, 1987, see also Fodor, 1983) differentiate between two types of semantic information A distinction is made here
between semantic effects that operate within one level of processing or representation, and constraints that involve more than one level For instance, the
effects of semantic priming - that is, the finding that a wora is responded to
faster when preceded by a semantically or associatively related word (Meyer
and Schvaneveldt, 1971 ) -can be explained as an effect within the lexical level
Through crossreferencing (Forster, 1976) or the spreading of activation between elements at the same level (Collins and Loftus, 1975), a lexical element
(e g , cat) can pass on activation to other elements (e g , dog) with which it is
semantically or associatively related To explain this kind of effect it is not
necessary to claim interactivity between levels of processing or representation
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A different story has to be told for semantically-based effects of sentence
contexts which do not contain any words that are associated with the word
under measurement (Seidenberg, Tanenhaus, Leiman, and Bienkowski, 1982)
In the remainder of this dissertation, I will use the label 'context', or 'semantic
context', to refer to this second type of semantic information, which involves
some higher-order representation of the meaning of the sentence
There is ample evidence that a target word is recognised more easily
when preceded by a sentence context which does not contain any words
specifically associated with the target word (e g , target mirronn 'She carefully
studied her face in the mirror'} Effects of this type of semantic context cannot
be attributed merely to mtra-lexical connections In the spoken domain, such
effects have been demonstrated using a variety of techniques such as speech
shadowing (Marslen-Wilson, 1985 Marslen-Wilson and Welsh, 1978), mispronunciation detection (Cole and Perfetti, 1980), phoneme monitoring (Foss and
Blank, 1980), word monitoring (Marslen-Wiison and Tyler, 1980), and gating
(Grosjean, 1980, Tyler and Wessels, 1983) In Chapter 2, I will discuss each
experimenta) technique in some detail The evidence obtained with each
paradigm concerning the contribution of contextual information to the processes of spoken-word recognition will be critically evaluated
Although the studies to be discussed in Chapter 2 demonstrate that
semantic context influences word processing, what is not completely clear is
the locus of these effects, that is, where and when in the recognition process
sentential-semantic context has its effect The major aim of the research reported here is to investigate in detail the locus of the effects of semantic context
in spoken-word processing A series of reaction time experiments, reported in
Chapter 3, will address this issue
The second aim of this dissertation is to validate one of the experimental
techniques used in word recognition research the gating paradigm This
paradigm has only recently been introduced to the study of contextual variables in word processing, and certain aspects of the task render its suitability
for the study of context effects questionable In Chapter 4,1 will first discuss the
gating paradigm and the results it typically produces, before presenting the
data from a gating study using the exact same material as in the reaction time
experiments of Chapter 3 To assess the suitability of the gating paradigm for
the study of context effects, in Chapter 5, the data from this gating study will be
compared in some detail to the results from the experiments reported in Chap-
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ter 3, where a completely different, well-established on-line research technique
was used
The results of the experiments reported in this dissertation will be discussed with respect to the claims made by a number of recent theories Current
models of word recognition disagree on what the possible loci for the effects of
sentential-semantic context might be Most theories agree on the basic functions of the word recognition system, but diverge with respect to the relationships between the processes involved In the remainder of this introduction, I
will briefly summarize the predictions made by different models To be able to
do this, I will first define the terminology that will be used throughout this dissertation I have tried to characterize the functions and phases of lexical processing in a theoretically neutral fashion, but given the terminological confusion in
the field, this is by no means an easy task Terms like 'lexical access' and 'word
recognition' are often used to refer to different processes (see also Tyler and
Frauenfelder, 1987, Tanenhaus and Lucas, 1987) Since thefocusofthisdissertation is on lexical processing in the auditory rather than the v/sua/domam, the
definition of the various phases of word processing takes into account the
intrinsic directionality in time of the speech input The fact that it takes time to
process a spoken word from its beginning to its end clearly has consequences
for the development of a theoretical framework of the processes involved in
spoken-word recognition (Marslen-Wilson, 1984,1987, Tyler and Frauenfelder,
1987)
In lexical processing, three basic phases can be distinguished the access, the selection, and the integration phases The earliest phase of lexical
processing, the access phase, is concerned with the relationship between the
mental lexicon and the sensory input Before the lexical system is involved, the
processes of perceptual analysis of the speech signal extract from the acoustic
input the information relevant for the lexical system Although it is unclear what
the exact properties of the product of this perceptual analysis are (Risoni and
Luce, 1987), I will assume here that the perceptual analysis processes provide
the lexical system with some form of acoustic/phonetic information The process of lexical access involves the mapping of this information onto word-form
representations stored in the mental lexicon, resulting in the activation of these
lexical elements and their semantic and syntactic attributes'
After the initial activation of a set of word-forms, information from the
ongoing perceptual analysis will continue to map onto these elements The
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selection phase of lexical processing involves the selection, from the subset of
accessed elements, of the element that best matches the input available to the
system Selection, as defined here is supposed to bo neutral with respect to
the ways in which the process is implemented in the various models, be it in
terms of the passive crossing of a threshold (Morton, 1969), of the reduction of
a set of activated word-forms (Marslen-Wilson, 1984), of differential patterns of
activation (Elman and McClelland, 1986), or in terms of serial search trough a
frequency-ordered list (Forster, 1976) The integration phase, finally, concerns
the integration into a highcr-leve! representation of the syntactic and semantic
information that is associated with the lexical element
There is an important distinction to be made between processing phases
and their end-products In accordance with the activation metaphor chosen to
describe the life span of lexical elements, the subprocesses of lexical access,
selection and integration, contrary to their end-products, are not characterised
as discrete events So, for example, the actual selection of one lexical element
is the end-product of a processing phase labeled 'selection' Throughout this
dissertation, the assumption is made that lexical access precedes the actual
selection of one lexical candidate Whether selection precedes integration is
an empirical issue Integration clearly cannot be accomplished before the
semantic and syntactic information associated with the lexical element(s) is
available The earliest point at which this information could be available is upon
lexical access So, in principle, the processes of selection and integration
could run in parallel Given the architecture of some models of word-recognition however, selection necessarily precedes integration (Forster, 1976)

Models of word processing
Using the definitions of the various stages of spoken-word processing, I will
now describe the most prominent word-recognition models These are frequently distinguished by means of their position on a continuum ranging from
fully interactive to completely autonomous
Autonomous models (Forster, 1976, 1979, Seidenberg, 1985, Tanenhaus, Carlson, and Seidenberg, 1985) claim that both lexical access and
selection, as defined here, are modular processes The process from the
analysis of the signal to the selection of one word is autonomous, driven by
bottom-up sensory information, and affected only by information from within the
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samemodule In Forster's model, what I have labeled lexical access is accomplished as soon as a frequency-ordered access file or bin, containing a set of
word-forms, is accessed The word-forms in an access file are searched serially, and selection occurs as soon as a match is found between the sensory
input and one word-form Subsequently, this word-form contacts its semantic
and syntactic information in the mental lexicon The serially ordered access
and selection processes terminate with the output of this information Seidenberg (1985) and Tanenhaus et al (1985) arrive at similar claims about lexical
processing, mainly on the basis of their studies of the resolution of word-sense
ambiguities (Seidenberg et al, 1982, Tanenhaus, Leiman, and Seidenberg
1979) On both views, contextual information cannot be utilised before the
selection of one word has been accomplished Context can only affect a wordrecognition response at a post-selectional integration stage, where semantic
and syntactic information associated with the selected word is integrated into
higher-level sentence representations
In the Cohort model (Marslen-Wilson and Welsh, 1978, Marslen-Wilson,
1984, Marslen-Wilson and Tyler, 1980), only some of the subprocesses involved in spoken-word recognition are considered to be autonomous In this
model, lexical access involves the instantiation of a word-initial cohort, containing all word-forms that are compatible with some stretch of initial sensory input
The activation of multiple word-form representations, or word candidates, is
assumed to be an obligatory and autonomous process, unaffected by contextual variables (see also Norns, 1986) Selection, defined as the reduction of the
initially activated set of candidates until one remains, takes place on the basis
of the simultaneous assessment of the sensory input and of contextual information When a word is heard in a sentence context, the information contained in
the sentence will guide the process of selecting the appropriate word candidate At least in the early versions of the model (Marslen-Wilson, 1984) selection and integration are partially overlapping and interacting processes A
word-recognition decision can be made as soon as the selection phase is
terminated, and one word candidate remains For a word heard in isolation or
in non-constraining contexts, this will be at the uniqueness point the point at
which, going from left to right, it becomes uniquely distinguishable from all
other words in the lexicon For words in constraining sentence contexts, a
recognition response can be made earlier, since selection is accomplished on
the basis of the simultaneous assessment of sensory and contextual information In the Cohort model, therefore, the locus of sentential context effects is in
the selection phase
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Both of the preceding types of model contrast with fully interactive
models, which allow different sources of information - sensory, syntactic,
semantic, and pragmatic - to interact with each other during word processing
Examples of such models are Morton's Logogen model (Morton, 1969, 1979)
and models in the connectiomst tradition (McClelland and Rumelhart, 1981,
McClelland and Elman, 1986) In Mortons model, the word recognition elements, called logogens, are sensitive to both sensory and contextual information Both types of information can drive the word recognition process by directly affecting the levels of activation of the recognition elements Context can
have an effect even before any acoustic information is available, by raising the
activation levels of contextually appropriate elements Selection is accomplished as soon as one logogen exceeds its threshold its corresponding
lexical element wil! then become available for a word-recognition response
Grosjean ( 1980) proposes a model which is similar to the Logogen model
with respect to the earliest possible point at which context can affect lexical
processing He suggests that contextual information leads to the pre-selection
of a set of lexical elements which will be subsequently matched against the
sensory input
In connectiomst models (Rumelhart and McClelland, 1982, McClelland
and Elman, 1986), word elements (nodes) become activated via excitatory
connections with both lower (feature and phoneme) and higher (contextual)
levels of representation Context can at any point in time have positive (and, in
the model of Rumelhart and McClelland, also negative) effects on the activation
level of word nodes, thereby influencing the likelihood that a contextually
appropriate word will be selected Context affects word nodes in very much the
same way as stimulus information by priming (or inhibition) Selection is defined in terms of winning the competition between activated word nodes
Clearly, the models presented above make different theoretical claims
with respect to the potential locus of the effects of sentential-semantic context
during word processing These claims will be critically evaluated in the light of
the obtained evidence
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specific points during the on-going process of comprehending an utterance
Whereas with sentence verification data, for example, it is unclear whether
syntactic information contributes to processing at the level of the lexicon, a local
measure such as lexical decision can provide this information Other examples
of timed, local tasks are naming, phoneme monitoring, word monitoring and
mispronunciation detection Local, on-line paradigms can be divided further
into direct and ndirect tasks This distinction refers to the relationship between
the task and the level of processing or representation the researcher is interested in If this is the lexical level, lexical decision and word monitoring are
direct tasks, since a response is made at the level of the word Phoneme
monitoring and mispronunciation detection are indirect because the subject
is focused on the speech input rather than on the word level
The division between global and local tasks broadly reflects the history
of research paradigms in psychoimguistics Between 1960 and 1970, most
studies used global tasks to measure sentence complexity at a syntactic or
semantic level A classic example is the early 'click localisation' work, devised
to test the psychological reality of the constituent structures postulated by
transformational grammar (Fodor and Bever, 1965, Garrett, Bever and Fodor,
1966)
Were these studies already criticized for their methodology (see Levelt,
1978), the life of the experimenter has become progressively more complicated during the last two decades Let us consider the obvious example word
recognition Some 20 years ago, word recognition was often seen as a psychohnguistic guessing game, as was the case within the framework of 'analysis-bysynthesis' theory ( see Neisser, 1967) Psychological theories and models of
word recognition have become more and more complex, not only with respect
to the innumerable boxes representing different types of knowledge employed
by the listener, but also with respect to processing mechanisms Anything from
strict senality to massive parallelism has been suggested
I will illustrate the experimenter's problem by means of the following
example Consider a subject involved in a simple reaction time experiment, for
example word monitoring Under these conditions, the identification of a
spoken bisyllabic word presented in a sentence context, takes some 300-400
msec, measured from the onset of the stimulus to the moment the subject
presses a button What happens in the listener's cognitive apparatus during
this period9 First, the sensory input is brought into contact with - and this is by
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no means an exhaustive list-features, segments, syllables, and morphemes
These can be part of, subservient to, or independent from, the level of representation called 'word-form' Since the subject is in the business of understanding spoken language, it is necessary to get access to the syntactic properties
of the word, and to its meaning To understand a word, its core meaning as well
as more subtle semantic information has to be retrieved, and these types of
information might be represented at different levels In the meantime, the listener has available a structural and a semantic (or, perhaps, a combined structural/semantic) representation of the utterance up to the bisyllabic word,
against which -to achieve integration - the semantic and syntactic properties
of the word are to be matched All this processing and accessing of multiple
levels of representation, be it in a serial or in a parallel fashion, is supposed to
take place within those 300-400 msec '
This example illustrates why the clearcut assumptions underlying on-line
research paradigms have become clouded Although the measure in the
above example is quite local and on-line - fast response times are obtained at
the level of the word -the following questions remain unresolved Which of the
sub-processes are responsible for the obtained effect9 From which level of
representation has the subject's response been 'read off' ? Accepting that
finding answers to these questions is already extremely problematic, what
about strategic task effects'? It is by no means easy to ascertain to what extent
the subject's behavior truly reflects the cognitive operations and representations one is interested in, and in how far her response is attributable to strategies particular to the requirements of the task 2
A distinction is made here between process and strategy, which is not
equivalent to definitions used elsewhere (see Fodor, 1983, Friedend, 1987)
Throughout this dissertation, strategies are defined as operations induced by
the particular task at hand The existence of such task-induced strategies in
normal listening situations, outside the laboratory, is questionable, they are
considered not to be part of the normal language processing system These
strategies combine various sources of knowledge - linguistic and non-lmguistic - to solve specific task demands, in particular in situations where the listener
is confronted with incomplete or ambiguous input Processes, on the other
hand, are part and parcel of the repertoire of normal language understanding,
independent of whether their operation is monitored or not To decide whether
experimentally observed phenomena reflect underlying processes or taskinduced strategic operations, it is important to compare results obtained with
different paradigms
17

The above distinctions and caveats serve as the background against
which the available evidence for the contribution of sentential-semantic context
to the processes of spoken-word recognition will be evaluated The focus will
be on therelationshipbetween the evidence and the experimental means by
which the results were obtained The remainder of this Chapter is by no means
an exhaustive overview of more than 30 years of research on context effects
First, I have restricted myself to sentential-semantic contexts, thereby excluding a host of publications on word-priming, on the influence of lexical information on lower-level processing, as well as on syntactic constraints Second, the
discussion is limited largely to the spoken domain, the evidence in this area is
structured by means of the different research paradigms One technique is not
included in this Chapter the gating paradigm This task will be discussed in
some detail in Chapter 4, together with the evidence it produces Finally, within
the context of each research paradigm, I have confined myself to a few crucial
studies The results will always be evaluated with respect to what exactly is
measured by the particular task at hand Doing this, I have played the role of
the devil's advocate by trying to establish explanations for the obtained results
that deviate from those provided by the researchers themselves Paradigms
compared summarizes the suitability of the paradigms to the study of the locus
of the effects of sentential context

Manipulating the speech signal
As early as 1900, William Chandler Bagley showed that the identification of
words with missing consonants was enhanced in the presence of a sentence
context (Bagley, 1900-1901) About 50 years later, essentially the same phenomenon was investigated with a different technique the identification of
speech against a background of noise In a study by Miller, Heise and Lichten
(1951), subjects identified words presented in noise more accurately in the
context of a grammatical sentence than when the words were scrambled or
presented in isolation In 1963, Miller and Isard showed that performance was
even better when semantic information was present A different kind of demonstration of the effects of context on word identification are the experiments
reported by Pollack and Pickett (1963) and Pickett and Pollack (1964), who
examined the intelligibility of words excised from fluent speech Only half of the
words that were fully intelligible in context were identified when presented in
isolation These studies formed the historical basis for more recent work on the
effects of context All studies to be reported in the following section share the
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manipulation of the sensory input as an essential aspect of the research paradigm
Speech and noise
A more recent, but already classic study on the influence of context on the
identification of noisy signals is reported by Warren {1970, 1976) Warren
observed the phoneme restoration effect the finding that subjects perceptually
repair a word with a missing sound When a stretch of speech - corresponding
to a phoneme - in a contextually predictable word was replaced by a cough or
a buzz, subjects consistently restored the utterance They reported hearing a
cough or a buzz in an otherwise completely intact utterance, and insisted that
they had indeed heard the missing phoneme Moreover, they had great difficulties in locating the exact position of the 'extraneous sound
Although the studies by Miller et al (1951,1963) and the experiment by
Warren are illustrative for the contribution of sentence contexts to the identification of noisy signals, they do not tell at which stage of processing the effect
can be localised Context could affect the actual perception of the speech
input, or, alternatively, context could have its effect at a post-perceptual stage
Samuel (1981a, 1981b) has conducted a series of experiments on the phoneme restoration phenomenon, using a signal-detection approach to distinguish between perceptual effects (d') and post-perceptual bias (Beta) Words
were presented with the same sound either completely replaced with or
superimposed by noise If the restoration effect were purely perceptual,
Samuel argued, then the words with sounds completely replaced should sound
like those with noise added Post-perceptual bias (Beta) was measured in
terms of the proportion of words reported to be intact that is, with noise added
Word pairs, such as battle and batter were combined with predictable
and unpredictable contexts Added and replaced versions were created, in the
above example the added/replaced sound was the word-final liquid /I/ or /r/
The subjects had to perform two tasks, they had to indicate whether the noise
was added or replaced, and they had to make a forced choice between the
words of a pair (e g , battle and batter) The breakdown of the responses in d'
and Beta measures showed the following First, there was no evidence on the
d' measure that an appropriate context affected the actual processing of the
sensory input Discrimmability was unimpaired by context, subjects could
distinguish noise added and noise replaced equally well in the predictive and
unpredictive contexts However, the Beta values showed a large bias towards

19

reporting predictable words as intact Moreover the Beta measure for the
forced choice judgements showed a similar bias towards reporting the contextualiy predictable word
The experiments reported by Samuel have carefully investigated the
potential locus of effects of semantic context This is exception rather than rule,
as we will see in the discussion of other tasks Samuel s data indicate at which
level of processing contextual information can contribute to the observed
phoneme restoration effect There is no evidence that the information contained
in a sentence context affects the actual speech processing at the level of the
sensory input Given the large bias towards reporting the utterance as intact,
the effects of semantic information have to be located at a later stage The data
however, do not provide information as to whether lexical or post-selectional
stages of processing are affected It is clear that context does not affect the
actual perception of the speech input, but it is still possible that the effects are
located at the lexical level
Speech continua
Instead of using noise to obliterate the speech input, Games and Bond (1976,
Bond and Games, 1980) manipulated the signal to create ambiguous inputs at
the phoneme and word level They investigated the contributions of contextual
information to the interpretation of these ambiguous inputs Subjects heard, for
example, sentences such as 'check the time and the ' and paint the fence and
the ', followed by either gate or date, or by one of a number of stimuli drawn
from the acoustic continuum ranging from /gate/ to /date/ The same stimuli
were also presented in carrier phrases ('The word is ') With clear, unambiguous stimuli, there was no difference between carrier phrases and semantically
meaningful sentences Subjects alsways reported the word that was actually
presented, and commented on the semantic anomaly of sentences such as
paint the fence and the date' Whereas contextual information did not guide
their decisions in situations where the input was clear, the opposite was true
with ambiguous input When the acoustic information fell within the cross-over
range between /g/ and /d/, subjects identified the input as the word which was
contextually appropriate (e g as date in 'Check the time and the ) Compared to the same ambiguous stimuli in the carrier sentences, a clear shift was
observed towards the semantically appropriate word
It is not clear which level of processing is reflected by the Games and
Bond data Three options are open First, it could be that context affects pro-
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cessing at the level of the acoustic input, by making the sensory processing
system decide it is /g/, and nothing else, that is heard However, the fact that in
Samuel's (1981a) results, the actual perception of the speech signal was not
affected by context, seems to exclude this option A second possibility is that
context operates atthe level of lexical entries In this case, it would be the lexical
processing system 'deciding' which word is being presented, that is influenced by contextual information The third option is that context effects are
post-perceptual and post-selectional, not interfering with processing at the
lexical or any lower level
Another attempt to address the issue of the locus of the effects of context
is reported by Connine (1987), using the same paradigm as Games and Bond
( 1976) Connine presented subjects with unambiguous and ambiguous stimuli
from /d - 1 / and /k - g/ continua, embedded in positively and negatively biasing
contexts For each of a total of seven word pairs of the type goat-coat, ten
stimuli per continuum were created, and combined with each context type
(e g , 'She wanted to feed the goat/coat', 'She wanted to wear the goat/coât')
Subjects heard randomised multiple presentations of each of the possible
combinations Two types of data were gathered identification responses for
the first phoneme (e g, /g/ or /k/), and reaction times to make the response
The percentage of responses forming contextually appropriate words
was high at the ambiguous boundary region, replicating the basic result obtained by Games and Bond The pattern of reaction times was interpreted along
similar lines as in Connine and Clifton (1987) There, the contribution of lexical
information to the indentif ication of ambiguous speech material was contrasted
with a non-linguistic variable Lexical status was manipulated by creating wordnonword continua (/type/ - /dype/), the non-hnguistic variable was monetary
payoff The results showed that both variables, monetary payoff and lexical
information, influenced identification only in situations of stimulus ambiguity
The pattern of reaction times to make the identification decision showed an
interesting contrast between the two variables Unlike lexical status, monetary
payoff showed a reaction time advantage when the speech input was unambiguous, but not in situations of stimulus uncertainty Connine and Clifton took
this as evidence for different mechanisms underlying the effects Whereas the
lexical effect was taken to be of a truly perceptual nature, the reaction time
advantage observed for the non-linguistic variable with unambiguous stimulus
information was interpreted in terms of post-perceptual bias
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Connine (1987) applied a similar logic to her semantic context data At
the crossover boundaries, where the stimulus is neither/gate/ nor/date/, reaction times to contextually consistent and inconsistent responses were statistically identical An advantage for contextually appropriate responses was
obtained only towards the endpomts of the continua On the basis of the similarity with the data for the monetary payoff variable in Connine and Clifton
(1987), Connine argues that the same mechanism underlies these effects a
post-perceptual bias What is not clear from her results is which processing
level is affected by this bias the lexical or post-selectional level
Although Connine's approach is clearly a step forward with respect to
localizing the effects of semantic context, her results are less clearcut than
those reported by Samuel (1981a) Her conclusion to classify the effects of
context as being post-perceptual crucially depends on the absence of differences in RT in situations where there is sensory ambiguity A closer look reveals
that, first, reaction times are quite long in these cases (about 1200 msec,
compared to 800 when there is no ambiguity) With RT's of more than one
second, post-perceptual processes have ample time to contribute to the response In general, when reaction time latencies are long, it is difficult to tap into
purely perceptual processing stages, since the stimulus information decays
overtime Also, Connine does not provide an adequate explanation for the fact
that reaction times are so much slower when the input is ambiguous
Second it is unclear whether the semantic context effect in Connine's
study is a positive or a negative effect In principle, the reaction time advantage
for contextually congruous over incongruous responses could reflect either a
positive contribution of an appropriate context to the identification of a congruous word, or a negative contribution of an inappropriate context to an incongruous word, or even both There is no neutral context condition in Connine's
experiment to settle this issue Connine herself interprets the difference in RT
between congruous and incongruous responses as a negative effect The
effect, she says, does not reflect an advantage for contextually appropriate
words, but a disadvantage for words which cannot be integrated with the
sentential context Looking at her stimulus materials, 'she wanted to wear the '
indeed is not a highly predictable context for coaf It is, however, clearly an
anomalous context for goat, since goat in this context violates the selectional
restriction information of the verb ' to wear' Given the materials, then, it is likely
that the context effect is negative This has consequences for the generalizability of the results Unfortunately, with respect to the processing level at which the
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effects are to be located, not enough is known about similarities and differences
between positive and negative effects of context

Monitoring the input
In this section, I will discuss some experimental techniques which have proven
to be very influential in research on spoken-word recognition speech shadowing, monitoring for deviations, and monitoring for linguistic units All these
paradigms require the subjects to monitor the incoming speech, but the task
demands differ With shadowing, subjects have to continuously respond, by
repeating verbatim the auditorily presented message With the other tasks,
subjects monitor the utterance for the presence of a specified target This can
be a word, a syllable, a phoneme, or a mispronunciation A response is required
only when the pre-specifted target is encountered
Shadowing
To shadowa spoken message is to repeat it aloud as it is heard, staying as close
behind the speaker as possible The technique of speech shadowing was first
introduced by Cherry (1953), who used it to study phenomena of selective
listening and attention Treisman (1960), continuing this line of research, observed what she called 'contextual expectancy effects' Subjects had to
shadow messages presented in the left ear, while ignoring another message in
the right ear Cherry had already established that subjects are perfectly able to
do this At certain points, the two messages switched Subjects frequently
continued to repeat the old message - now presented to the 'wrong' ear - for
a few words This happened in particular with meaningful, continuous prose
The delay with which subjects in these experiments repeated back the
original message varied between 800 msec and two seconds Early work by
Chistovich and her colleagues, cited in Marslen-Wilson (1985), had shown that
some subjects could repeat back what they heard at latencies of about 200
msec Marslen-Wilson (1973,1985) labeled these close, as opposedtodistant
shadowers, and investigated how the two groups performed with respect to a
number of variables Marslen-Wilson argued that the behavior of close shadowers could be important for models of spoken-word processing, precisely
because they are able to repeat what they hear with such short lags What is
important is the level of processing involved in shadowing In principle, shadowing could be no more than the 'echoic' repetition of the incoming speech,
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reflecting perceptual processing at a shallow level If, however, it can be
demonstrated that the shadower's performance is influenced by contextual
information, then it must be concluded that shadowing involves 'deeper' levels
of processing With distant shadowers, whose verbal repetitions lag behind the
speech input by a minimum of 800 msec, semantic and syntactic information
has more of an opportunity to influence performance than with close shadowers If close shadowers process the input only at a shallow level, not much can
be inferred about processes of normal language understanding If, however,
their processing includes semantic and syntactic levels of analysis, their performance might be indicative of real-time language understanding
Marslen-Wilson's analysis of the errors made while shadowing showed
that close as well as distant shadowers used syntactic and semantic information when repeating back the sentences heard, and that shadowing involved
more than an echoic repetition of the speech input For both groups, the
number of contextually inappropriate errors was negligible Presenting the
subjects with semantically anomalous sentences led to an overall increase in
shadowing latency, for close as well as for distant shadowers Marslen-Wilson
concluded that the same perceptual mechanisms underly the performance of
close and distant shadowers, locating the difference between the two groups
at the output stage
In a subsequent study, Marslen-Wilson and Welsh (1978) provided further evidence that the processing of words is influenced by the preceding
context This study investigated under which conditions the shadowers either
repaired mispronounced sounds, or repeated them verbatim More 'fluent
restorations', that is, repairing the word without hesitation, occurred in contextually constrained than in unconstrained words, and more restorations were
found later in the word (e g , /sigarep/ repeated as /sigaret/) This latter finding
was interpreted as corroborating evidence for a cohort-approach to word
processing The intact initial portion of the word leads to lexical access, and
mispronunciations later in the word will be restored more frequently in these
cases
Ottevanger (1986) reports a different pattern for Dutch Her (distant)
shadowers were under the explicit instruction not to pay attention to the mispro*
nunciations, but to act as if these were not present Fewer fluent restorations
were obtained in constraining contexts, compared to the same words presented in isolation (73 and 85% respectively) Moreover, in the context condi-
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lions, mispronunciations late in the word were not restored more frequently than
those occurring early Thus, Ottevanger's results do not support the view that
contextual and lexical factors influence processing at the level of speech
perception It should be noted, however, that in Ottevanger's study, different
groups of subjects were used in the isolation and the context conditions
Therefore, her results might in part be confounded by differences between
subjects
Cole and Perfetti (1980) and Samuel (1986) note an interesting paradox
between shadowing mispronounced materials and monitoring for mispronunciations This can be illustrated by one of Marslen-Wilson and Welsh's (1978)
conditions, where the mispronunciations are clear (3 features different from the
original), and contextual constraints are strong The shadowers fluently restore
these mispronunciations in 42% of the cases, whereas other subjects, monitoring for mispronunciations on exactly the same material, detect these in 97% of
the words With the shadowing task, fluent restorations of mispronounced
words are taken to be an index for the effectiveness of higher-level constraints
But since, as far as shadowing accuracy is concerned, each restoration constitutes an error, the subjects' performance is actually worse in these cases If
shadowing constitutes an on-line reflection of word processing, and if, as
Marslen-Wilson and Welsh state, "the top-down/bottom-up interactions are
the primary operations that produce the listeners' conscious percept" (page
44), then not only is the subjects performance worse, but also - per implicationem - their perception of the sensory input
This contrasts with the high mispronunciation detection rate for the same
material, and with the general picture emerging from the mispronunciation
detection studies As we will see in the following section, most researchers
report overall high detection rates, and shorter latencies when contextual
constraints are high Thus, with mispronunciation detection, context facilitates
a response to a predictable, be it mispronounced, item Contrary to what the
shadowing results seem to indicate, however, the item is clearly perceived as
being mispronounced In the light of this paradox, it is difficult to decide what
exactly is measured with these paradigms Cole and Perfetti suggest that
shadowers, although they have to provide a verbatim repetition of the input, are
encouraged to use higher-level information They are not instructed to detect
mispronunciations, and rely on contextual cues to optimize their shadowing
performance With mispronunciation detection, subjects are explicitly told to
monitor for deviations, and, as with shadowing, they use context to improve
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their performance Thus context helps in both cases, but the observable
response pattern is quite different The question still remains which performance best reflects normal, on-line perceptual processing
Mispronunciation detection
Closely related to shadowing is monitoring for deviations Since Cole (1973)
introduced listening for mispronunciations as a measure to study speech
processing, a fair amount of studies on the effects of context has been reported
with this paradigm (Cole and Jakimik 1978, 1980, Jakimik 1980, Cole and
Perfetti, 1980, Ottevanger, 1986) Before turning to the results of these studies
and to the nature and the locus of obtained effects, I will first introduce the
assumptions underlying the mispronunciation-detection paradigm
With mispronunciation detection listeners are presented with spoken
words of which a single speech segment has been changed to produce a
phonologically legal non-word e g , the dutch word zakje changed to zafje
Subjects have to push a response button as soon as they hear a mispronunciation, and the time it takes to detect the mispronunciation is measured from
the onset of the altered segment Detection rates are generally very high,
between 85 and 100 percent, depending on the acoustic/phonetic distance
between input and intended word, and the position of the mispronunciation in
the stimulus
The assumption underlying the paradigm is that the amount of time it
takes to recognize a word is di rectly related to the time it takes to detect that the
word has been mispronounced Perceiving the mispronunciation, in this view,
is a natural consequence of recognising the original word Cole and Jakimik
(1978) admit that there is another way in which a listener can discover a mispronunciation the non-word route As soon as the listener knows that the input
does not constitute a word, she can decide that a mispronunciation must have
occurred These two routes will be considered again after the discussion of the
results of the most prominent studies in this area
The experimental evidence obtained with this paradigm can be summarized as follows A series of experiments, reported in Cole and Jakimik (1978)
showed that mispronunciations are detected faster when they occur in words
that are constrained by the preceding context A first example was the replication, with the mispronunciation task, of the results obtained by Morton and Long
(1976) with a different paradigm (see also Phoneme monitoring) Mispro-
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nounced versions of words that were predictable from the sentence context
(e g , 'He sat reading a book', /b/ pronounced as /v/) were detected about 150
msec faster than words that were not predictable (e g , 'He sat reading a bill',
/b/to/v/)
Jakimik (1980) obtained effects of predictability and position of the
mispronunciation (first vs second syllable) Comparing neutral and predictive
contexts, the positive effect of context was about 55 msec Detections were
faster when the mispronunciation occurred in the second syllable, but the
variables did not interact-3 In her second experiment, Jakimik varied the
frequency of the first syllable Word-initial syllables are frequent if they occur in
many words (e g , com, or in), syllables are infrequent if they are shared by only
a few words (e g vam or chau) Mam effects of context and syllable frequency
were obtained, together with an interaction The facilitatory effect of an uncommon first syllable was substantially reduced in constraining contexts
With the mispronunciation paradigm, effects of context are extremely
robust With respect to the nature and iocus of the obtained effects, it is important to consider the sentence materials In general, the sentences were strongly
predictive of the target words Predictability ratings, measured in cloze tests,
were between 40 and 60% On closer inspection, it is also clear that most of the
sentences contain words that are strongly associated to the mispronounced
word This is obvious in the material for the 'prior word' context experiment,
reported in Cole and Jakimik (1978), where, with the sentence frame being
equal, associated pairs such as mink coat were compared with neutral pairs
such as pink coat But this also holds for the more global sentence contexts
In one of Jakimik's sentences, the words 'patient' and 'nurse' preceded the
mispronounced target word doctor, by all accounts the classic example in the
literature on semantic priming Effects obtained with these materials can easily
be attributed to mtralexical priming It is difficult to assess, therefore, what the
results say about potential effects of sentential semantic contexts in situations
where the sentences do not contain high associates of the target word
Interestingly, in part on the basis of their mispronunciation data, Cole and
his co-workers arrive at a theory of word perception which poses problems for
the interpretation of their own results Their model of speech perception is very
similar to the early version of the Cohort mode! (Marslen-Wilson and Welsh,
1978), where words are accessed on the basis of the sensory information
contained in word beginnings A consistent finding is that late mispronuncia-
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lions are detected faster than mispronunciations at word onset With late
mispronunciations, the word-initial information is intact, so that the intended
word can be accessed in the lexicon Successful lexical access, Cole et al
argued, speeds up subsequent recognition, and - ipso facto - the detection of
the mispronunciation
A problem for this approach are the mispronunciations involving the first
phoneme of a word Let us consider an input such as bleasant Coleetal argue
that the listener in this case has insufficient, in fact, inappropriate, sensory
information to recognize the word Other words might be accessed on the basis
of the mispronounced first syllable (e g , blemish, blend, blessing), but not the
intended word pleasant Subsequent sensory information will discard all candidates, and at some point the analysis of the input will fail to result in the
recognition of a word At this point, it is clear that the non-word bleasant has
been heard And this brings us back to the two possible routes to make mispronunciation decisions the word-recognition route, and the non-word route
Given that with mispronunciations on the first phoneme the word-recognition
route fails, a non-word strategy has to be applied
This cannot be what happens, however Cole and Jakimik (1978) report
that in more than 90% of their cases, subjects are able to correctly identify the
original word More importantly, reaction times to word-initial mispronunciations show strong effects of context These can only come about if the original
word (e g , pleasant) is, in one way or another, available to be matched against
the contextual constraints, no context effects are to be expected with the nonword bleasant Therefore, the effects obtained with early mispronunciations
cannot be accounted for by the proposed model For word recognition models,
two options are open One is that context is allowed to have its effect very early
during word processing By overriding the bottom-up information, context
serves to include the mispronounced word in the set of candidates for recognition The non-word route should only be applied when context is not constraining A second solution is to allow for partial mismatches between the input
and lexical representations The /b/ in bleasant is the only segment that does
not match with the representation of the word pleasant If a partial mismatch
between bottom-up information and lexical representations does not lead to a
categorial rejection of these representations, then the mispronounced word
could still be available for recognition 4
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A different solution to this dilemma is to claim that the task does not always
exclusively measure on-line speech and word processing Let us assume, as
is claimed in the models by Cole and Marslen-Wilson, that normal word recog
nition fails with word-initial mispronunciations Because the normal system fails
to find a lexical entry compatible with 'bleasant', a mispronunciation detection
response can be made The reaction time latencies will be relatively long,
because the decision has to be postponed until the system 'knows' a non-word
has been presented As argued earlier, on this interpretation, contextual infor
mation cannot affect non-word decisions The context effects obtained in these
situations, therefore, are not a reflection of on-line language comprehension
processes They are caused by strategic cognitive operations at the more
general level of task demands
The following illustrates what such a strategy might look like The sub
ject's task is to detect mispronunciations as quickly as possible If contextual
constraints are strong, the subject can actively use contextual information to
generate expectations on what may follow Given the high predictability scores,
she will frequently predict the correct word A subject who expects, for ex
ample, the word pleasant could easily detect the close correspondence be
tween the percept bleasant and the predicted word pleasant, and decide that
a mispronunciation has been heard This strategic use of context could affect
the decision latencies, in particular when response times tend to be slowь The
context effect obtained with early mispronunciations, with this explanation, is
not a reflection of what normally happens during on-line language understand
ing
Monitoring for words
Subjects engaged in a word monitoring task listen to sentences for a target
word specified in advance, and they press a button as soon as the target is
detected Word targets can be specified in a number of ways With identicalword monitoring, the subject hears or sees the exact word target she is going
to listen for (e g , cat) In rhyme monitoring information is given on what (part
of) the word will sound like, by presenting in advance a word which rhymes with
the target (e g , hat) The target word can also be specified semantically An
example is category monitoring, where the semantic category to which the
target belongs is given (e g , animal) Response latencies to detect the target
in the sentence are always measured from its acoustic onset
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All three types of word monitoring were used in a study by Marslen-Wilson
and Tyler (1980), conducted to corroborate their on-line interactive theory of
language processing For the present purposes, I will only discuss the effects
of contextual constraint on word recognition Three prose conditions were
used normal sentences, syntactic prose, and random word order In syntactic
prose, the overall grammatical structure of the sentence ts preserved, but there
is no coherent interpretation possible In tne random word order condition, the
words of the syntactic prose sentences are presented in random order Mam
effects of context and task were obtained, with identical monitoring being
fastest and category monitoring slowest As for the effects of context, monitoring times were always fastest in normal prose Also, an advantage was obtained of syntactic prose over random word order, indicating that structural
information enhanced monitoring performance even in the absence of semantic information
Effects of context were demonstrated with each version of the task The
magnitude of the effect was about equal with identical and rhyme monitoring,
but the category task showed effects almost twice as large This was explained
with reference to the semantic nature of the task With category monitoring, the
semantic attribute-matching between the pre-specified category and the target is enhanced by the presence of the semantic information preceding the
target6
Marslen-Wilson and Tyler's study has been criticised because of possible
confounds between syntactic and semantic variables, ' and for the absence of
statistical interactions as crucial support for their interpretation of the results in
terms of processing interactions between semantic and syntactic levels
(Cowart, 1982, but see Marslen-Wilson and Tyler, 1983)
With respect to the effects of semantic information, Marslen-Wilson and
Tyler claim to have obtained positive, facihtatory effects It is unclear what the
basis for this claim is The finding that words are responded to faster in normal
than in semantically deviating sentences does not necessarily mean that the
obtained effect is positive It is impossible to estimate the strength of the
contextual information in their normal prose sentences, since the predictability
of the target words was not specified In an additional experiment reported in
Marslen-Wilson and Tyler (1980), the first sentence of the original normal prose
sentence pair was removed Depending on the predictiveness of the contexts,
this could result in a more or less drastic reduction of the informative value of
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the sentence material Monitoring times, however, were identical in the long and
short versions of the normal prose condition Although Marslen-Wilson and Tyler
attribute this to the fact that different groups of subjects were used in the two
experiments, this result can also be taken to indicate that the long versions of
their normal prose context were not very predictive In general, in the absence
of a true neutral baseline condition, there is no reason to opt for facilitation 8
To support their interpretation of the effect as being facilitatory, MarslenWilson and Tyler observed that in normal prose, the mean response latencies
were shorter than the mean length of the target words Subtracting time for
response execution, they estimated that words in context were recognized
after no more than 200 msec of the word has been heard Marslen-Wilson and
Tyler argued that contextual variables must have interacted with the sensory
processing of the spoken target word, otherwise, it could not have been recognised so early
There is, however, an alternative explanation for this This explanation
holds for identical monitoring only,9 it crucially depends on the fact that the
exact same lexical element which is spoken in the sentence context has been
specified in advance In these circumstances, the subject does not need to
recognise the spoken word to make a response In particular in the absence of
catch trials, the subject could respond on the basis of an overlap between
spoken input and pre-specified word of no more than one or two segments
Marslen-Wilson and Tyler counter this argument by referring to the literature on
phoneme monitoring, where it was established that knowing a target in advance did not lead to processing strategies different from those used in normal
situations The fact that lexical effects, and context effects, are obtained with
phoneme monitoring shows that lexical and semantic information is automatically accessed However, phoneme monitoring and identical monitoring are
not the same With phoneme monitoring, context effects cannot occur when the
response is made at a phonemic level of analysis, that is, before access to the
lexical level has been accomplished There is no way to explain the effects of
context without reference to the semantic information of the word to which the
pre-specified phoneme belongs
With identical monitoring, this is not necessarily the case Let us consider
what a subject might do under these circumstances She sees the word CAT,
presented on a card or a screen, and is told to press a button as soon as this
word is heard While listening, the subject continuously checks the specifica-
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tion of the word cat against the semantic and syntactic information contained
in the sentence At some point, an ideal place for cat to occur is encountered
The subject then hears a word onset compatible with cat, and immediately
presses the button Her decision will be right, since there are no planned catch
trials, where only partial matches such as cap are presented
With this explanation, access to, or the recognition of, the spoken word
is not at issue Context effects are obtained on the basis of the congruence
between contextual information and the visually pre-specified word The obtained effects need not say anything about the processing of the spoken word
other than the identification of, say, its first two segments Thus, with identical
monitoring there is a perfect confounding between two presentations, at different points in time, of the same lexical element Under this interpretation, the
relationship between the context and critical word, and therefore the potential
effect of context, can be established before the spoken target is heard 40
Phoneme monitoring
In phoneme monitoring, a task developed by Foss, subjects monitor for the
occurrence of a pre-specified sound in the sentence they are listening to In
early experiments, the phoneme monitoring paradigm was used mainly to
study word frequency (Foss, 1969), structural complexity (Foss and Lynch,
1969, Hakes, 1972) and lexical ambiguity (Foss, 1970, Swmney and Hakes,
1976) Although the ambiguity studies also manipulated contextual variables,
they will not be discussed here, since most of them can be criticized for methodological reasons (see Mehler, Segui and Carey, 1978)
Morton and Long (1976) were the first to demonstrate effects of context
on the processing of unambiguous words with the phoneme monitoring task
Comparing monitoring latencies for the same word-initial segments (e g , /b/)
in contextually predictable and unpredictable words (e g , 'the sparrow sat on
the branch' vs 'the sparrow sat on the bed'), Morton and Long obtained clear
effects of context Measured from word onset, responses to targets embedded
in contextually predictable words were some 70 msec faster than to the same
targets in unpredictable words
These results have been replicated by Foss and Blank (1980), using the
exact same materials Foss and Gernsbacher (1983), however, discovered a
serious flaw in Morton and Long's experimental materials They observed that
reaction times to word-initial phonemes varied as a function of phonetic con-
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text Reaction time was positively correlated with the duration of the vowel
following the initial consonant An experiment using Morton and Long's targetbearing words, this time presented without the contexts in which they had originally been embedded, basically replicated the context effect despite the absence of any context It turned out that vowel duration and contextual predictability were almost perfectly confounded in the Morton and Long material
There are, however, a number of studies with the phoneme monitoring
paradigm to which this confounding does not apply In these studies, the word
in which the target was embedded was kept constant, and context was varied
Except for a study by Dell and Newman (1980), and for one of Blank's dissertation experiments (1979), all studies measured the effects of context through
monitoring responses to the initial phoneme of the word directly foltowing the
critical word With monitoring times to the initial phoneme of the critical word
itself, there is always uncertainty as to whether the response is made on the
basis of lexical or pre-lexical levels of representation (see Cutler and Norris,
1979, for a discussion of this issue) When one measures responses to the first
phoneme of the word following the critical word, this does not apply In this
case, it is unimportant whether the response is read off pre- or postlexical levels
of representation, since the response is made to a word whose contextual
appropriateness is not at issue With responses on the word following the
critical word, it is at least clear that the preceding word will have been heard
fully The rationale behind this version of the task is that if contextual information
speeds up the recognition of the critical word, latencies to detect a target on
the following word will be facilitated
In an experiment using this technique, Blank and Foss (1978) manipulated predictability by varying the number of semantically related words
embedded in the sentence preceding the critical word Four combinations of
neutral and related words (e g , The drunk concealed/winked his aching/
bloodshot eye /p/robably without ', where eye is the critical word, and /p/the
target) were used In the example, conceal' and 'aching' are neutral with
respect to the critical word eye, whereas 'wink' and 'bloodshot' are semantically
related to it The target phoneme /p/ occurred immediately after the critical
word, and was identical across context types Compared to the neutral conditions, reaction times to detect the initial phoneme were faster when the preceding context contained one related word (21 msec) This effect was doubled
when two related words were present (44 msec), the effects were additive
These results were replicated in a study by Foss, Cirilo and Blank (1979), using
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the same material but different subjects, and in a study by Cairns, Cowart and
Jablon (1981), who obtained a much larger effect of 75 msec, with different
material
Two comments can be made with respect to these results First, all studies used contexts containing words that were strongly related to the critical
word As with the mispronunciation detection studies, associations between
words in the context and critical words such as 'cui-knifé, 'clown-circus' and
'bathroom-tub-p/ümme^ (critical words italicized) were quite common The
same argument that was made earlier can be repeated here the context effects
obtained with semantically associated words do not tell us much about sentential contexts in general The effects can be explained as phenomena inside the
lexicon, no reference to a more global level of semantic processing is needed
That an explanation in terms of mtralexical priming cannot be the whole story
was demonstrated by Foss (1982) Foss investigated whether the recognition
of a critical word was differentially affected by the format in which the semantically related words were presented He embedded these words either in
normal sentences or in random word order prose, and collected latencies to
detect the first segment of the word following the critical word The 'mtralexical
priming' effect depended on whether the associated words preceding the
critical word were embedded in sentences, or in random prose Context effects
were obtained with the related words embedded in normal sentences, but not
with the random material, the only exception being cases where the associates
immediately preceded the critical word
A second point is that, with phoneme monitoring on the first segment of
the word following the critical word, only global effects of contextual information
can be measured Facilitation of monitoring latencies in this case indicates that
the processing of the critical word was enhanced by contextual information, but
there is no way to decide where exactly context had its effects before, during
or after the actual processing of the spoken word Foss and Ross (1983)
acknowledged this, they tried to get some insight in the locus of contextual
phenomena by comparing monitoring latencies to detect either the first phoneme of the critical word itself, or the first phoneme of the following word Effects
on the word itself would be an indication for early effects of context If the effects
were only to obtain on the next word, Foss and Ross argued, then the effects
would probably havetobe located at an integration stage of lexical processing
Clear effects were obtained only on the words following the critical word,
suggesting that the locus of these effects is more likely to be at the integration
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stage It must be kept in mind that, except for the evidence obtained with the
original Morton and Long materials, whose reliability is extremely questionable,
there is no clear evidence in the literature demonstrating context effects when
the target is the first phoneme of the critical word itself It is entirely feasible that
in these cases, the monitoring response is read off a pre-lexical representation
In the light of Samuel's (1981 a) results, no effects of context are to be expected
in this case

Crossmodal tasks
The reader familiar with the literature on context effects in the visual domain
might wonder whether the two tasks that have been so extensively used there
have their equivalent in the spoken domain I am referring here to 'lexical
decision' and 'naming' In lexical decision, the subject has to decide whether
a target is an existing word of her language In the visual domain, positive and
negative effects of sentence contexts on lexical decision latencies have been
demonstrated, amongst others by Shubert and Eimas (1977), Fischler and
Bloom (1979) and Kleiman (1980) With naming, the subject has to read out
loud the target word (Stanovich and West, 1981, Forster, 1981, Noms, 1987)
With visual presentation, it is relatively easy to make the subject react to
the critical word embedded in a sentence To indicate to which word a response
is required, the target can be distinguished from the preceding words by some
visual means For example, the word can be printed in uppercase, or at a
different location on the screen This is far more difficult with auditory presentation How does the subject know which word to react to 7 The only way to
indicate that the critical word is about to be presented is to mark its onset, for
example by using alternating voices, or external sounds such as bleeps 1 ' It is
not surprising that auditory lexical decision and naming have been used with
isolated words presented in lists, but not with sentence material
One possible solution to this methodological problem is to present the
target word visually This research strategy has been labeled 'crossmodal' The
crossmodal presentation format has been used to study a whole range of
phenomena word-priming (Warren, 1972), the resolution of anaphora (Tyler
and Marslen-Wilson, 1982) and the resolution of structural ambiguities (Tyler
and Marslen-Wilson, 1977) In these studies, a critical word which formed the
continuation of the spoken sentence was presented visually, as a target for
either lexical decision or naming
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First and foremost, the crossmodal presentation format has been used to
study lexical ambiguity The methodology of these experiments differs from the
above crossmodal studies in that the relationship between the visual stimulus
and the sentence is less direct In the earlier studies, the visually presented
target word was a continuation of the spoken sentence, in the ambiguity studies, this is not the case Here, the visual target word is semantically related to
the meaning of one of the words in the spoken sentence This version of the
crossmodal paradigm uses the established effect of semantic priming to trace
the processes of lexical access and meaning selection Therefore, the task has
become to be known as 'crossmodal priming' I have no intention of reviewing
the complete literature on lexical ambiguity here (see Levelt, 1978, and
Simpson, 1984, for overviews) Rather, focusing on the effects of context a few
representative studies will be discussed
The first, and most frequently studied question concerning lexical ambiguity is whether all meanings of an ambiguous word are accessed during word
recognition Two general hypotheses have been formulated exhaustive access and frequency-ordered access In the first view all meanings of an
ambiguous word are activated upon lexical access, in the second, only the
most frequent meaning is accessed A second question concerns the effects
of context on the momentary access of the individual meanings of ambiguous
words The hypotheses formulated above can be extended or modified in a
number of ways to incorporate potential effects of context With respect to
context effects, the frequency-ordered access hypothesis still claims that the
most frequent meaning is always accessed first If this meaning does not fit the
context, the second-most frequent meaning is retrieved and checked against
the context, and so on The exhaustive access model claims that the occurrence of the ambiguous word activates all of its meanings, independent of the
presence or absence of contextual information The contextually appropriate
meaning would then be selected at a post-perceptual stage of processing
There is a third hypothesis in the literature (see Simpson, 1984), which is only
concerned with context effects, and not with general questions of lexical
ambiguity and meaning access This context-dependent position holds that
only those meanings of ambiguous words will be accessed which are compatible with the constraints provided by the context
These hypotheses have been tested in a whole series of studies using the
crossmodal priming technique The earliest study, to my knowledge, used a
crossmodal variant of the Stroop color naming task Conrad (1974) found
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slower color naming times for visually presented words related to either meaning of a spoken ambiguous word, indicating that both meanings had been
activated Conrad's experiment was criticized for the repetition of items, but her
results have been replicated since Oden and Spira (1983), using the same
task, obtained activation of both meanings of the ambiguous word, but the
magnitude of the facilitation was modulated by context Contrary to Conrad,
who presented the colored target words immediately after the ambiguous
word, Oden and Spira used an interstimulus interval (ISI) of 500 msec The
timing of the presentation of the visual stimulus, relative to the spoken ambiguous word, is extremely critical, as we will soon see
Swmney and his collegues (Swinney, Onifer, Prather and Hirshkowitz,
1978, Swsnney, 1979, Onifer and Swinney, 1981) used the crossmodal priming
technique in combination with lexical decision Subjects made lexical decisions to visually presented target words, related to one of two meanings of an
ambiguous word, which was part of an auditorily presented sentence In the
'typical' Swinney experiment, three visual target words are presented in combination with each material set, for example ANT, SPY, and SEW The first two
are related to the two meanings of the ambiguous word 'bug', the third is a
control word The ambiguous word is presented in biasing and neutral contexts,
in the biasing context it is preceded by a number of disambiguating related
words (' was not surprised when he found several spiders, roaches, and other
bugs ') The target words are presented at different ISI's, relative to the acoustic offset of the ambiguous word When the target words were presented at a
zero ISI, the results supported the exhaustive access hypothesis With an ISI
of 1 5 seconds, however, only the contextually appropriate meaning was still
facilitated
Seidenberg, Tanenhaus, Leiman and Bienkowski (1982) conducted a
whole series of experiments in which context type and ISI were varied Sentence contexts contained one of three types of constraint syntactic constraints
('They all rose' vs 'She bought a rose', target FLOWER), a semantic bias ('You
play the spade' vs 'You buy the spade', target CARD), or a semantic associate
of the ambiguous word ('The farmer bought the straw' vs 'Joe bought the straw',
target HAY) The subjects in these experiments had to name the visually presented word as quickly as possible
Exhaustive access was obtained at zero ISI, except in one condition If
the context contained a word that was highly associated with one meaning of
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the ambiguous word, selective access to that meaning was demonstrated at
the zero ISI position Seidenberg et al considered this to be an effect of associative priming of the type referred to earlier as 'mtralexical' ^ It will be clear
from the example given above that the strong semantic relationship is not only
between farmer and the ambiguous word straw, but also between farmer and
the target word HAY Strong lexical priming effects are obtained in such situations (Schvaneveldt, Meyer and Becker, 1976, Hagoort, in press) After 200
msec, the contextually appropriate meaning was selected in all contexts
Cataloguing the evidence, although most studies demonstrated multiple
access, some contextual variables did affect meaning activation ai an early
stage 1J Moreover, in studios where evidence for multiple access was found,
global effects of context still obtained Although only few of the authors acknowledge the existence of these effects, the evidence is pervasive Oden and
Spira (1983) explicitly discussed that their evidence for multiple access was
modulated by context Interference, in the Stroop task used in their study, was
much larger for contextually appropriate than for inappropriate meanings
Simpson (1984) notes the general existence of similar effects throughout
the literature In most studies, there is an advantage for the contextually appropriate meaning Although the inappropriate meaning - relative to a control
condition - produces significant facilitation, the amount of facilitation is smaller
than for the contextually relevant meaning of the word Simpson noticed that
this pattern, although not overtly discussed in the literature, holds for thirteen
studies
These unobserved and perhaps unwanted - effects of context can be
illustrated by reference to the Swmney experiments discussed earlier In the
first (1979) study, there are clear effects of context for both ambiguous and
unambiguous words Although multiple access is demonstrated, there are
clear reaction time advantages for the target ANT when preceded by the words
'spiders and roaches' This holds for the sentences in which the ambiguous
word 'bug' is presented (26 msec), as well as for the sentences with the unambiguous word 'insect' (37 msec) The differential context effect observed by
Simpson can be exemplified by looking at the first experiment in theOmferand
Swmney (1981 ) paper There is clearly more facilitation for the target word related to the contextually appropriate meaning, independent of whether this is
the dominant (28 msec) or secondary (22 msec) meaning of the ambiguous
word In the quest for context-independent phenomena of meaning activation,
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these effects have remained unnoticed It is therefore impossible to assess their
statistical significance It is nevertheless important to take these phenomena
into consideration if one wants to understand how and when contextual information modulates processing at the lexical level

Paradigms compared
The state of the art in the domain of context effects on spoken-word processing,
with respect to research methods and outcomes, is not easily summarized In
this section, I will try to assess the success of each paradigm by checking the
results it produces against four issues, or questions The first issue concerns
the alleged locus of the obtained effects What can be inferred about the level
of processing at which contextual information operates? Three levels were already distinguished the level of the sensory signal (also labeled 'perceptual
processing'), the lexical level, and a post-selectional level of semantic integration The post-selectional level refers to the situation in which the phases of perceptual and lexical processing, using the sensory input as their sole source of
information, have been terminated with the selection of one lexical element
The second question concerns the nature of the contextual variables
Two issues are relevant here on the one hand, the distinction between types
of contextual information (intralexical vs truly sentential contexts), and on the
other hand, the distinction between types of bias (neutral, positively, and
negatively biasing contexts) Given that these context types have been shown
to have differential effects, and maybe different loci, it is important to evaluate
the obtained results in the light of this question
The f/i/rofquestion concerns response latencies Most researchers agree
that long latencies provide the opportunity for 'late' processes to have an effect,
thereby potentially contaminating or overruling effects of earlier processing
stages ' ' Moreover, when response latencies are long, the sensory information
relevant for perceptual levels of processing has had more of an opportunity to
decay by the time the subject responds
In addition, long latencies, in contrast to short ones, are generally considered to be more susceptible to strategic, task-induced operations This brings
us to the fourth question, which concerns the general likelihood that particular
task-induced strategies will contaminate the results (see also Posner and
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Snyder, 1975, Humphreys, 1985) Certain tasks are considered to be more
susceptible to strategic operations than others Lexical decision, for example,
is generally considered to be more strategy-prone than naming (Balota and
Chumbley, 1984, Seidenberg, Waters, Sanders and Langer, 1984) For the
present purpose of tracing the strategic use of contextual information, a distinction can be made between tasks where the subject is focused on the critical
word, because a response is required at the level of the word, and tasks where
this does not apply If a response is required at the level of the word, to solve
the demands of the task, the subject might profit from the context in which the
word is embedded in ways that are different from the normal listening situation
If a response is required to a target of a different type, such as a phoneme or
an associated probe word, it is less likely that contextual information can be
used strategically to solve the demands of the particular task at hand Along the
lines of these four questions, the paradigms discussed earlier will be critically
evaluated
The manipulation of speech
The signal-detection variant of the 'phoneme restoration' paradigm (Samuel,
1981a, 1981b) showed that context did not affect the actual processes of
speech perception With respect to the locus of the effects of context, the data
suggested that context biases decision processes, but it was unclear whether
the lexical or the post-selectional level was involved The contexts used were
either neutral or positively biasing, but did not contain any words associatively
related to the critical word The obtained effects, therefore, cannot be attributed
to mtra-lexical connections No latencies are measured with the signal detection technique
The results from the experiments using speech-contmua corroborated
the finding that speech perception is not affected by context Again, it is not
clear at which higher level the effects have to be located There were two
problems with the research reported by Connine (1987) First, negatively biasing, in fact anomalous, contexts were used It is unclear whether results obtained with anomalous contexts can be generalised to normal sentence processing Second, reaction times in the critical conditions were quite slow
Finally, - and this also holds for the signal-detection experiments by Samuel subjects are concentrated on the word, enhancing the likelihood of the occurrence of strategic influences 'fa

Speech shadowing
With one paradigm, the shadowing task, it has been explicitly claimed that
contextual information affects sensory processing Shadowers fluently restored mispronunciations, using the information contained in the sentences to
aid the identification of the intended lexical element There are, nowever alternative explanations for the locus of this effect One possibility is that shadowers use context in a predictive way, to enhance their performance If, however,
'sophisticated guessing' had been the shadowers' strategy, one would have
expected far more errors than the subjects actually made An alternative locus
for the effect is the output stage What is measured is the shadower's output,
the fact that she restores the word does not necessarily imply that the mispronunciation has gone undetected The speed with which fluent restorations are
produced is somewhat problematic for this explanation If the effect of context
is at the output stage, the full mispronounced stimulus must have been processed before context can speed up the response Given that with fast shadowers the lag between input and output is often no more than 200 - 300 msec,
it is quite unlikely that the full stimulus could have been heard
Fast shadowing latencies do not necessarily imply that context affects
processing at the sensory level of analysis, but they render a post-selectional
interpretation rather unlikely It is, however, still entirely possible that contextual
information influences processing at the lexical level With shadowing, it is not
completely clear in how far subjects are tuned to respond at the level of the
word Although, given the fast shadowing latencies, a strategic exploitation of
contextual information is not very likely, it has been suggested (Cole and
Perfetti, 1980) that shadowers actively use the available contextual information
to optimize their performance in ways that are different from normal language
understanding "6
Mispronunciations
With the mispronunciation detection task, the errors in the signal were almost
always detected, in and out of context With respect to the first issue, the locus
of the effects of context, context apparently did not hamper speech perception
What varied as a function of context was the speed with which the mispronunciations were detected For the word-initial mispronunciations, it remains
unclear what can be inferred about processes and strategies, and the effects
of context The long reaction time latencies are at least suggestive of strategic
operations For mispronunciations later in the word, it is not clear whether
lexical or post-selectional levels of processing are affected The answer to the
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second question concerning the nature of the contextual variables is quite
clearcut Given the high frequency of occurrence in the context sentences, of
words that were semantically associated with the target word it is most likely
that the obtained effects are intra-lexical in nature However, lexical associations are not equivalent to sentential contexts Therefore, the results cannot be
generalised to the domain of higher-level sentential representations Finally
with respect to the third and fourth point, with monitoring for mispronunciations,
subjects clearly have to focus on the level of the word They have to either
detect the mispronunciation via the recognition of the word, or through the
failure of the lexical system to recognise aword With long reaction times, found
with word-initial mispronunciations, strategic effects have a chance to contaminate the results
Monitoring for phonemes
The criticism concerning the high number of related words also holds for most
of the phoneme monitoring studies, where context effects are only obtained
when the target occurs after the critical word Again, as with mispronunciation
detection, the effects are most probably due to intra-lexical connections
Reaction times are reasonably fast (500-700 msec), but considering that responses are made half a second after the critical word had been fully presented, the influence of context measured with this paradigm can hardly be
considered to be an early effect As with most other paradigms, it is unclear
whether lexical or post-selectional levels are involved With respect to taskinduced strategies, there is no obvious reason with phoneme monitoring for the
subjects to focus on the word level With the target phoneme being part of the
word following the critical word, strategic effects could only influence the
processing of a word whose contextual appropriateness is not at stake
Word monitoring
The normal sentence contexts used in the word-monitoring studies were not
strongly predictive of the target word In the Marslen-Wilson and Tyler (1980)
study, and in the experiment reported by Brown (1984), some contexts were
clearly anomalous, and therefore provided negative constraints For normal
contexts, the response latencies obtained with the various versions of wordmomtoring are quite fast, even with the slowest variant of the task category
monitoring With identical monitoring, response execution is initiated at a point
in time where the full word has not yet been presented This fact seems to
exclude the possibility that context effects are tocated at a stage where the
actual selection of the spoken word has been accomplished on the basis of
sensory information alone
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As was discussed at some length, the extremely early responses with
identical monitoring, relative to the mean duration of the words, have more than
one explanation Although the earlmess of the responses seems to suggest an
early locus of the effects of context, it is not necessary to conclude that the data
provide evidence for the interaction of perceptual and contextual levels of
processing With word monitoring, the subject is clearly tuned to the critical
word She is in fact actively looking for the word, scanning the input for an
indication of its occurrence As was argued earlier, the subject's response
might not say anything about the actual processing of the spoken word under
these circumstances Thus, although short latencies might not speak in favor
of strategic processing, the task is per definition vulnerable to such operations,
certainly in the absence of catch trials
Crossmodat priming
With the crossmodal lexical decision paradigm, it is at least clear at which level
of representation the response is generated at the level of the lexicon The
response is 'read off' the lexical level because the subject has to decide
whether the presented stimulus is a word or not In addition to response generation, effects of context are also assessed via the lexical level of representation The very nature of the paradigm exploits the semantic relation between the
visual target word and the spoken word prime a relationship between lexical
elements If contextual information relative to a neutra! baseline modulates
this relationship, these effects will become apparent at the lexical level of
representation Obviously, if contextual information enhances processing at an
earlier, sensory level of analysis, these effects could persevere into the lexical
level Similarly, if the effects of context on the relationship between prime and
target do not show up before the spoken prime word has been fully presented
- indicating that the locus of the effect is at the post-selectional integration
stage - it is still through the lexical level of representation that the effect is
mediated The results obtained with this task show that the paradigm is sensitive to differential levels of (meaning) activation, and to the effects of context on
this activation Moreover, for ambiguous words, these effects could be unequivocally attributed to post-selecttonal stages of meaning integration
Reaction times are generally fast with crossmodal priming, but a discussion is currently raging whether lexical decision or naming is the best suitable
task In the visual domain, there is much discussion about the peculiarities of
the lexical decision task (Balota and Chumbley, 1984, Balota and Lorch, 1986,
Seidenberg, Waters, Sanders and Langer, 1984) It is often argued that context
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effects found with lexical decision are susceptible to post-perceptual, and even
to strategic effects the fact that a word fits the context makes the decision to
say that it is a word easier These arguments do not apply to the same extent
to the crossmodal priming tasks In the crossmodal semantic primmg paradigm, lexical decisions are noi made to the spoken words whose contextual
appropriateness is assessed, but to visually presented targets With crossmodal lexical decision, the argument that lexical decision is susceptible to late, or
strategic effects, applies to the visual target words, and not to the spoken word
primes No response is required to the spoken words, whose contextual
appropriateness is at issue So, as long as the visual target words are not
semantically related to the sentence context, the problems with lexical decision
are not relevant in the crossmodal situation
Conclusions
In the context of the evaluation of the available research tools, it is not surprising
that the crossmodal priming paradigm was selected for the mam experiments
to be reported here If contextual variables are correctly manipulated to distinguish lexical and sentential contexts, the crossmodal paradigm is a most
promising research tool to investigate the on-line effects of semantic context on
word processing It has the distinct advantage that it is applicable at various
points in time during sentence and word processing Responses to the visual
target word can be gathered at any point during the processing of the spoken
word, by aligning the presentation of the visual probe to particular points in the
critical spoken word This aspect of the task enables us to trace the effects of
context on the spoken word while it is being processed
Moreover, it is the only paradigm which allows, at the level of the lexicon,
for the simultaneous assessment of the activation of more than one lexical
representation In the meaning ambiguity studies, the activation of the different
meanings of a lexically ambiguous word was traced by means of the presentation of visual target words related to these meanings (e g .target words which
are MONEY and RIVER for the ambiguous word 'bank') Analogously, the
activation of different lexical elements can be tapped into by presenting target
words semantically related to these elements, in situations where there is
perceptual ambiguity So, for example, by means of the presentation of the
target words ARMY and GIFT at the offset of an ambiguous word fragment
'gener, the activation of two lexical elements ('general' and 'generous') could
be assessed Finally, with respect to the likelihood that strategic influences will
contaminate the results, it can be concluded that the paradigm is unobtrusive
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The subject is not focused on the spoken critical word, since no response is
required to the auditory input,
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3

THE CROSSMODAL PRIMING STUDY
The models of word recognition discussed in Chapter 1 make different predictions with respect to where, during word processing, the information contained
in the sentence context comes into play With respect to lexical processing and
the effects of context, the models range on a continuum from completely interactive to completely autonomous Summarizing the predictions made by the
various models, a number of possible loci for the effects of sentential-semantic
context can be distinguished Completely interactive models would claim that
context can have an effect either before any sensory information is available,
or during lexical access Mixed models, such as the Cohort model, locate the
influence of context at the selection phase, and strictly autonomous models
predict that no effects of sentential contexts will be observed before the postselectional integration stage
In this Chapter, the data from a series of experiments will be presented which
address these claims in some detail The structure of the Chapter is as follows
First, in The experimental paradigm, the specific relevance of the crossmodal
lexical decision task for the questions under study will be motivated, and the
mam variables will be introduced The Method section contains the description
of the stimuli and experimental method In Results and discussion the data of
the experiments will be presented Conclusions, finally, discusses the results
with reference to the predictions made by the various theoretical position
discussed earlier

A slightly different version of this Chapter is in press in Cognition under the title The locus of the
effects of sentential semanfc context in spoken-word processing
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The experimental paradigm
Given the discussion, in Chapter 2, of the experimental paradigms and their
drawbacks to the study of context effects, the following question presents itself
What kind of experimental paradigm is needed to determine when and where
the processing of spoken words is affected by information from sources outside
the language module7 Ideally, what is required is an on-line and continuous
measure, one that taps into the state of affairs in the lexical processing system
while it operates in real time There is no established experimental paradigm
that provides such a measure Since genuinely continuous Chronometrie
measures are not available, the experiments reported here try to simulate
continuity by utilizing a number of probe positions in the spoken word in
combination with the crossmodal lexical decision task As argued in Chapter
2, the crossmodal priming paradigm provides an on-line measure of the activation of word candidates during lexical processing Since the processes of
access, selection and integration are distributed across time, it is crucial to
probe at various positions in the spoken word
A crossmodal lexical decision task will be used to assess the activation
of sets of two words, that are either contextually appropriate or inappropriate,
depending on the context in which they are presented In this study, the
crossmodal priming paradigm involves the visual presentation of a target word
for lexical decision concurrent with the auditory presentation of a fragment of
the related prime word embedded in a sentence The paradigm uses semantic
priming to detect the activation of word senses during the processing of spoken
words (Conrad, 1974, Swmney, Omfer, Prather, and Hirshkowitz, 1978, Seidenberg et al, 1982) Semantic priming is the type of context effect referred to as
'mtra-lexical' This effect has been demonstrated extensively in the visual
modality (Meyer and Schvaneveldt, 1971, Neely,1977, De Groot, 1983) Swmney et al (1978) showed that the priming effect also holds across modalities
They measured reaction times to visually presented target words (e g , RIVER,
MONEY) that were related to the meanings of a previously presented ambiguous auditory prime (e g ,bank) The paradigm has since been used extensively
to study phenomena of sense ambiguity (see Simpson, 1984, for an overview)
The ambiguity studies which used the crossmodal priming paradigm
(Swmney et al, 1978,Tanenhausetal, 1979, Seidenberg et al, 1982), showed
that more than one meaning is active at the offset of an ambiguous spoken
word Since these studies investigated multiple meanings of the same lexical
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element, they do not provide information on the activation of different lexical
entries during word processing This issue was addressed in a preliminary
study reported by Marslen-Wilson (1987) In a series of experiments, the
crossmoda! priming task was used to test the claim made by the Cohort model
that multiple word candidates will be activated during lexical access The
amount of activation of two word candidates was measured at different points
in the same spoken word As in the ambiguity studies, facilitation of the reaction
times to a visually presented associate is taken to reflect the activation of the
spoken prime it is associated with The experiments used pairs of spoken
words that diverged from each other relatively late in the speech signal The
target words, or probes, were presented in two positions before and after the
uniqueness point, the point at which the two words separate on the basis of the
information in the speech signal An example

auditory primes
visual
probes

GENERAL
I I
army army
gift gift

GENEROUS
I I
gift
gift
army army

The Cohort model predicts that before the uniqueness point (for general/
generous the vowel following the/r/), both word candidates of a pair should be
activated, irrespective of which spoken word is being realised After this point,
only the associate related to the word that was actually heard (e g , ARMY at
the offset of general) should be facilitated The results of the experiments
confirmed this prediction
Summarizing the results of this study and the crossmodal priming studies
discussed in Chapter 2, it is clear that the task is sensitive enough to tap into
the activation of different word senses of an ambiguous word, and of different
words, during lexical processing The paradigm has the advantage over other
on-line tasks of being flexible the primed visual word can be presented at any
point while the subject is listening Moreover, the task is unobtrusive since it
does not require the subject to manipulate or make decisions about the spoken
materials
Similar to the study reported by Marslen-Wilson (1987), the pattern of
activation of pairs of word candidates (e g , general/generous) will be mvesti-
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gated by probing at various points during the processing of the spoken prime
Lexical decision times to visually presented target words that are related to
either of the two word candidates (e g , ARMY/GIFT) in test conditions will be
compared to responses to the same targets in control conditions The two word
candidates under investigation will be called Actual Word' and 'Competitor'
These terms refer to their status in the experiments the Actual Word is the word
that is presented auditorily
Positions in the word
To locate effects of contextual constraint on the activation of different words
during the access selection and integration phases of lexical processing, it is
crucial to measure at various points before, and after the point in the acoustic
signal where the two words of a pair separate After the uniqueness point, only
one word is compatible with the sensory input and can be selected on the basis
of sensory information alone If the effects of context are located only after this
point they have to be attributed to a post-selectional integration phase To tap
into the phases of access and selection, it is necessary to probe before the
uniqueness point, at positions in the word where there is ambiguity as to which
word is being presented Instead of arbitrarily determining where to probe
before the uniqueness point, the spoken materials were first investigated in a
gating study
In the gating task, listeners are presented with successively longer onset
fragments of a word, and at each increment they are asked to write down what
they think the word is, or is going to become They sometimes also have to
indicate how confident they are about the correctness of their response
(Grosjean, 1980, Tyler and Wessels, 1983, Salasoo and Pisom, 1985)
The gating task typically produces two kinds of data First, by combining
correct responses and confidence ratings to the words presented in isolation,
or in a neutral carrier phrase, a mean 'Recognition Point can be established for
each word This point is considered to be a measure of the amount of sensory
information listeners need to be certain that a particular word is heard, and not
another At this Recognition Point, the word can be recognised on the basis of
the sensory information alone Before this point, there is still uncertainty as to
which word is being presented The second kind of data are the alternative
responses, that is, responses other than the presented word, produced at
various points in the gated word The amount of alternative responses can be
taken as an indication of the ambiguity of the input at different points in the
spoken word
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On the basis of the Recognition Points and the number of alternative
responses both provided by the gating experiment - and of suggestions from
the literature concerning the time it takes to gam initial access to the lexicon
(Salasoo and Pisom, 1985, Tyler, 1984, Marslen-Wilson, 1984), four probe
positions were established for each spoken prime The gating paradigm is the
only experimental tool available which enables us to operationalise the probe
positions in a non-arbitrary way Eventually, the reactton-time data from the
crossmodal study will have to show whether these positions do indeed reflect
various phases of lexical processing The details of the gating study and the
probe positions will be given in the Method section
Types of context
Each Actual Word (the spoken word actually presented to the subjects) was
combined with three preceding sentence types a Biasing Context, a Neutral
Context and a Carrier Phrase The Carrier Phrase is not a real context condition,
but has a control function The two real context conditions represent qualita
tively different gradations of contextual constraint The Neutral Context pro
vides weak semantic and structural constraints on what may follow Both the
Actual Word and the Competitor are appropriate continuations, but neither is
predictable The Biasing Context provides the same structural constraints, but
also a semantic bias towards the Actual Word The Competitor forms an implau
sible, but grammatically well-formed continuation in this context The pattern of
activation of the Actual Words and the Competitors in the Biasing and Neutral
Contexts will be compared with the activation pattern of the same words in the
Carrier Phrase condition at each of the four probe positions The Carrier Phrase
condition thus serves as the baseline against which the effectiveness of the
constraints provided by the two real context conditions can be assessed
To summarize, by combining the crossmodal priming paradigm with
multiple probe positions and with varying degrees of contextual constraint, we
can investigate the following issues First, the effectiveness of weak contextual
constraints on the activation of both word candidates can be assessed by
comparing the Neutral Context with the Carrier Phrase condition Second, for
contextual constraints that provide a differential semantic bias for the two
candidates (ι e the Biasing Context condition) the following predictions put
forward by the different theoretical approaches can be tested (these predic
tions are illustrated in Figure 3 1)
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Figure 3 1 Four possible loci for the effects of sentential semantic contexts
(a) before the spoken word has been presented, (b) dunng lexical ac
cess, (c) during selection, and (d) at the post selectional integration
stage
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If context has an effect before lexical access, and if context-based preactivation of lexical elements uses the same mechanisms as stimulus-driven
activation {as is implicit in interactive models), then the results should look like
those in Figure 3 1(a) The Actual Word is activated on the basis of the contextual information, before any sensory information about the word is available
The Competitor is not activated, because it is contextually inappropriate If the
process of accessing lexical elements is affected by contextual information, the
situation depicted in (b) should emerge at early processing stages reflecting
lexical access either the Actual Word is the only word accessed, or it is activated more highly than words that do not fit the context Picture (c) shows the
situation in which lexical access is unaffected, but the selection process is
guided by contextual constraints context affects the activation level of the word
candidates before the Recognition Point (that is, before enough sensory input
is available to uniquely specify one word candidate) Finally, as shown in (d),
if the effects of context are located at the post-selectional integration phase, the
activation levels of both the Actual Word and the Competitor should be the
same up to the Recognition Point
The experiments will test these predictions by tapping into the patterns
of activation of contextually appropriate and inappropriate word candidates at
the various stages during the processing of a spoken word

Method
The crossmodal priming paradigm involves the presentation of both spoken
materials and visual target words, or probes In the present study, the spoken
materials consisted of twenty four words embedded in three sentence types
In combination with each spoken word, two target words were presented visually for lexical decision These probes were either associated with the actually
presented spoken word, or with a Competitor, belonging to the same WordInitial Cohort as the Actual Word Four probe positions were used for each word,
established on the basis of gating data All materials were in Dutch The details
of the test materials, the control and the filler trials are given below, together with
information on the experimental design, subjects and procedure
Actual Words and Competitors
The words that were actually presented at the end of the spoken sentences
formed pairs together with words that were never acoustically presented the
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Competitors The Actual Words shared at least three word-initial segments with
their Competitors To ensure the possibility of probing at various points in the
signal before the words become unique, word pairs with late uniqueness points
were used An example of a word pair is KAPITEIN (captain) and KAPITAAL
(capital), their uniqueness point being the point at which the last vowel can be
identified All words were nouns The words of a pair had the same stress
pattern and the same number of syllables Eight word pairs were monosyllabic,
twelve were bisyllabic, and four consisted of three-syllable words The length
of the actually presented words ranged from 290 to 645 msec The words of a
pair sometimes differed with respect to word-frequency (see Word frequency)
Visual Target words
Two visual target words, or probes, were combined with each spoken Actual
Word one associatively related to the Actual Word, one associated to the
Competitor The probes were the highest associates available, selected from
Dutch word association studies (De Groot, 1980 van der Made-van Bekkum,
1973 see also note 1) In these studies, free associations were collected from
subjects who produced a single response to each word The selected associates for our sample word pair are SCHIP (ship) for the Actual Word kapitein, and
GELD (money) for the Competitor kapitaal, with association frequencies of 51
and 46 percent respectively1 The overall mean association frequency for all
words was 30 4 percent 31 1 for the Actual Words and their associates 29 7
for the Competitors and their associated probes
Context conditions
The Actual Words were embedded in three types of sentential contexts, labeled
Carrier Phrase, Neutral Context and Biastng Context The following is an
English translation of a sample set of the materials used in the experiment The
complete set of Dutch materials is given in Appendix 1
(1) The next word is captain
(2) They mourned the loss of their captain
(3) With dampened spirits the men stood around the grave They
mourned the loss of their captain,
In the Carrier Phrase condition (1 ), the spoken Actual Word was embedded in
a neutral carrier sentence These sentences did not contain any semantic or
syntactic information on the basis of which either the Actual Word or the
Competitor might be predictable The spoken words were presented in these

54

sentence frames rather than in isolation to provide normal prosodie cues for
words spoken in sentence final position The Neutral Context condition (2)
consisted of short sentences, varying in length from four to eight words A fairly
large number of continuations is possible in the Neutral Context, including both
the Actual Word and the Competitor The Neutral Context delimits the possible
continuations in terms of form class Quantifiers, adjectives, and nouns are
compatible with the syntactic specifications of these sentences In the Biasing
Context condition (3), the sentence of the Neutral Context was preceded by a
longer, more informative one The Biasing Context sentence pairs provided a
positive semantic bias towards the actually presented words, and a negative
bias towards the Competitors
To ensure the effectiveness of the contextual manipulations, the sentences of the Neutral and Biasing Contexts were pretested with a cloze procedure and a naturalness-judgement task ? The results of the cloze-test revealed
that the Actual Words were moderately predictable in the Biasing Context the
mean percentage of Actual Word responses was 25, ranging from 16 to 33
percent The Competitors were never produced in this context The predictability of both the Actual Word and the Competitor was zero in the Neutral
Context The naturalness-judgements, using a 7-point scale with value 1 representing 'very natural' and value 7 very unnatural', showed that the Actual
Word was considered to be very natural in the Biasing Context (mean value 1 1,
ranging from 1 Otol 4) The Competitor was considered to be a very unnatural
continuation (mean value 6 46, range 5 7 to 6 9) The means for the Actual
Words and the Competitors in the Neutral Context were 1 64 and 1 71 respectively (range Actual Word 1 Ito 2 3, Competitor 1 3to23) The results of these
pretests indicate that there is an effective positive bias towards the Actual Word
in the Biasing Context condition, whereas at the same time the Competitor is
considered to be a very unnatural continuation Both word candidates are
considered to be natural, though not predictable, continuations of the Neutral
Context
None of the content words in the sentences preceding the Actual Word
were associatively related to the Actual Word, the Competitor, or to their probes
To check this, the same word association norms (see above) were used 3 This
was to ensure that potential effects of contextual constraints could not be
attributed to mtra-lexical associative links between one or more words in the
preceding sentences, and the word candidates or their probes
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Word frequency
Actual Words and Competitors sometimes differed with respect to their frequency of occurrence in the language To investigate effects of word frequency,
the word pairs were split up into three frequency groups, each containing eight
pairs Dutch frequency norms {Uit den Boogaart, 1975) with a corpus size of
720 000 words were used In the first group, Higher Frequency (HF), the Actual
Words had a higher mean frequency than the Competitors 44 6 (range 9-90)
and4 8 (range 0-16) respectively In the second set Lower Frequency (LF), the
Actual Words had a lower frequency count than their Competitors 8 1 (range
0-22) for the Actual Words, and 57 1 (range 16-198) for the Competitors The
pairs of the third set were matched for frequency The average frequency for
Actual Words and Competitors in the Equal Frequencyzetwas 9 5 (range 0-30)
and 9 1 (range 0-34) respectively
Probe positions
For the reasons mentioned earlier, a gating experiment was run on the materials
to establish at which positions in the Actual Words the target words were to be
presented
The gating study
All twenty four Actual Words, embedded in three context conditions, were used
in the gating study The acoustic tokens of the Actual Words spoken at the end
of the Carrier Phrase sentences were excised with the aid of a speech editing
programme, and cut into fragments of incrementing length The first fragment
of each word was 50 msec long, the second 100, and so on, until the whole word
had been gated These sets of incrementing fragments, separated by pauses
of 6 seconds, replaced the original word spoken at the end of each context
type Thus, the same acoustic tokens were used in each condition The spoken
sentence material was presented only in combination with the first 50 msec
gate of the word, following which the incremental gates were presented without
repeating the spoken sentence Three versions were constructed, each containing 8 instances of each context type Fillers with verbs and adverbials in
sentence final position concealed the fact that all test words were nouns Three
groups, each containing twelve subjects, were run The subjects had to write
down, after hearing each fragment, what they thought the word was, or was
going to become, and to indicate on a 10-point scale how confident they were
about their response (scale value 1 completely unsure, scale value 10 completely sure)
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The gating responses were used to define four probe positions First, to
establish at which point listeners in a gating task can unambiguously identify
a spoken word without contextual support, a mean Recognition Point was
calculated for each word in the Carrier Phrase condition For each subject, the
Recognition Point of a particular word was defined as the point at which the
subject produced the correct word with a confidence rating of 9 or 10 on the
10-pomt scale, without subsequently changing her mind At the mean Recog
nition Point for each word, pooling responses across subjects, all subjects
produced the actually presented words Since the signal by itself is obviously
unambiguous, this point, labeled Probe Position 4, was used to tap into postselectional stages of integration Averaged over the 24 spoken words, the
mean length of this position was 410 msec
To investigate the phases of lexical access and selection, it is necessary
to probe at positions in the word before the Recognition Point For the lexical
access phase, it is important to find one or more positions early in the spoken
word where the Actual Word is among the word candidates produced by the
subjects To tap into the selection phase, a point in the word should be estab
lished were the sensory input provides a bias towards the actually presented
word, but where some alternatives are stili considered The probe positions for
the processes of lexical access and selection were operationally defined in
terms of the mean Isolation Points for each word in the three context conditions
For each subject, the Isolation Point was defined as the point at which she
produces the Actual Word for the first time without subsequently changing her
mind Calculation of the Isolation Point does not involve confidence ratings
Pooling responses across subjects provided a mean Isolation Point for each
word in each context condition
The probe positions for the lexical access phase should be early in the
word As suggested by Salasoo and Pisoni(1985), Marslen-Wilson (1984), and
Tyler (1984), the time it takes to gam access to the mental lexicon might corre
spond to the first 100-200 msec of a word л The mean Isolation Points in the
Biasing and the Neutral Context fall within this range 130 and 199 msec re
spectively These points will be referred to as Probe Positions 1 and 2 Impor
tantly, at these early positions the Actual Word is one of the candidate words
proposed by the subjects in the gating task when no contextual information is
provided In the Carrier Phrase condition, the mean number of produced alter
natives, including the Actual Word, is 7 5 at Position 1 and 6 5 at Position 2
Probe Positions 1 and 2 will be used to tap into the lexical access phase
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Finally, the mean Isolation Point for each word, averaging over subjects,
in the Carrier Phrase condition was chosen to investigate the selection phase
At this point, Probe Position 3, the Actual Word is produced by the majority of
the subjects, but, importantly, some subjects still produce alternative word
candidates Apparently, in the gating paradigm, the sensory input does not yet
fully specify one single lexical candidate atthis point This is shown by the mean
number of produced candidates (3 2 averaged over the 24 Actual Words), and
by the subjects' relatively low confidence ratings for the Actual Word (mean
confidence rating 5 5) For these reasons, this position was selected to tap into
the selection phase of lexical processing The mean length of the third probe
position was 278 msec
In the crossmodal experiments al! four probe positions were used in
combination with each sentence type Unlike the study reported by MarslenWilson ( 1987) it was decided to cut off the Actual Words at the probe positions,
that is, to use fragments of the spoken words Each word was cut into four
fragments, one for each Probe Position The visual probes, related to the Actual
Word and the Competitor, were presented at the acoustic offset of these fragments, instead of the concurrent presentation of a visual probe and an ongoing
speech signal The rationale for doing this was to exactly control the amount of
sensory information that the subject had heard on making a lexical decision
response to the visually presented probe
The Zero conditions
To test the pre-selection hypothesis, that is, to assess the effects of contextual
constraint on the activation of Actual Words and Competitors before any sensory information about the actually presented word is available, another probe
position was included This was done only for the Biasing and Neutral conditions, since the Carrier Phrase condition provided no contextual information In
the Zero conditions, no sensory information about the Actual Word was available The visual target words were presented at the offset of the word preceding
the Actual Word which had been erased
Control conditions
Two separate control conditions were included to evaluate the effects of contextual constraints, and to measure the facilitation of Actual Word and Competitor probes The Carrier Phrase condition served as the baseline for the effects
of the contextual information provided by the Neutral and the Biasing Context
To assess the levels of activation of both word candidates in the different
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sentence contexts, an extra control condition was added Reaction times to the
visual probes (e g , GELD/SCHIP) in the test conditions (Carrier Phrase,
Neutral and Biasing Context) were compared to reaction times to the same
targets presented in one of two control conditions, consisting of sentences and
sentence-final word fragments which were completely unrelated to the visual
probes Activation is defined as the facilitation of reaction times to the probes
in the test conditions, relative to this Control condition The following is an
example of a control sentence, belonging to the materials given in Context
conditions In combination with this example, either SCHIP or GELD is presented visually
De speler kreeg de bal, en scoorde het winnende doelpunt
(The player got the balt, and scored the winning goal )
Two fragments, Short and Long of the word that occurred in sentence-final
position (e g , 'doelpunt') were used, to control for possible effects of fragment
length in the test conditions None of the words in the sentence, including the
sentence final word fragment, were related to the visually presented target
words (e g , SCHIP and GELD) The Short Fragment Control condition was
used as the baseline for Probe Positions 1 and 2 A short (mean length 150
msec) fragment of the sentence final word was presented In the Long Fragment Control condition, the control condition for Positions 3 and 4, the word
fragments were cut off about 100 msec before word offset (mean fragment
length is 370 msec) The probes were presented visually at the acoustic offset
of the sentence-final word fragment
Filler and practice material
The practice material preceding the test block consisted of twenty four single
sentences or sentence sets, varying in length from two to four sentences The
practice block was matched forthe number of word and non-word targets, and
for nouns, verbs and adverbials in sentence-final position Forty-eight filler
sentences or sentence sets of the same length as the practice were interspersed with the test trials Twenty four of these ended with verbs or adverbials,
to obscure the fact that all spoken Actual Words and control words were nouns
The last words of the filler and practice sentences were presented as fragments
of varying length In thirty six cases, an orthographically legal non-word target
was presented visually at the offset of the filler sentences In twelve cases,
unrelated real word targets were presented
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Design, recording, and handling of spoken materials
The total number of conditions in the experiment was 32 All three context types
were combined with each of the four probe positions (fragments 1-4) of the
spoken Actual Word Both visual probes, related to the Actual Word and the
Competitor, were presented at the offset of these word fragments The combi
nation of context type, probe position and probe type yielded 24 conditions
The Zero conditions, that is, the Neutral and Biasing Context sentences without
a fragment of the Actual Word, presented in combination with both probes,
yielded another four conditions Finally, combining both probes with the Long
and Short Fragment Control conditions, brings the number of experimental
conditions up to thirty two
Since the number of conditions (32) exceeded the number of material
sets (24) it was necessary to use a between-subjects design, organized into
four sub-experiments with different groups of subjects In each of the subexperiments a subset of the experimental conditions was realized, the number
of experimental versions depending on the number of conditions The material
sets were never repeated each subject was presented with only one of the 32
conditions per set of materials As a consequence, a subject never saw the
same target word, and never heard the same sentence more than once Ineach
sub-experiment, the same practice and filler triais were used in the same
position The number of trials and task was identical in each experiment, and
in each experimental version The data were normal ised to control for md ι vidual
differences (see Results and discussion)
The recording of the spoken materials was done in a sound-proof booth
by a female native speaker of Dutch, na.ve with respect to the purpose of the
experiments All practice, filler, control and test materials were recorded during
the same session The spoken material was sampled at 20 kHz and digitized
The acoustic realizations of the Actual Words at the end of the Carrier Phrases
were used in each experimental condition These stimuli were excised from
their acoustic environment, by marking their beginnings and endings with the
aid of a waveform editor, under auditory and visual control From each of these
stimuli fourfragments were created Each fragment was then pasted back onto
the original carrier phrase
To create the Biasing and Neutral Context conditions, the word that was
originally spoken at the end of the Biasing Context sentences was erased, and
replaced by each of the four fragments of the word spoken in the Carrier
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Phrase For the Neutral Context, the lead-in sentence from the Biasing Context
was subsequently erased Using the spoken words from the Carrier Phrases
ensured that fragments of exactly the same length from the same acoustic
token were presented in all conditions This is crucially important for two reasons First, the four probe positions were established on the basis of the gating
responses for the acoustic tokens excised from the same Carrier Phrases It is,
therefore, critical to use the exact same tokens in all contexts in the crossmodal
priming experiments Second, using the same tokens also ensures that differences in reaction times between the context conditions cannot be attributed to
different acoustic realizations of the Actual Word
In the Zero conditions, where no acoustic information about the Actual
Word was given, the spoken Actual Word was simply erased For the filler,
practice, and control materials, the words in sentence final position were cut off
halfway through, or shortly before their offset
All spliced materials sounded natural, the transitions and the fragment
cutoff points were smoothed using a cosines smoothing function with a 1 msec
window The set of experimental materials created in this way was output to
audiotape by means of a 12 bit D/A converter and a Revox B77 MK11 taperecorder On the second channel of the tape, inaudible to the subjects, timing pulses
were set concurrently with the offset of the spoken-word fragments This was
done under auditory and visual control, the position of the timing signal being
identical across context types These pulses served to trigger the exposure of
the visual probes, and to start the counter modules that registered the reaction
times
Subjects and procedure
A total of 192 subjects participated in the sub-experiments, six subjects on
each of the 32 versions All were native speakers of Dutch, paid for their participation Subjects were tested in groups of two, three or four in a group
experiment room They listened to one of the experimental tapes, bmaurally
played from a Revox A-700 at a comfortable listening level Closed headphones of the type Sennheiser HD 224 were used The subjects were instructed
to listen carefully to the spoken materials The task was a lexical decision task
on the visually presented real-word and non-word targets At the offset of each
fragment, including the Zero condition for both Biasing and Neutral Contexts,
a target word was flashed up on a CRT, with a presentation duration of 50 msec,
unmasked The subjects were told to decide, as quickly as possible, whether
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the visual targets were real Dutch words or not They responded by either
pressing a YES or a NO button For right-handers, the YES button was on the
right side, for left-handers, the situation was reversed Reaction times were
stored directly, with the aid of a PDP 11/23

Results and discussion
The data from the four sub-experiments were inspected for errors, that is, 'NO'
responses to real words Two item sets showed an error percentage of 20 % or
more These two sets one from the Higher Frequency and one from the Lower
Frequency group, were removed from the data set To keep the same number
of item sets in each of the frequency groups, one of the sets was randomly
removed from the Equai Frequency group The error rate for the remaining 21
sets was 3 2 % These errors, and extremely long reaction times (RT>1000
msec) were replaced by the item means in the relevant condition Before
merging the data sets from the sub-experiments, the data were normalised for
subject differences This was necessary since each subject did not contribute
to all experimental conditions For the normalisation, the subject's overall mean
was subtracted from each data point she produced To create positive numbers, the grand mean from the complete original data set was subsequently
added to each of these difference scores All analyses reported are on items ^
To address in detail specific questions on pre-activation, the effects of
context, and the activation of word candidates during word processing, subsets of the data will be discussed under separate headings First, in Preactivation, the pre-activation claim will be tested by comparing reaction times
to the same probes in the Zero and the Control conditions Second, in Context
effects on Actual Word and Competitor probes, the data will be inspected with
respect to the effects of context on the reaction times to probes related to the
Actual Words and Competitors at the four fragment positions The third section,
with the sub-heading Multiple Activation deals with the pattern of activation of
the two word candidates at different positions in the spoken word, and in
different contexts Activation is defined here as the facilitation, relative to a
baseline, of reaction times to the probes related to the two word candidates In
Word frequency and activation, the effects of word frequency will be briefly
mentioned Finally, in The locus of the effects of context, the results will be
discussed with respect to the locus of the effects of sentential-semantic context
during word processing
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Pre-activation
In interactive models of word processing, context can activate, and in some
models also inhibit, lexical elements before any sensory information about the
spoken word is available In the Biasing Context, where the Actual Word is
reasonably predictable and the Competitor implausible, this should result in
facilitation for the Actual Word, and maybe in inhibition of the Competitor, at a
point in time where no sensory information is available In the Neutral Context,
both word candidates are plausible, but not predictable continuations Preactivation might or might not be expected in this case, depending on the
strength of contextual constraints
How is this claim tested7 In the Zero conditions, the degree of activation
of Actual Words and Competitors can be assessed in situations where there is
contextual information, but no sensory information about the sentence-final
spoken word Activation is measured by comparing reaction times to Actual
Word and Competitor probes in the Zero conditions with a baseline condition
In the Zero conditions, the probes are presented at the offset of the word
preceding the spoken Actual Word, which has been erased from the sentence
There are two Zero conditions, one for the Biasing and one for the Neutral
Context sentences The Short Fragment Control condition serves as the baseline Here, the probes are presented at the end of a sentence, including a short
word fragment The visual probes and the content words in these sentences are
semantically unrelated

Table 3 1 Mean texical decision times to Actual Word and Competitor probes in the
Zero conditions and in the Control condition
SENTENCE TYPE
Zero condition
PROBE
Biasing Context
RELATED TO
Actual Word
Competitor

Zero condition
Neutral Context

Control
condition

596
590

594
596

593
592
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As will be clear from the data in Table 3 1. an Anova on the means for Actual
Word and Competitor probes in the Zero and Control conditions shows no main
effects of Sentence Type or of Probe Type ( both F's < 1 ) Not only are the means
in the Biasing and the Neutral Zero conditions indistinguishable, they are also
almost identical to the Control means If the pre-selection hypothesis were
correct, the Actual Word should be activated to some extent in the Biasing
Context, where contextual constraints provide a positive bias As far as these
materials are concerned, however, there is no evidence for any facilitation of the
Actual Word probes, nor for any negative effects on reaction times to Competitor probes
Context effects on Actual Word and Competitor probes
If context does not pre-select, where then are its effects to be located9 To
investigate this, the data for 24 experimental conditions, that is, for the probes
related to Actual Words and Competitors, in 3 context conditions and at 4 probe
positions, were entered into an analysis of variance There is an overall effect
of conditions (F2(23,460)=2 86, p< 0001) The Anova with Context Type (Biasing, Neutral, and Carrier), Probe Position (word fragments 1-4) and Probe Type
(Actual Word and Competitor probes) as variables, shows a mam effect of
ProbeType(F¿(1,20)=7 51, p< 02) These data are shown in Figure 3 2, which
also includes the data for the Control conditions, to be discussed later
Collapsing over Context Type and Probe Position, there is a 21 msec advantage of Actual Word over Competitor probes No other mam effect reaches
significance There is a highly significant interaction between Probe Position
and Probe Type (Ρ_,(3,60)=9 72, p< 0001 ) and an indication of a Context Type
by Probe Type interaction (F2(2,40)=2 45, p= 098) No other interactions are
significant
Post-hoc comparisons (Duncan's procedure, Kirk, 1968) using the error
term of the Context by Probe Type interaction, with Positions collapsed, show
that the means for Actual Word and Competitor probes differ in the Biasing
Context (537 vs 574 msec respectively), but not in the other two contexts Posthoc tests for the Position by Probe Type means, collapsing over Context Type,
show that RT's to Actual Word and Competitor probes are statistically identical
at Positions 1 and 2 At Positions 3 and 4, a different pattern emerges There is
a significant 32 msec difference between Actual Word and Competitor probes
at Position 3, this is 57 msec at Position 4 Figure 3 2 also seems to indicate that
context modulates the difference between the two probes at the latter positions
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Figure 3 2 Mean lexical decision times to probes related to Actual Words and Competitors
by Context Type (Biasing/Neutral/ Carrier Phrase) and Probe Position (word
fragment 1-4) The Control means are also shown
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probes related to Actual Words
probes related to Competitors

This, however is not manifest in a significant interaction between Context Type,
Position, and Probe Type (F<1)
Pairwise comparisons of the complete set of means6 reveal that the
means for both probes are identical at the first two probe positions, independent of the context in which the word fragments were presented Figure 3 2
illustrates this all means fall within a 11 msec range At Position 3, there is a
reliable difference between Actual Word and Competitor probes (65 msec) in
the Biasing Context only The 17 and 11 msec differences in the Neutral Context
and the Carrier Phrase are not reliable At Position 4, however, reaction times
to Actual Word probes are always significantly faster than to the Competitor
probes (80 msec in the Biasing Context, 53 msec and 38 msec in the Neutral
and Carrier Phrase conditions)
To investigate in more detail potential positive and negative effects of
context, separate analyses were performed on the probes related to the Actual
Words and the Competitors The Anova on the Actual Word probes, with
Context Type and Probe Position as variables, shows a strong mam effect of
Probe Position (F?(3,60)=7 88, p< 0003), and a marginal effect of Context Type
F2(2,40)=2 97, p< 06 The interaction does not reach significance
F2(6,120)=1 20,p>37
Post-hoc comparisons, using the error term for the interaction (see note
3), again show that reaction times to the Actual Word probes are identical
across context types at Positions 1 and 2 At Position 3, there are reliable
differences between the Biasing Context and the other two conditions There
is a significant 32 msec advantage of the Biasing Context, relative to the Carrier
Phrase baseline condition for the effects of context Reaction times are also
faster than in the Neutral Context (25 msec) There is, however, no contextual
facilitation of the Neutral Context here mean RT's in this condition are statistically identical to the Carrier Phrase baseline (543 and 550 msec respectively)
At the fourth probe position essentially the same pattern emerges Again, there
is facilitation in the Biasing Context, both in comparison to the Carrier Phrase
baseline (38 msec), and to the Neutral Context (28 msec) There is no facilitation in the Neutral condition the 11 msec difference with the baseline condition
is not significant The only reliable difference between consecutive probe
positions is the 40 msec decrease in reaction time between Position 2 and
Position 3 in the Biasing Context, no such effect is found between other positions, or in any of the other contexts

66

The second Anova, on the mean reaction times for the probes related to
the Competitor in three contexts and at four probe positions, shows only a main
effect of Probe Position F„(3 60)=2 64, p< 05 Collapsing over Context Type,
mean reaction times at Position 4 are significantly slower than at any of the
earlier positions
To summarize all Anova's show that at Positions 1 and 2, the mean
reaction times to Actual Word and Competitor probes are almost identical,
across context types At (and after) the third probe position, the Biasing context
has a facilitatory effect on reaction times to the Actual Word probes Moreover,
at Position 3, there is a substantial difference between the means for Actual
Word and Competitor probes in the Biasing Context, which is not observed in
the other two contexts For Actual Word probes, there is a significant 40 msec
decrease in reaction time between Positions 2 and 3 in the Biasing Context
condition, but no such effect is present in the Neutral and Carrier Phrase
conditions Also, as can be seen in Figure 3 2, reaction times to the probes
related to the Competitor have increased by some 20 msec, compared to Probe
Position 2 in the same context At the fourth position, reaction times to Actual
Word Probes are always faster than to Competitor probes
Comparing the same probes in the Neutral Context with the Carrier
Phrase baseline, no reliable differences are observed at any of the probe
positions Reaction times to Actual Word probes are statistically identical in
these contexts, and the same is true for Competitor probes The only difference
observed here is the facilitation, relative to the Competitor probe means, of the
responses to Actual Word probes at the fourth position Keeping in mind that
the sensory information at this point is sufficient by itself to distinguish between
the two word candidates, this seems to be an effect of stimulus information
Multiple activation
To address the issue of multiple activation, that is, the facilitation - relative to a
baseline - of the probes related to Actual Words and Competitors, the data will
be inspected to answer the following questions First, are both word candidates
activated during word processing"? This should show up in overall shorter
reaction times in the test conditions If this is so, is this facilitation found at each
probe position, and is it independent of contextual variables'?
To answer these questions, reaction times to the probes related to both
word candidates in the three context conditions, and at various probe posi-
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lions, will be compared to reaction times to the same probes in one of two
baseline conditions the Short and Long Fragment Controls As mentioned
earlier, all probes were presented in combination with semantically unrelated
sentences including sentence-final word fragments The Short Fragment
Control serves as a baseline for Probe Positions 1 and 2, and the Long Fragment Control for Positions 3 and 4 There is no sensory and contextual information to facilitate reaction times to the probes in these baseline conditions
Therefore, any observed reaction-time differences between the test and control
conditions must be attributed to the presence of specific contextual and/or
sensory information contained in the test sentences
To provide an answer to the general question of multiple activation, an
overall Anova was first run with Sentence Type (Biasing, Neutral, Carrier
Phrase, and Control), Probe Position (word fragment 1-4), and Probe Type
(related to Actual Word/Competitor) as variables There are significant mam
effects of Sentence Type (F2(3,60)=6 22, p<001) and of Probe Type
(F2(1,20)=5 73, p< 03) There is no significant mam effect of Probe Position
(F2(3,60)=1 2, p> 2), but a highly significant Position by Probe Type interaction
F2(3,60)=9 97, p< 0001 None of the other two- or three-way interactions
reaches significance The data are shown in Figure 3 2
Comparing the means in the three test conditions with the Control mean,
with Probe Type and Probe Position collapsed, there is significant facilitation in
the Biasing Context (36 msec), in the Neutral Context (33 msec) and in the
Carrier Phrase (29 msec) Comparisons of the Position by Probe Type means,
with Sentence Type collapsed, show essentially the same pattern as the Anova
on context effects no differences between Actual Word and Competitor probes
at Positions 1 and 2, but significant differences at the two later positions
Although the general question concerning activation is answered positively by the results of the overall Anova, Figure 3 2 clearly shows differential
patterns of facilitation for the Actual Word and Competitor probes as a function
of probe position and context All analyses show that reaction times to Actual
Word and Competitor probes do not differ as a function of context at the first two
positions, but context effects and effects of stimulus information were observed
at later positions To investigate in more detail the pattern of facilitation of Actual
Word and Competitor probes, separate Anova's were run for each probe
position, with Sentence Type and Probe Type as variables In each of the four
Anova's, the Control condition means will serve as a baseline to assess the
amount of activation of the word candidates
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I Figure 3 3. Mean lexical decision times to Actual Word and Competitor probes tor each
1
Probe Position separately, by Sentence Type (Biasing/Neutral/Carner Phrase/
Control)
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The results from the Position 1 and Position 2 Anova s are basically the
same For Position 1, there is a mam effect of Sentence Type (F?(3,60)=2 897,
p< 05) but no mam effect of Probe Type and no interaction (both F's<1) At
Position 2, the same pattern emerges a mam effect of Sentence Type
(F?(3,60)=3 325, p< 03), no effect of Probe Type and no interaction (both F's
<1) These results are shown in Figure 3 3 (a) and (b)
On the post-hoc comparisons, treating the Short Fragment Control as the
baseline, there is significant facilitation in the Biasing, the Neutral and the
Carrier Phrase conditions at the two early positions
At the third position, with the Long Fragment Control as the baseline, there
is a different pattern of results, illustrated in Figure 3 3 (c) There is a mam effect
of Sentence Type (F,(3,60)=3 358, p< 03) and also a mam effect of Probe Type
(F2(1,20)=5 357, p< 04) as well as a significant interaction F2(3,60)=2 731
p< 05 The interaction clearly shows in the 65 msec difference between the
means for Actual Word and Competitor probes in the Biasing Context, and the
absence of such an effect m the other contexts The post-hoc comparisons
show significant facilitation of the Actual Word probes m all contexts 66 msec
in the Biasing Context, 41 msec m the Neutral Context and 34 msec in the
Carrier Phrase
Statistically, the facilitation in the latter two contexts is of the same
magnitude In the Biasing Context, however, there is a significant positive effect
of context the amount of facilitation, relative to the baseline, is much higher as
m the Carrier Phrase Figure 3 3 (c) clearly shows the negative effects of context
on the activation of the Competitor Whereas there is still significant facilitation
of both word candidates m the Neutral Context and m the Carrier condition,
mean RT's to Competitor probes in the Biasing Context are very close to the
Control baseline The 8 msec difference here is not significant Clearly, in the
Biasing Context, the Competitor is no longer activated
At the fourth position (Figure 3 3 (d)), the following pattern emerges Here
the mam effect of Probe Type is very strong (F?(1,20)=45 126, p< 0001), the
effect of Sentence Type (F¿(3,60)=3 189, p< 04) and the Sentence Type by
Probe Type interaction (F/,(3,60)=3 196, p< 03) are similar to the results obtained at the third position The post-hoc tests reveal the following At Position
4, there is significant facilitation, as with the third position, of the Actual Word
probes m all contexts 78 msec m the Biasing Context, 51 msec in the Neutral
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and 40 msec in the Carrier Phrase condition Again, as with Position 3, only the
Biasing Context exhibits a positive effect of context on the amount of facilitation
for Actual Word probes Unlike the third probe position, the means for the
Competitor probes are statistically identical to the baseline mean in all contexts, and all comparisons between Actual Word and Competitor probe means
are reliable
To summarize these results, the answer to the general question on the
activation of the two word candidates is affirmative The overall Anova shows
a mam facilitation effect for the probes in each of the three contexts, relative to
the baseline The more specific results for each individual probe position
clearly establish that both the actually presented word and its close competitor
are activated atearly stages of lexical processing, independent of the sentence
context in which the fragments are embedded This activation pattern changes
at later probe positions, and here again the question of the effects of context
arises
It is clear that context has a differential effect on the activation of the
Actual Word and the Competitor Where the amount of facilitation for Actual
Word probes in the Biasing Context condition has increased considerably at
Position 3, the initial facilitation of the Competitor has disappeared at the same
point in time In the other two contexts, Actual Words as well as Competitors are
still activated at the third position At Position 4, only the probes related to the
Actual Words are facilitated This is true in each context, but, as with the third
fragment, there are quantitative differences between the three context conditions, the amount of facilitation for the Actual Word being much higher in the
Biasing Context The mean response times to Competitor probes are almost
identical to the baseline at this position, independent of the type of context
Thus, the contextual constraints in the Biasing Context not only affect the
activation pattern of the Actual Word but also of the Competitor, ignoring the
directionality of the effect The locus of the effect is the same it is at the same
point in time, after Position 2, that these effects have to be located
Word frequency and activation
As reported in the Method section, it was impossible to control for the frequency
of occurrence in the language of the two word candidates within a given set
the Actual Word and the Competitor It was decided therefore to have three
groups of Actual Word/Competitor pairs, with different or equivalent frequency
counts
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Inspection of the data from an Anova with Items nested within Frequency
reveals that, at the first two probe positions, there is an overall trend for probes
related to high frequency words to be facilitated more (43 msec, compared to
the unrelated baseline) than probes related to low frequency words 23 msec
Given that these difference scores are based on reaction times to the same
visual probes in test and control conditions, this effect must be due to frequency
of the word candidates However, this 20 msec effect of frequency is not secure
given the few items in the analysis The frequency trend disappears as more of
the Actual Word is heard, and it does not in any way interact with the other
variables in the experiments Although the effect is statistically not reliable,
word frequency seems to have more of an effect in early processing stages,
influencing the level of activation of words during lexical access This finding
is consistent with data from other paradigms (Tyler, 1984, see also Bradley and
Forster, 1987)
The locus of the effects of context
In this section the data will be discussed with respect to (a) the strength of
contextual constraints and their effects, and (b) the relationship between the
pattern of obtained results and the various phases of lexical processing
Concerning the first issue, there is a clear difference between weak constraints
and contexts that provide a semantic bias The weak constraints provided by
the sentences of the Neutral Context were not sufficient to produce a reliable
effect Although at each of thefourpositions, there seems to be a small advantage - compared to the carrier sentences - for the actually presented words in
this context, statistically these conditions are identical Clear effects of context
are observed in the Biasing Context only
With respect to the second issue, what can we infer about the locus of the
obtained effects relative to the phases of pre-lexical processing, lexical access, selection, and integration? First, the data from the Zero conditions do not
provide evidence in favour of the pre-activation of contextually appropriate
word candidates For the moderately predictable sentences of the Biasing
Context, there is no hint of any facilitation, or inhibition, when no sensory information about the sentence-final word is available
Effects of context are obtained at later processing stages Before drawing any conclusions, it is important to check the reaction time data with respect
to the relationship between the probe positions and the phases of lexical
processing tentatively established on the basis of gating data To investigate
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which points in the word best reflect lexical access, selection, and integration
phases of processing, the following criteria will be used These criteria take
patterns of reaction time latencies as their basis, and are thus independent from
the gating data First, the process of lexical access should result in the activation, relative to a baseline, of one or more word candidates during early phases
of word processing The selection phase is characterised by the higher activation of the actually presented word, relative to its competitors To define postselectional stages of processing, the criterion is a clear divergence between
the actually presented word and its competitors in the absence of contextual
information, that is, in this experiment, in the carrier sentences
Keeping these criteria in mind, the results for each of the probe positions
will now be summarized During early phases of word processing, we observed
activation of both word candidates, and no effects of context The fact that we
find facilitation - relative to the baseline - for both probe types is interpreted
here as evidence for lexical access both word candidates have been contacted in the mental lexicon, and this fact speeds up reaction times to associatively related probes Given that the relationship between the word candidates
and their probes is semantic in nature, it can be concluded that the semantic
attributes of word candidates become available very early during the process
of lexical access These results experimentally establish that the first two fragments indeed reflect lexical access phases of word processing The total
absence of an effect of context early in the word indicates that processing at
the lexical access stage is unaffected by the contextual constraints provided
in this study
The criterion for post-selectional stages of processing, the divergence
between the Actual Word and its Competitor in the absence of contextual
information, can be observed at the fourth probe position Here, reaction times
to the probes related to the Competitors are mdistiguishable from the control
baseline, whereas there is clear facilitation for the Actual Word probes This
deviating pattern of facilitation is interpreted as evidence for lexical selection
the selection of one word candidate on the basis of the information contained
in the sensory input Given the clear divergence, it can safely be concluded that
the information to decide that it is, for example, 'kapitein' and not 'kapitaal' is
apparently present in the input string at this point Position 4 also shows a clear
positive effect of context, with the response times to Actual Word probes being
significantly faster in the Biasing Context than in both the other contexts
However, since the information is there in the signal to uniquely specify the
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spoken word, the conclusion that context affects processing at earlier levels is
not warranted on the basis of the data from the fourth position
But this does not hold for the third probe position In the situation where
there is no contextual information - the carrier sentences - we do not observe
the same pattern of results as at the fourth position In the Carrier Phrases, the
Competitor probes still show facilitation, relative to the control baseline The
question now arises whether the sensory information at this point provides a
positive bias towards the actually presented word There is an indication for
such a bias in the crossmodat priming data the non-significant 11 msec difference between Actual Word and Competitor probes in the Carrier Phrases In
the case where the system has the sensory input as its sole source of information, there is a hint of a preference for the actually presented word at this point,
but clearly the sensory information is not sufficiently informative to accomplish
lexical selection B
Apparently, at the third fragment point, there is still ambiguity in the
sensory input as to which word is being presented But it is at, and even before
this point, that context has its effects The positive effects of the Biasing Context
on the activation level of the Actual Words is reflected in the 40 msec decrease
in reaction time between Positions 2 and 3 Moreover, at the third position, there
is a 32 msec facilitation effect for Actual Word probes, compared to the Carrier
Phrase baseline Finally, at the same point in time, the constraints provided by
the Biasing Context have a negative effect on the activation level of the Competitor reaction times have returned to baseline values at Position 3 Combining these various sources Of evidence then, it is clear that both the positive and
negative effects of contextual constraints provided by the Biasing Context have
to be located at a point in time when selection could not have occurred on the
basis of the speech signal alone There is a resemblance between the results
for the Biasing Context at the third position, and those for the Carrier Phrases
atPosition4 It was concluded earlier that the divergence between Actual Word
and Competitor probes in the latter situation reflected lexical selection Analogously, the similar pattern observed at an earlier probe position in the Biasing
Context is interpreted here as evidence for selection guided by contextual
information

Conclusions
Before drawing any conclusions, there is a cluster of phenomena in the literature that need to be discussed since they might cast doubt on the results
reported here the 'backwards association effect (Koriat, 1981, Seidenberg,
Waters, Sanders, and Langer, 1984), and the 'backwards priming' effect (Kiger
and Glass, 1983) The backwards association effect refers to the facilitatory
effect of a prime on a target even when the direction of the association is
backwards (e g , comb honey) Backwards priming occurs when a prime
facilitates the response time to a target, even when the prime is presented after
the target The logic underlying the crossmodal priming paradigm has a 'forward' direction a spoken-word fragment ('cap') contacts a number of lexical
representations, which are compatible with the spoken input (e g , cap, caplain, captive, capsule, etc ) As a consequence, related lexical entries (e g ,
HAT, SHIP, PRISON, etc ) also receive activation When some of these are
subsequently presented as probes, their recognition latencies are facilitated
Applying the backwards priming logic to crossmodal priming would reverse
this situation The spoken-word fragment does not lead to lexical access,
instead, the presentation of a probe (e g , SHIP) activates in a backwards
fashion the lexical entry it is related to captain Under the assumption of
cascading processes (McClelland, 1979), this in turn could have a facilitatory
effect on the reaction times to the probe (ship) The target thus serves as a
'lexical context' to the spoken word, and faster responses to the target might
not indicate the initial activation of the lexical element or of its meaning
(Glucksberg, Kreuz, and Rho, 1986)
In particular in lexical decision, a task that ts susceptible to post-perceptual processing, backwards priming might be effective9 Although the backward priming interpretation of multiple activation is weakened by results from
ambiguity studies that used tasks which are not sensitive to the backwards
phenomena (Seidenberg, et at, 1982, Tanenhaus et al, 1979, Rayner and
Duffy, 1986, Rayner and Frazier, 1988), it is worthwhile to see how the backwards priming interpretation might affect the results obtained m this study
In the 'meaning' ambiguity studies which used the crossmodal priming
paradigm (Swtnney et al , 1978, Tanenhaus et al, 1979, Seidenberg et al,
1982), it was always the case that a complete spoken word was presented
(e g , bank), and visual probes were related to one of two meanings of the
ambiguous word (e g , RIVER/MONEY) Comparing this situation with the form
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ambiguity of this study, it will be clear that, in particular with the short word
fragments, numerous lexical elements are compatible with the sensory input
Thus, the backwards relationship between a visually presented probe and the
ambiguous spoken fragment is far less straightforward than in the meaning
ambiguity studies The cascading process of backwards and forwards activation has only one or two speech segments at its disposal, and not a complete
spoken word, as in the meaning ambiguity studies
What is more important, is the fact that the most salient result from this
study, the context effect and its location cannot be explained by backwards
priming Even if the unlikely situation were to obtain that initial activation is
established in a backwards fashion, it is still true that the activation of the
appropriate word increases, and importantly, that the initial facilitation of the
inappropriate word disappears This cannot be explained by reference to
backwards priming The relationship between the probe and the spoken-word
fragment remains the same across context conditions The only way to explain
the differential effect of the Biasing Context on the pattern of facilitation of the
two probes is via reference to the semantic information provided by that context Moreover, the context effect, that is, the deviating pattern of activation of
the two word candidates is located at a point in time where the possibilities for
backward priming to occur should be ideal The signal is much less ambiguous
at the third probe position, where essentially only two words are still compatible
with the sensory input However, this does not result in facilitation of the probe
related to the competitor
It is also clear that it is indeed the relationship between the context and
the spoken word, and not the relationship between the context and the visual
probe, which is the basis for the context effect The materials were constructed
such that there was no semantic relationship between the context sentences
and the visual target words The effectiveness of this manipulation is demonstrated by the results from the Zero conditions Without a fragment of the
spoken word, there is no facilitation of the visual probes
Given that the backwards priming explanation does not obtain for the
data discussed here, we can confidently claim that the results provide evidence for positive and negative effects of sentential-semantic contexts, and for
a particular locus of these effects These findings have consequences for the
nature of the processing stages involved in spoken-word recognition and for
the word-recognition models discussed earlier
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The results from the Neutral Context condition indicate that the structural
and semantic constraints provided in these sentences are not strong enough
to aid word recognition Similar results were obtained in the visual domain by
Fischler and Bloom (1979), by Forster (1981), and by Schwanenflugel and
LaCount (1988) With respect to structural constraints, the narrowing down of
possible continuations in terms of form class - only nouns, adjectives and
quantifiers are compatible with the sentence structure - is too global a constraint to be effective This result is consistent with the general picture in the
literature, the experimental evidence in favour of positive structural effects is
very weak Tyler and Wessels (1983) found weak effects in their gating study,
and Tanenhaus et al (1979) fail to find significant effects with a naming task
Goodman, McClelland, and Gibbs (1981) found no effects of structural constraints when syntactic and semantic contexts were intermixed In cases where
reliable effects of syntactic structure are reported (Wright and Garrett, 1984,
West and Stanovich, 1986, Flores d'Arcais, 1982), the effects are negative the
processing of words is slowed down by inappropriate syntactic contexts
What is interesting, though, is the evidence from both the Neutral Context
and the Carrier Phrase condition of this study for the psychological validity of
'uniqueness points' and for the speed of lexical selection The patterns of
activation for the two words in these contexts start to deviate around the third
position (the mean Isolation Point for words in the carrier sentences), and
continue to do so At the last position, the Recognition Point from the gating
study, but still some 60 msec before word-offset, only the word that is actually
heard is still activated Clearly, lexical selection is fast and effective, occurring
as soon as the sensory input disambiguates between alternative candidates
The effects of semantrcally biasing contexts, and their consequences for
models of word recognition, can be summarized as follows First, the results
clearly indicate that biasing contextual constraints, as provided by these
materials, do not pre-activate, or 'pre-inhibit', word candidates The data from
the Zero conditions do not support the pre-selection claim that context can
have an effect before lexical access, that is, before any sensory information has
reached the word processing system Unless the hypothetical pre-activation
process uses mechanisms that cannot be investigated with the crossmodal
priming task, the conclusion must be that expectation-driven models of word
recognition (Grosjean, 1980, Morton, 1979) are not supported by these findings
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Second, early stages of spoken-word processing also seem to be unaffected by the contextual en vironment in which a word is encountered At the two
early probe positions both predictable and implausible word candidates are
activated to the same extent These results are problematic for interactive
activation models (Elmanand McClelland, 1984, McClelland and Elman, 1986)
which predict differential patterns of activation at early processing stages,
because of the excitation of contextually appropriate lexical nodes through
higher-level connections
The data for the lexical access phase of word processing are m support
of an autonomous characterization of the initial process of access to the mental
lexicon The results corroborate claims made by a number of researchers
(Forster, 1979, Seidenberg, 1985, Marslen-Wilson, 1984, Tanenhaus, Carlson,
and Seidenberg, 1985, Norns, 1986) During early processing stages the
recognition system is clearly only data-driven This property of the recognition
system protects the listener against the frequent occurrence of 'mirages' (cf
Fodor, 1983, Marslen-Wilson and Tyler 1987) the selection of words that could
not possibly have been heard
The obtained locus of the effects of context is in conflict with strictly
autonomous models of word recognition (Forster, 1979, Seidenberg, 1985,
Tanenhaus et al, 1985) In these models, the processing functions of lexical
access, lexical selection and integration are characterized as subcomponents
of a modular system, in which access and selection are lexical processes, and
integration takes place after a word is selected Selection m these models is
accomplished solely on the basis of bottom-up sensory information The present data, however, do not support such models
The contextual constraints represented by the Biasing Context affect the
activation levels of both the actually presented word and its close competitor,
at a point in time where the sensory information by itself is not sufficient to
disambiguate between the two word candidates in the absence of a biasing
context, both word candidates are still activated at this point It is important to
remember that the sentential-semantic information is of a truly 'combinatorial'
nature The sentence contexts provide a positive and a negative bias for the
word candidates undermeasurement, but predictability is not very strong Also,
the individual words are not semantically related to the sentence final word The
context effect, therefore, cannot be a lexical effect Only at a higher level of
understanding can the contextual information be integrated and brought to
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bear on the decisions made during word recognition The locus of the effects
of sentential semantic context, after lexical access, but before the word is
uniquely specified by the sensory input, is not consistent with a fully autonomous characterization af the word recognition process
There are two possible interpretations for the effects of context at later
processing stages One explanation is concerned with feedback or interaction,
the other is a decision-bias interpretation The first view is exemplified by eariy
versions of the Cohort model described in the introduction (Marslen-Wilson
and Welsh, 1978, Marslen-Wilson and Tyler, 1980) In this model, contextual
information interacts with the processing at lower levels, but only after an
autonomous phase of lexical access There is top-down feedback of contextual
information to the lexicon, context thus directly acts upon the activation levels
of lexical candidates to accomplish selection In the present study context did
not affect word processing before or during lexical access Instead, sententialsemantic context had both positive and negative effects at later processing
stages These results are thus consistent with the early Cohort model
In a subsequent publication (Marslen-Wilson, 1987) the model has been
revised Marslen-Wilson adopted the view that contextual constraints cannot
affect lexical levels of activation, there is no top-down feedback to the lexicon
Instead, context effects are explained in terms of an integration process, which
assesses the appropriateness of syntactic and semantic properties of word
candidates with respect to a higher-level sentence representation This integration process runs in parallel with the processes of sensory analysis and lexical
activation When the properties of a word candidate are compatible with the
sentence-level representation, real 'bottom-up' selection does not occur, the
listener is prepared to make a word-recognition decision on the basis of successful integration
This 'integration process' solution of context effects moves the locus of
the effects of context to a post-lexical decision stage it is essentially a decisionbias explanation (cf Samuel, 1981a, 1986, Tanenhaus, Dell, and Carlson,
1987) It locates the effects outside the lexical system, context does not affect
processing at the lexical or any earlier level The notion of bias is also critical
in a model presented by Morris ( 1986) This model uses a post-access, but prerecogmtion, checking mechanism to account for lexical and perceptual
ambiguity, and for the effects of word frequency and context After an initial
autonomous stage of perceptual processing which leads to the reduction of the
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set of word candidates to "a manageable size' (Norns, 1986, page 106), there
is a continuous propagation of those word candidates which are relatively good
matches to the sensory input onto the checking process Contextual information has no influence on perceptual analysis, instead it operates on the recognition criteria for words The criteria for probable words are lowered, the criteria
for inappropriate words are increased
How do Marslen-Wilson's new Cohort model and Norns' checking model
account for the effects of context found in this study7 To answer this question,
it is important to reflect on what exactly is measured by the crossmodal priming
paradigm Crossmodal priming results are generally taken to measure the
availablity of semantic properties of words In this study, the paradigm was
used explicitly to tap into the lexical levels of activation of word candidates at
various points during the processing of a spoken word The research reported
by Marslen-Wilson (1987), and the results for the early word fragments in this
study, demonstrated the availability of semantic information of different candidate words during lexical processing These results were interpreted as a
measure of the level of activation of these word candidates The results for the
late positions in the study by Marslen-Wilson, and the non-biasing contexts in
the present study, demonstrated the effects of lexical selection, that is, selection on the basis of the available sensory input Lexical selection has a negative
effect on the activation levels of word candidates that no longer match the
sensory input Summarizing these results, it is clear that, during and after lexical
access and selection, differential activation levels of word candidates are
measured with the crossmodal priming paradigm
If, analogously, the facilitation of the Actual Word and the lack of facilitation for the Competftor found at the third probe position in the Strong Context
also reflect the state of affairs in the ensemble of activated lexical elements,
then both the new version of the Cohort model and the post-access checking
model are wrong For the latest version of the Cohort model, no negative effects
of context on levels of lexical activation may be observed All candidates
should remain active as long as they are compatible with the sensory input The
results from this study do not support this view The data show that the Competitor does suffer from being contextually inappropriate The initial activation
disappears completely at a point in time where the Competitor is still a viable
candidate as far as the sensory input is concerned Norns' model has a solution
for negative effects of context the raising of the recognition criterion for inappropriate words explains inhibitory effects of context In the checking model,
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context has its effect at an output stage, and the effect is a criterion bias effect
With a bias explanation, however, no changes in the activation levels of lexical
entries may be observed (cf Tanenhaus et al, 1987), but such changes are
clearly demonstrated in the present study Thus, the obtained positive and
negative effects of context on the activation levels of word candidates are
inconsistent with both the recent version of the Cohort model and the postaccess checking mode! ,0
In sum, given that the crossmodal priming paradigm measures lexical
activation levels of word candidates, the negative and positive effects of
sentential-semantic contexts on these activation levels are located at a point in
time where the sensory input is still ambiguous The contextual appropriateness or mappropnateness of lexical elements has differential effects on their
levels of activation, thereby enhancing the selection of contextually appropriate words for subsequent recognition This finding is problematic for most
models of word recognition, because it locates the effects of sentential-semantic contexts at, and only at, the selection stage of lexical processing
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THE GATING STUDY
The experimental material described in the Method section of Chapter 3 was
also used in a gating study, that consisted of two sub-experiments The first part
of the study, the Context-gating experiment, investigates the effects of contextual information on word processing So, in the crossmodal priming study and
in the Context-gating experiment, the object of investigation is the same the
effects of sentential-semantic constraints on spoken-word processing But the
ways in which these effects are measured are quite different First, the Contextgating experiment directly investigates the effects of context on the amount of
sensory information that is necessary to identify a spoken word In the crossmodal task, the effects of contextual constraints on the spoken words are measured indirectly, through reaction times to visually presented probe words
Second, whereas the crossmodal paradigm provides reaction time data,
gating is not a timed task Subjects in the crossmodal experiments are required
to make fast lexical decision responses, in the Context-gating experiment, they
have up to 6 seconds to provide a response In addition, the gating task requires active involvement with the spoken words Word segments of increasing
length are presented, and the subjects respond with what they think the word
is going to be In the crossmodal priming task, subjects make responses to
visually presented stimuli, while just listening to the spoken sentences and
word fragments The crossmodal paradigm is often considered to be an unobtrusive measure of the effects of contextual constraints, since it does not require
a response to the spoken word under assessment In the gating task, this is
different Subjects respond to the spoken words, and they have ample time to
consider the contextual appropriateness of their response
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Using exactly the same materials - 24 Actual Words in three context
conditions - in two quite different tasks allows for a direct comparison of the
results obtained with each paradigm This comparison will be the subject of
Chapter 5 In addition to an assessment of the effects of context on the amount
of sensory information that is needed for word identification, the Context-gating
study also provides the opportunity to look into the size and structure of the set
of alternative words that are proposed by the subjects before the point at which
they produce the correct word One of the questions is whether the word
candidate that has been labeled 'Competitor' (e g , Actual Word KAPITEIN,
Competitor KAPITAAL) is among this set, and whether its membership is
dependent on its frequency and/or the manipulated contextual variables Both
sources of information, the points at which the word candidates are identified.
and the information on the production of alternative candidates, were also used
to establish the length of the word fragments of the crossmodal lexical decision
experiments
In a second part of the gating study, the Isolation experiment, the Actual
Words were presented without any preceding context The purpose of this
experiment is to compare two types of presentation format that can be used as
a baseline in context studies In gating experiments, a frequently used baseline
is the presentation in isolation of the target words that have been excised from
the context sentences , or from a carrier phrase (Grosjean, 1980, Cotton and
Grosjean, 1984, Tyler and Wessels, 1983, Tyler, 1984, Salasoo and Pisom,
1985) When the words are originally recorded in the context or carrier sentences, these sentences provide the natural acoustic and prosodie environment for the word-fragments This environment is disrupted when the fragments are excised from these sentences for presentation in isolation In the
Context-gating study reported here, a different presentation format served as
the baseline In the Carrier Phrase condition, the first segment is presented with
the carrier phrase in which it was originally recorded In this case, the baseline
condition represents the natural acoustic environment
The purpose of the Isolation study is to compare the two presentation
formats with the same word materials The general question is whether a
semantically neutral sentence, because of the natural prosodie and acoustic
environment it presents, enhances performance in a gating task To test this, the
subjects' performance on word fragments presented in isolation will be compared to the responses to the same words presented in the neutral carrier
phrases from the Context-gating study
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The structure of the remainder of this Chapter is as follows The gating
paradigm provides a general description of the gating task, and an overview of
the literature in which the gating technique is used as an experimental tool to
investigate spoken-word processing The results of these studies will be discussed in terms of the effects of context on word identification, and on the set
of word candidates elicited in the gating task In Context and confidence, some
questions will be raised concerning the potential effects of context on the levels
of confidence associated with candidate words produced in the gating task In
Successive or individual presentation, a methodological issue concerning the
presentation of word segments in gating experiments will be discussed This
section is followed by Experimental questions, containing a brief summary of
the purposes of the gating experiments reported in this Chapter In Method the
methodological details specific to the gating study reported here will be
provided Results and discussion presents the results of the two sub-experiments, followed by a general discussion in Conclusions

The gating paradigm
Over the last decades, gating techniques have been used as an aid in speech
analysis, to investigate speech-sound recognition and prosodie cues, and to
address the issue of segmentation in speech perception An overview of these
less recent studies is given by 't Hart and Cohen (1967) More recently, the
gating paradigm has been employed to study the processes involved in
spoken-word recognition (Grosjean, 1980, see also Pollack and Pickett 1963,
and Öhman, 1966, for earlier versions of the paradigm) Below I will discuss
only those gating studies which use the paradigm to address issues in spokenword recognition, and which are directly related to the study reported here
Some general remarks concerning the nature of the paradigm will precede a
more detailed discussion of these studies
In experiments using the gating paradigm to study word recognition,
subjects typically hear successive presentations of fragments of a target word
At each presentation, the fragment is incremented by a constant amount The
first fragment consists, for example, of the first 50 msec of the word, the second
fragment of the first 100 msec, and so on, until the whole word has been
presented After each fragment subjects have to respond with the word they
think is being presented, and they have to indicate how confident they are
about their choice
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Gating data can be analysed both quantitatively and qualitatively As to
quantitative measures, the task provides detailed information about the amount
of sensory input that is necessary to produce the correct word In the literature,
two measures are distinguished labeled 'Isolation Point' and 'Recognition
Point {cf Grosjean, 1980, Tyler and Wessefs, 1983, Salasoo and Pisom, 1985) '
These measures have been associated with separate stages of word processing word isolation and word recognition Word isolation is seen as an early
phase of word processing, during which the subject identifies the presented
word The operational definition - in a gating experiment - of this phase is in
terms of the Isolation Point the fragment or gate at which a subject produces
the correct word without subsequently changing her mind Word recognition,
it is argued (Grosjean, 1980, Tyler and Wessels, 1983), takes place at a later
stage, when the subject reaches some critenal level of confidence in the correctness of her response Therefore, the measure for word recognition - the
Recognition Point - always takes the subjects' confidence ratings into account
Mean Isolation and Recognition Points are considered to be estimates of the
amount of sensory information that is needed for word identification or recognition Comparing words of different frequency, or the same words in different
contexts, allows for the assessment of the effects of these variables on word
isolation and/or recognition Given that these two measures - Isolation and
Recognition Points - are traditionally distinguished in gating research, and to
ensure maximal comparability of the data from the gating study reported here
with results from earlier studies, the same kinds of analyses will be reported
Moreover, performing the same analyses is a prerequisite if we want to generalise the outcome of the comparison of gating and reaction time data reported
in Chapter 5 to other gating studies This does, however, not imply that I
endorse the just-mentioned psychological interpretation of these two measures
In addition to quantitative measures, the gating technique also provides
qualitative data The 'erroneous' responses, that is, the subjects' responses
other than the target word, can be analysed in terms of their number and
frequency, and in terms of their sensory and contextual appropriateness
The gating experiments reported below generally make two assumptions
concerning the nature of the task and the type of results it produces A first
general assumption concerns the relationship between data from a gating task
and the processes of word recognition in the normal listener Although gating
is not a timed task, it is assumed by most researchers that gating data reflect
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normal, 'on-line' language comprehension processes (Grosjean, 1980, Tyler,
1984) A second, more specific assumption is that the d liferent word responses
produced by the subjects at each speech segment are an estimate of the set
of activated word candidates that is available during real-time word processing The validity of these assumptions will be discussed in more detail in
Chapter 5
The effects of contextual variables
In his first gating study Grosjean (1980) set out to establish the gating paradigm as a valid way of studying the processes involved in spoken-word recognition By replicating the well-known effects of word frequency, word length and
context, he showed that data from a gating task closely correspond to results
obtained with other paradigms Grosjean collected gating responses and
confidence ratings for 48 English nouns, varying in frequency and length, in
three conditions a word-isolation, ashort context, and a long context condition
Grosjean s short and long contexts were similar to the Neutral and Biasing
contexts from this study The target words were plausible, but not predictable
in the short context, and reasonably predictable in the long context
Mean Isolation Points were calculated for the target words in each condition Mam effects of context, word frequency, and word length on Isolation
Points were obtained In both the short and the long context, significantly less
sensory information was needed for identification than for the words presented
in isolation Also, the mean confidence ratings at the Isolation Point varied as
a function of context subjects were less confident about their guesses when
the words were presented in context than in isolation To investigate whether as
much acoustic information is needed in and out of context to reach an equal
level of confidence, Grosjean performed an analysis in which the mean confidence of the word responses was the same in each context With equal confidence ratings in each condition, however, Grosjean found that words were still
identified earlier in context than in isolation Thus, the context effect was not
merely due to differences in confidence at the Isolation Point
As Grosjean points out, his Isolation Point data correspond closely to
results obtained with other tasks that require fast responses Given the relatively low confidence at the Isolation Points, he argues that data from speeded
tasks such as shadowing (Marslen-Wilson and Welsh, 1978) may not reflect
real recognition but rather word isolation In his view, real recognition involves
some level of confidence on behalf of the listener On the basis of the obtained
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patterns of confidence ratings at the Isolation Point, he argues in favor of a
monitoring component in word recognition After a first stage of word isolation,
a second phase involves monitoring the incoming input in order to reach some
criterion for acceptance, or recognition
Tyler and Wessels (1983) initially follow Grosjean in drawing a distinction
between two phases in word recognition an isolation and a recognition phase
They used the gating paradigm to investigate the relative effects of syntactic
and semantic constraints on the amount of sensory information that is necessary for word identification and recognition The semantic constraints in their
study were minimal The results from a cloze test showed that the target words
were contextually appropriate but not predictable The presentation of the
same target words in isolation formed their baseline condition Tyler and
Wessels calculated both Isolation and Recognition Points for their words and
the data demonstrate that the minimal semantic constraints substantially reduced the amount of sensory information needed to isolate or recognise a
word The effects of syntactic constraint were much weaker and no interaction
was obtained between the two sources of constraint
Salasoo and Pisom (1985) conducted a gating study in which they presented both forward gates (incrementing fragments from word onset) and
backward gates (incrementing gates from word offset) They calculated Isolation Points for ail content words in meaningful and semantically anomalous
sentences and for the same acoustic tokens presented in isolation The part
of the word that was not presented was replaced by envelope-shaped noise,
giving both a cue as to whether subjects were listening to a word-onset or a
word-offset fragment, and a cue as to the overall length of the gated word They
found a main effect of presentation direction, with an advantage for the forward
presentation format over the backward, and an overall effect of context The
words in the meaningful sentences were identified about 100 msec earlier than
the same words presented in isolation Salasoo and Pisom also obtained an
effect of anomaly' When the words were heard in semantically anomalous
contexts, word identification was severely impoverished Anomalous sentences clearly had a negative effect subjects needed more sensory information than when the same words were presented in isolation ?
In sum, all three studies demonstrate clear effects of semantic context on
word identification Not only strong semantic constraints show this effect, the
weak semantic constraints in the Grosjean and the Tyler and Wessets studies
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also significantly reduce the amount of sensory information that is required for
word identification
The pool of word candidates
Under the assumption that gating data reflect normal on-line language com
prehension processes, the alternative responses given by the subjects before
they produce the target word are often analysed to study the size and structure
of the set of activated word candidates during real-time word processing
Grosjean (1980) observed that the number of different candidates proposed
after the first (30 msec) gate depended on the availability of contextual infor
mation More candidates (7 5) were proposed in the isolation condition than in
the short context condition (6 1), and even less in the long context condition
(4 7) The same effect was obtained for the overall number of candidates
produced across all gate presentations Moreover, the fewer candidates pro
duced in context frequently did not form a subset of the responses given to
word fragments presented in isolation
In Grosjean s study, initial consonants were perceived more accurately
when the words were presented in context (78 percent correct) as opposed to
the isolation condition (23 percent correct) When word fragments are pre
sented in a sentence context, the natural acoustic transitions, together with the
prosodie, syntactic and semantic information, contributed to the ease of first
consonant identification, and resulted in a reduction of the size of the set of
proposed words Grosjean interprets these results in favor of an early interac
tion of bottom-up and top-down information In his view, both sensory and
contextual information serve to select a class of word candidates " we do
believe that top-down information can help restrict the initial cohort of candi
dates in number and kind " (Grosjean, 1980, ρ 281)
Tyler and Wessels (1983) counted the number of different words that
were, theoretically speaking, still compatible with the sensory input at the
isolation and the Recognition Point They wanted to test the prediction made
by the Cohort model, that at the point at which a word is recognised, there is
only one word candidate left that matches both sensory and contextual infor
mation To do this, the number of base morphemes' which were still compatible
with the acoustic information at the Isolation and Recognition points was estab
lished with the aid of a dictionary Base morphemes were defined as the
morphemes to which the rules of word formation apply, that is, the word-bases
without inflections and derivations Four judges evaluated the contextual
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appropriateness of these forms The mean number of base morphemes that
were compatible with both the sensory and the contextual information at the
Recognition Points approached 1, the value predicted by the Cohort model At
the Isolation Points, the mean number of base morphemes was 1 6
Although this count of alternative words was not based on recognition
data, Tyler and Wessels take this as evidence for the psychological reality of the
Recognition Point as measured in a gating task Given that the Isolation Point
data do not fit the predictions made by the Cohort model, Tyler and Wessels
consider the Isolation Point to be an artefact of the gating task They argue
against the distinction, made by Grosjean (1980), of two separate phases in
auditory word recognition Words in a gating task are isolated so early, because
subjects are encouraged to guess the word on the basis of very little acoustic
information Tyler and Wessels consider the Recognition Point to be a more
realistic estimate of the point at which a word is recognised in real time, since
it takes into account some measure of the listener's confidence J
Tyler (1984) analysed in more detail the alternative responses produced
by the subjects in the Tyler and Wessels study She tested the claim made by
the Cohort model conceming the autonomy of lexical access In the Cohort
model, the instantiation or activation of a set of words is based solely on sensory, and not on contextual information Three types of data from the original
Tyler and Wessels study bear on this issue First, the responses produced after
the first 50 msec fragment were m most cases consistent with the sensory input
Contrary to the findings of Grosjean (1980), the initial phoneme was correctly
identified in about 65 percent of the cases, independent of the context in which
the fragment was presented The fact that 35 percent of the responses did not
start with the correct phoneme is taken as an indication for the time it takes to
fully identify a word-initial phoneme By implication, the time it takes to establish
a word-initial cohort mighttake longer than 50msec Second, if the instantiation
of a word-cohort proceeds independent of contextual information, the same
(number of) words should be activated initially, irrespective of the context in
which a word is presented Tylers data indeed showed that, independent of
context, the same number of alternatives was produced after the first fragment
Whether these alternatives were in fact the same words in each context, is not
clear Third, Tyler found that, at early gates, some responses were produced
that were incompatible with the semantic and/or syntactic specifications of the
minimal semantic context
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Tyler interprets these results as evidence for a context- independent
instantiation of word-initial cohorts, and she locates the effects of context after
this phase Her data also show a difference between the isolation and the
context conditions in the rate with which the size of the initial cohort is reduced
There is a relatively steady rate of decrease in the isolation condition In the
meaningful contexts, however, word candidates start to drop out earlier and
faster Tyler interprets this as evidence for the effects of context on the autonomously established set of candidates after some 150 msec, contextual constraints rapidly reduce the number of candidates
Tyler's results are different from what Grosjean found In his study, there
was a significant difference between context conditions as to both the number
and the identity of produced candidates It is important to keep in mind that the
predictability of the target words in Tyler's study was essentially zero, whereas
in Grosjean's long context condition the target words were quite predictable
Apparently, when contextual constraints are stronger, gating data do demonstrate early effects of context on the set of elicited word responses Since
Gros/ean's first gate was only 30 msec long, it is very unlikely that under these
conditions contextual constraints are already operating following lexical access, that is, after the initial set of candidates has been fully established
Salasoo and Pisom ( 1985) also analysed the alternative responses given
before the identification point Most of these responses were compatible with
the sensory input, but some 5 percent of the words proposed in the meaningful
context was contextually, but not acoustically appropriate This suggests that
subjects use contextual sources of information to generate word responses at
early gates Salasoo and Pisom, similar to Grosjean, claim that at early gates
lexical candidates are activated on the basis of contextual information After
150 msec, however, only acoustically compatible word candidates are produced Salasoo and Pisom conclude that in normal speech processing situations, the sensory information present at the beginnings of words is the major
source of information used in word recognition Candidates based on nonacoustic sources of knowledge are produced only in cases of stimulus uncertainty at the earliest gates tn their experiment They estimate that during normal
word processing, approximately 150 msec of sensory information must be
available for the full establishment of a set of lexical candidates
Both Grosjean and Tyler demonstrate effects of word frequency with the
gating paradigm In Grosjean's study, high frequency words were isolated
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earlier than low frequency words He also observed that high frequency
competitors were more often produced than low frequency ones, before the
isolation of low frequency words The same was shown by Tyler, who found that
at early gates the proportion of high frequency words was twice as high as of
medium and low frequency words The frequency effect disappeared with
more stimulus information These data, then, indicate that word frequency
effects are strongest at early processing phases
To summarize, all studies show clear effects of sentential-semantic
context on word identification When presented in a meaningful context, the
amount of sensory information that is needed for word isolation is reduced
substantially Also, differences in the size of the set of elicited responses are
demonstrated when contextual constraints are present This finding, and the
factthat contextually appropriate candidates are produced which are inconsistent with the sensory information, leads Grosjean and Salasoo and Pisom to
conclude that contextual constraints play an immediate role in determining the
initial set of lexical candidates during word processing On the basis of the
context-dependent rate with which the size of the set of proposed candidates
is reduced, and on the basis of of the fact that subjects do produce contextually
inappropriate candidates, Tyler proposes a different location for the effects of
context Her suggestion is that context operates on the set of word candidates
only after the full establishment of this set Tyler and Salasoo and Pisom suggest
that the amount of sensory information that is needed for cohort generation
might be some 150 msec
Context and confidence
It is surprising that none of the researchers relate the pattern of confidence
ratings to the nature of the effects of contextual constraints As Samuel (1986)
points out, it is an important fact that confidence ratings at the Isolation Points
differ as a function of the context in which a word is embedded, with confidence
being much lower for words in meaningful contexts If it is assumed that confidence judgements are based on what subjects are sure that they hear, in
contrast to what they infer or guess, then the low confidence in context suggests that subjects are guessing, and that the context effects are post-perceptual Samuel compared the relationship between confidence ratings and
context to that between confidence and word frequency Subjects' confidence
scores do not vary as a function of the frequency of the presented words,
indicating that the effects of word frequency, in contrast to the effects of context,
are truly perceptual in nature
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The lower levels of confidence obtained at the Isolation Point in context
are somewhat counterintuitive The standard assumption, which is empirically
supported by gating data, is that confidence m a candidate will increase as
more sensory information supporting this candidate is heard Analogously, one
would assume that confidence in a response increases if the word is contextually appropriate The fact that confidence at the Isolation Point is lower for
words embedded in context could very well be confounded by the fact that in
context, the subjects produce the correct word on the basis of less sensory
information The mean Isolation Points in and out of context represent different
points in the same spoken word, with the Isolation Points in context being earlier
than the Isolation Points for the same words presented without contextual
support The varying confidence ratings at the Isolation Points could, therefore,
be a mere function of differential amounts of sensory information, and not of the
presence or absence of contextual information For this reason, analyses in
terms of Isolation Points are not suitable to look at independent effects of
context on confidence To investigate whether context has any effect on con
fidence ratings, and to find out whether these effects are negative or positive,
it is important to keep the sensory information constant across conditions
The confidence a subject has in her response obviously depends on the
amount of sensory information supporting the response The way in which
stimulus information influences confidence is illustrated in Figure 4 1(a) The
dotted line represents the cntenal level of confidence-borrowed from standard
signal-detection theory (Broadbent, 1971) - which needs to be exceeded
before a response can be made This criterion does not change as a function
of stimulus information
Figure 4 1(a) The influence of sensory information on confidence ratings
more stimulus
information
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At the fragment/кар/, both Word 1 (kapitein) and Word 2 (kapitaal) are about
equally supported by the bottom-up information, and this is reflected in the
levels of confidence associated with the two candidates At the fragment
/kapit /, there is more sensory information (e g , /it /) Moreover, the information
about the identity of the final vowel (represented as ) supports kapitein ,but not
kapitaal The stronger bottom-up support for kapitein, relative to the earlier
fragment, is reflected in a higher level of confidence for this candidate As a
consequence of the fact that the specifications of the final vowel no longer
match the candidate kapitaal, the confidence in this candidate has dropped
beneath the critenal level necessary for production
There are two potential ways in which contextual information can influ
ence the level of confidence associated with lexical candidates A first hy
pothesis is that there is no difference between sensory and contextual informa
tion with respect to their effects on confidence In this view, which I will label the
'Specific theory, the effects of context on confidence are analoguous to the
effects of stimulus information Both sources of information directly affect the
levels of confidence of individual words This view is illustrated in Figure 4 1(b)
Figure 4 1 (b) The influence of contextual information on confidence The Specific theory
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Compared to the same word fragment presented without context (the left-hand
side of the Figure), the levels of confidence associated with individual word
candidates change as a function of context Thus, contextually appropriate
words (e g , Word 1 kapitein) are associated with high levels of confidence,
whereas contextually inappropriate candidates (e g , Word 2 kapitaal) obtain
low levels of confidence In the Specific theory, then, context does not affect
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confidence in an all-or-none manner, but its effects are relative to the candi
dates The presence of contextual information raises the leve! of confidence for
contextually appropriate candidates, at the same time negatively affecting the
confidence in inappropriate candidates Whether a candidate will be pro
duced, not only depends on sensory support for this candidate, but, crucially
to a large extent on its contextual appropriateness
An alternative hypothesis is that context changes the criteria! level of
confidence In this view, the individual level of confidence associated with a
particular word candidate is based solely on the amount of bottom-up support
for that candidate, and not on its contextual appropriateness Positive effects
of context on confidence can be explained if context raises the criterion such
that only candidates which exceed this higher critenal level are produced
Conversely, context could negatively affect confidence by lowering the criter
ion, such that more words with relatively lower levels of confidence would be
produced The positive counterpart of this hypothesis, which t will refer to as the
'Criterion theory', is illustrated in Figure 4 1(c)

Figure 4 1(c) The influence of contextual information on confidence The Criterion theory.
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Again, as with Figure 4 1(b), the left-hand side of the figure represents the
situation where no contextual information is provided, and where Word 1 and
2 are about equally supported by the sensory input When the same word
fragment is embedded in acontext sentence, the confidence criterion is raised,
such that the confidence associated with Word 2 now falls below the criterion
So, in the Criterion theory, context affects the confidence criterion, but not the

95

individual level of confidence associated with a particular candidate As a
consequence, fewer candidates - only the ones strongly supported by the
sensory input, and therefore associated with relatively high levels of confidence
- will be reported when there is contextual information The opposite is true
when context effects on confidence are negative
These two theories make different predictions as to the level of confidence associated with each word candidate in and out of context According
to the Criterion theory, word candidates oroduced in context should have an
overall higher level of confidence, compared to the no-context situation Also,
fewer candidates should be produced in context, since notali potential candidates will exceed the higher criterion Again, exactly the opposite will happen
if context lowers the criterion On both accounts, however, a word candidate
produced at a particular gate should have the same level of confidence, independent of the presence or absence of contextual information
According to the Specific theory, where context affects the confidence
levels of individual words, the confidence in a particular word candidate will
vary as a function of its contextual appropriateness Keeping stimulus information constant, different confidence ratings are expected for the same word as
a function of the presence or absence of contextual information, and, in general, confidence in contextually appropriate candidates should be higher than
the confidence levels of less appropriate candidates Throughout the Results
and discussion section, these two opposing claims will be tested by critically
evaluating - for each type of analysis - the confidence with which words are
proposed
Successive or individual presentation
Since the introduction of the gating paradigm as a technique for studying
spoken-word recognition, questions have been raised with respect to the
possible effects of repetition, following from the fact that subjects are presented
with all successive fragments of a target word To investigate these effects,
Cotton and Grosjean (1984) and Salasoo and Risoni (1985) compared the
successive and individual presentation formats4
Cotton and Grosjean used a subset of the original Grosjean materials and
presented only one fragment of each target word to each subject Comparing
their results with the original data set, they found no effect of presentation format
on word identification The same number of subjects guessed the word cor-
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rectly as a function of gate duration and context Also, no differences were
found for the mean confidence ratings in the word-isolation condition For
words presented in context, however, the individual presentation format produced higher levels of confidence at early gates Salasoo and Pisom (1985)
also found no effects of presentation format on identification points, replicating
the results of Cotton and Grosjean Both studies show that essentially the same
pattern of alternative candidates is produced with either format Cotton and
Grosjean found that, especially at later gates, the number of word candidates
that are shared between the two formats is striking In addition, the difference
between the isolation and context conditions in the number of alternatives
produced was of the same size in both presentation formats
Experimental questions
Since no major differences were demonstrated between successive and individual presentation, the successive format was chosen for the study to be
reported here With successive presentation, fewer subjects are needed, and
the preparation of experimental tapes is much easier Before moving to the
Method section, I will briefly summarize the purposes of the gating study In
addition to establishing the probe positions for the crossmodal priming experiments, the gating data served to answer the following three questions First,
what are the effects of the manipulated contextual variables on the identification and recognition of the Actual Words'? Second, what is the contribution of
contextual information to the size and structure of the set of proposed alternative candidates? Of particular interest here is the production of the Competitors
Throughout the discussion of the data bearing on these questions, the effects
of context on the confidence scores associated with the responses will be
evaluated The aim of these analyses is to distinguish between the two views
that were discussed in Context and confidence The third question concerns the
difference between words presented in isolation, and in carrier phrases Does
a semantically neutral context with appropriate prosodie cues enhance word
identification'? Throughout the Results and discussion section, the data will be
compared to the results obtained by others with the same paradigm A comparison of the gating data with results from other paradigms will be deferred to
Chapter 5, where a critical evaluation of the gating paradigm as a tool to
investigate on-line word processing will be presented
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Method
Since Chapter 3 contains all information about the Actual Words and the
contexts in which they were embedded this section will only provide the information particular to the gating experiment
The gating study was divided into two sub-experiments - the Context
and the Isolation experiment - for the following reason To adequately compare
the Context-gating experiment with the crossmodal priming study, the Actual
Words were presented in only those conditions that were also present in the
crossmodal study (1 ) the Biasing Context, (2) the Neutral Context, and (3) the
Carrier Phrase condition The results of the Context-gating experiment were
analysed to specifically look at effects of contextual information on word identification
In the Isolation experiment, the fragments of the Actual Words were
presented in isolation, without any preceding sentence materials A separate
group of subjects was tested on this condition The results of this experiment
will be compared to the Carrier Phrase condition of the Context-gating experiment, to investigate the role of a neutral preceding context on word identification
Material
The context sentences and the carrier phrases originally recorded on audiotape were sampled at 20 kHz and digitized The acoustic realizations of the 24
Actual Words in the Carrier Phrase condition were excised from their acoustic
environment, under visual and auditory control With the aid of a waveform
editor, these stimuli were cut into segments of increasing length The first
segment consisted of the first 50 msec of the word, the second segment of the
first 100 msec, and so on, until the word was complete The offset of each
segment was smoothed with a 2 msec window The number of segments
depended on the length of the words, and varied from 6 to 12 ^ Appendix 2
gives an example of a set of gated segments
Between consecutive segments, a six second interval of silence was
inserted To create the Carrier Phrase condition, the sequence of segments was
joined onto the original carrier phrase The same series of acoustic tokens were
used to create the Biasing and Neutral Context conditions Here, the sequence
of segments replaced the word that was originally spoken at the end of the
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sentence pair of the Biasing Context For the Neutral Context, the first sentence
of the Biasing Context was subsequently erased For the Isolation experiment,
the sequence of word segments was presented without any preceding sen
tence The material sets were transferred to audiotape by means of a 12 bit
D/A convertor and a Revox В 77 Μ К II taperecorder
For the Context-gating experiment, three tape versions were con
structed, each containing 8 instances of Actual Words in each of the three
context conditions A practice block of four words embedded in sentences
preceded the test block Two of the practice stimuli were nouns, one was a verb
and one an adverbial The test block consisted of the twenty-four Actual Words,
eight in each context condition Fifteen fillers, five in each context type, were
interspersed between the test stimuli The gated filler words were verbs or
adverbiais, to obsure the fact that all test words were nouns Each experimental
tape consisted of 43 trials, practice and filler items included
For the Isolation experiment, one tape was constructed, containing all 24
Actual Words and the same filler and practice words as in the context experi
ment, but without the preceding sentence materials
Subjects
Thirty-six subjects participated in the Context-gating experiment, and a separ
ate group of twelve subjects was run on the Isolation experiment All subjects
were native speakers of Dutch and were paid for their participation
Procedure
Subjects were tested in groups of four in a group experiment room Twelve
subjects were tested on each experimental tape, played from a Revox В 700
at a comfortable listening level Closed headphones of the type Sennheiser HD
224 were used The subjects were instructed to listen carefully to the stimuli,
and to write down, after each segment, the word they thought was being
presented They also had to indicate on a 10-point scale how confident they
were about the correctness of their response (scale value 1 completely unsure,
scale value 10 completely sure) If on a given trial a subject could not think of
a response, she had to fill in a question mark For each word, a separate
response sheet was provided, containing blank lines for the word responses
and a 10-point scale at the end of each line for the confidence ratings In the
Context-gating experiment, the sentences were presented auditorily only in
combination with the first 50 msec word fragment Auditory presentation of the
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sentences was not repeated with subsequent fragments Instead, a typed
version of the sentence up to the critical word was provided at the top of the
answering sheet (see Appendix 3) The total testing session lasted approximately 55 minutes

Results and discussion
The data from the gating experiments, that is, the word responses and the
confidence ratings given by the subjects at each successive gate will be
analysed both quantitatively and qualitatively To address the question of
context effects on the identification and recognition of the Actual Words, a
quantitative analysis in terms of Isolation and Recognition Points will be presented in Context effects on word isolation and recognition In The structure of
the set of proposed candidates, the alternative responses will be analysed to
assess the contextual contributions to the size and structure of the set of words
produced by the subjects Also, the confidence ratings associated with these
responses will be discussed, and the data on the production of the Competitors
will be presented In The Isolation experiment, the data for the word fragments
presented in isolation will be compared to those from the Carrier Phrase condition of the Context-gating experiment, so as to investigate the effects of
neutral sentence frames on word identification Conclusions contains a general
discussion of the results of both gating expenments
Context effects on word isolation and recognition
For the analyses of the effects of context on word identification and recognition
and for reasons mentioned earlier, I will adhere to the traditional distinction (cf
Grosjean, 1980, Tyler and Wessels, 1983) between Isolation Points and Recognition Points For each subject, the Isolation Point is defined as the segment
at which the subject produces the Actual Word without subsequently changing
her mind In contrast to the Isolation Points, the definition of Recognition Point
involves the confidence ratings the subjects produce at each segment In this
study, the Recognition Point is defined as the segment at which the subject
produces the correct word with a confidence rating of 8 or more on the 10-point
scale, without subsequently changing her mind about the word response6
The Isolation and Recognition Point measures provide one way of looking
at the effects of context on word identification in a gating task These measures
are estimates of the amount of stimulus information necessary for 'word isola-
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tion' and 'word recognition' in the gating task Therefore, this type of analysis
provides discrete points in the word, and these points vary as a function of
context To first illustrate that context effects in gating are obtained throughout
the gated word, Figure 4 2 presents the cumulative distribution of the percent
age of correct word responses over gates in each context condition
Figure 4 2 Cumulative distribution of the percentage of correct responses as a function of
the number of segments heard, and of context
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As the Figure shows, context is operative as early as the first 50 msec segment
The percentage of correct guesses is much higher when contextual information
is present, and this is a stable pattern over the first 6to7 gates After 350-400
msec (gate 7-8), the percentage of Actual Word responses is very high irre
spective of context conditions Apparently, the sensory input at this point
uniquely specifies the presented word The Isolation and Recognition Point
analyses can provide information as to whether these observed effects of
context are statistically reliable
Subject and item based analyses of variance were carried out for the
mean Isolation and Recognition Points separately The results from the Isolation
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Point (IP) analyses will be presented first The Anova's on the IP data show a
highly significant mam effect of Context Mm F'(2 94) = 54 275, p< 00001 The
condition means are shown in Table 4 1
Table 4 1

Mean Isolation Points (in msec) for three Context conditions
Carrier
Phrase

Neutral
Context

Biasing
Context

279

203

136

The context effect, that is, the reduction - relative to the Carrier Phrase condi
tion - in the amount of sensory input that is needed to produce the correct word,
is 76 msec for the Neutral Context, and 143 msec for the Biasing Context The
67 msec difference between the Neutral and the Biasing Context is also reli
able '
The Recognition Point (RP) data show the same basic pattern of results
a highly significant mam effect of Context (Mm F'(2,82) = 34 978 p< 00001)
The means m each condition are shown m Table 4 2 β
Table 4 2

Mean Recognition Points (in msec) for three Context conditions
Carrier
Phrase

Neutral
Context

Biasing
Context

347

292

228

These results demonstrate that words can be identified without contextual
support well before all of the sensory information is available The mean length
of the words used m this experiment is 460 msec, the mean Recognition Point
in the Carrier Phrase condition is 347 msec This implies that words presented
m a neutral carrier sentence are confidently identified after some 75% of the
sensory signal has been heard This result corroborates findings from other
gating studies (Grosjean, 1980, Tyler and Wessels, 1983, Salasoo and Pisom,
1985), and from other tasks such as shadowing and word monitoring (MarslenWilson and Welsh, 1978, Marslen-Wilson and Tyler, 1980)
When presented m a meaningful sentence context the Recognition Point
shifts to the left in the word Taking the Carrier Phrase condition as the baseline,
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the Neutral Context reduces the amount of sensory information required for
recognition by 55 msec, whereas in the Biasing Context the reduction is 119
msec These differences are significant on post-hoc comparisons The 64
msec difference between the Neutral and the Biasing contextual constraints ¡s
also reliable These results are comparable to those obtained by Grosjean
(1980), Salasoo and Pisom (1985) and by Tyler and Wessels (1983) for their
semantic context conditions
If we look at the distances, in msec, between the point in the word where
subjects produce the correct word for the first time (the IP), and the point where
they are confident about their response (the RP), we observe the following
Whereas the Biasing and the Neutral Context conditions show a similar increase in the amount of sensory input needed to reach the critenal level of
confidence (89 msec in the Neutral Context, 92 msec in the Biasing Context),
this is different in the Carrier Phrase condition Here, the distance between IP
and RP is only 68 msec To further investigate this, subject and item based
Anova's were performed, where for each item in each context the mean IP was
subtracted from the mean RP, thus creating a measure for the distance between
the two points These Anova's show a significant effect of Context (MinF'(2,103)
= 3 268, p< 05) On the post-hoc comparisons, the mean distances in the
Neutral and Biasing Context conditions (89 and 92 msec, respectively) do not
differ, but both are reliably longer than the Carrier Phrase condition (68 msec)
Thus, in the Garner Phrase condition, where no contextual information
supports the identification of the Actual Words, the distance, tn msec, between
isolating and recognising a word is smaller than for words presented in context
An analysis of variance on the mean confidence ratings associated with the
word responses at each point of measurement provides an explanation for this
effect The Anova shows mam effects of Context and of Point of Measurement
(IPvs RP), and, importantly, an interaction between the two variables F2(2,46)
= 12 848, p< 0001 9 The data are shown in Table 4 3
Table 4 3. Mean Confiden ce Ratings at IP and RP, in three Context conditions
Carrier
Phrase

Neutral
Context

Biasing
Context

IP

55

46

45

RP

88

89

90

103

The post-hoc comparisons, based on the error term of the interaction, show no
differences in mean confidence at the Recognition Points At the Isolation Point,
however, subjects are less sure about their responses when the words are
presented in context The mean confidence in the Carrier Phrase condition is
reliably higher than in the Neutral and the Biasing Contexts As a consequence,
subjects reach the crrterial level of confidence that defines the Recognition
Point (e g , 8 or more) earlier in the Carrier Phrase condition This explains why
the distance between IP and RP is smallest in the Carrier Phrase condition
Given that at the RP the mean confidence scores are statistically identical
across context conditions, it is clear that the effects of context obtained with the
gating task are not a soie function of confidence Although the magnitude of the
context effect, that is, the reduction - relative to the Carrier Phrase baseline
of the amount of sensory information needed for word identification, is somewhat smaller at the Recognition Point, the effects are still strong and reliable
How do these data compare to results from other gating studies?
Grosjean (1980), as in the present study, observed differences in confidence
ratings at the IP subjects were less confident when a word was presented in
context Although he did not calculate Recognition Points, he also obtained a
smaller effect of his contextual variables when confidence ratings were kept
constant Grojean concludes that Isolation Point data reflect early word-identification He compares this to what he claims subjects do in some fast on-line
tasks identifying, but not fully recognising the best available candidate Full
recognition, he argues, involves some cntenal level of confidence on behalf of
the listener Samuel (1986) used these facts to conclude that the early effects
of context, obtained at the Isolation Point, reflect post-perceptual bias
Tyler and Wesseis (1983) believe that the Recognition Point is a better
estimate of on-line word selection than the Isolation Point Contrary to Grosjean,
they do not postulate two distinct phases of isolation and recognition, rather
they discard word-isolation as an artefact of the gating task They found no
differences between IP and RP measures in terms of the overall effects of
semantic and syntactic constraints, although their semantic condition, similar
to the results reported above, showed a decrease of about 20 msec in the size
of the context effect between IP and RP Tyler and Wesseis did not report mean
confidence ratings, but the distance in msec between IP and RP was again
smallest in their word-isolation condition
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In sum, the data from this experiment are in agreement with the results
obtained by Grosjean and the trend observed in the Tyler and Wessels' data
Whether the difference between IP and RP results reflects two distinct processing stages of spoken-word recognition is another issue What is observed is
that subjects more readily propose a word candidate when context supports
their choice, but that they do this at the cost of their levet of confidence In the
Carrier Phrase condition contextual support is absent The only source of information a subject can use is the sensory input, and under these circumstances
their confidence in the correct word response is higher As a consequence,
Isolation Points and Recognition Points are closer together
If we assume, as argued by Samuel ( 1986), that the low confidence at the
IP in the context conditions indicates that subjects are guessing, and that
context effects found at this point are not of a truly perceptual nature, but rather
task-induced, then we should seriously doubt the suitability of the notion of
Isolation Point as a measure of the contribution of contextual information to online word processing At the Recognition Point, however, where confidence
ratings do not vary as a function of context, the data still exhibit clear and strong
effects of context, and reliable differences between strong and weak contextual
constraints are found Moreover, confidence is high at the Recognition Points
The question as to whether we can therefore assume that RP measures are a
true reflection of normal language comprehension is not easily answered The
comparison, in Chapter 5, of RP data with data from a timed task will clarify
some of these issues
Finally, what does the pattern of confidence ratings tell us about the two
opposing views - the Criterion theory and the Specific theory - discussed in
Context and confidence"7 On the Criterion view, where context has the effect of
raising - or, alternatively, lowering - the cntenal level of confidence, one would
expect overall higher or lower levels of confidence in the context conditions
The data show that confidence is consistently lower at the mean IP when the
word fragents are embedded in context Two points are important here First,
in the analysis on confidence ratings, only the data for one type of response the actually presented word - are given No information is provided on alternative word candidates and the confidence with which these are produced
Therefore, no conclusions can be drawn with respect to the issue of overall
higher or lower levels of confidence in context Second, as was already discussed in Context and confidence the very nature of the Isolation Point measure provides us with different points in the spoken word, depending on the
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context in which the word is presented Since confidence ratings vary as a
function of the amount of sensory input supporting a word candidate, the data
on the confidence scores are confounded Therefore, the issue will be taken up
again in the foilowmg section, where the total set of responses, together with
their associated levels of confidence, will be evaluated
The structure of the set of proposed word candidates
The ensemble of words that is produced by the subjects in a gating task can
be analysed with respect to its size and structure A first question, which will be
discussed in the following section, is whether the size of the set is dependent
on the context in which the gated segments are presented Related to this
question, in Word candidates and confidence, the levels of confidence associated with the word candidates produced in each context will be evaluated A
second issue concerns the information that guides the production of candidates is it the sensory input, the information carried by the sentence context,
or both'? This will be the subject of Sensory and contextual appropnateness In
The production of the Competitor, the production of the word candidate that has
been defined as the Competitor (i e , the second word of a pair like kapitein/
kapitaal, of which only the first word is presented acoustically) will be investigated separately The following questions will be raised Is the Competitor
produced at some point in the word by the subjects, and is its production a
function of contextual appropnateness? Does its frequency, relative to the
frequency of the actually presented word, play a role7
The size of the set of word candidates
To investigate the effects of context on the set of elicited words, the number of
different responses that were produced by the subjects at two points in the
gated word were analysed at the first gate (after 50 msec of the word has been
presented), and at the third gate (after 150 msec) The data for the first gate can
be compared to the results obtained by Grosjean ( 1980) and Tyler ( 1984), who
also investigated the size of the set of produced words after the first gate ,0 The
analysis of the responses after 150 msec of the word has been heard has been
included for the following reasons
It has been suggested by Tyler ( 1984) and Salasoo and Pisom ( 1985) that
it might take about 150 msec before a word-initial set of candidates is fully
established Tyler found that - with the exception of anomalous contexts - the
reduction in the size of the set of proposed candidates was influenced by
context only after about 100-200 msec of the word had been heard She also
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observed that the majority of semantically and syntactically inappropriate
candidates was proposed at the earliest gates Salasoo and Pisom found that
during the first 150 msec, contextually appropriate, but acoustically inappro
priate candidates were produced If the generation of a word-initial cohort takes
some 150 msec, they argued, then the production of acoustically inappropriate
candidates, and differences in the number of candidates produced in various
contexts might be task-induced phenomena After all, subjects in a gating
experiment are required to provide a response on the basis of less than the 150
msec required for the full instantiation of a cohort So, the place to look for
effects of context which are not task-induced would be after some 150 msec
of the word has been heard This line of reasoning, then, is why the third gate
position was included in the analysis
For each Actual Word in each Context condition the mean number of
word responses other than the actually presented word produced at gates 1
and 3 was entered into an analysis of variance These responses are different
words produced by the subjects, and the maximum number for each Actual
Word in each condition equals the number of subjects ι e , twelve When more
than one subject responded with the same word, this was counted as one
There is a highly significant mam effect of Context Type (Biasmg/Neutral/Carner) F2(2,46) =43 47, p< 0001 The mam effect of Segment (first vs third gate)
is also significant (F2(1,23) =6 01, p< 03), and so is the interaction between the
two variables F2(2,46) =3 38, p< 05 The data are shown in Table 4 4
Table 4 4

Mean number of word candidates (excluding the Actual Word) after the
first and third gate, in three context conditions
Carrier

Neutral

Biasing

Phrase

Context

Context

First gate

72

58

40

Third gate

68

42

22

Post-hoc comparisons reveal that at the first as well as at the third gate, signifi
cantly fewer candidates are proposed in the Biasing and Neutral Context than
in the Carrier Phrase condition, and thatthe difference between the Biasing and
the Neutral Context is also reliable n The interaction between Context and
Segment is apparent in the significant reduction, going from the first to the third
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gate, of the number of proposed candidates in the Neutral and Biasing Contexts (1 6 and 1 8 respectively), relative to the absence of such a reduction in
the Carrror Phrase condition (0 4)
So, not only are fewer candidates produced in the real context conditions
at each segment, there is an additional reduction within each of the two real
context conditions, going from 50 to 150 msec This pattern of alternative
responses is mirrored by an asymmetry in the number of Actual Word responses in and out of context As with the alternative candidates, the maximal
number of responses for each Actual Word in each condition is twelve These
data are shown in Table 4 5
Table 4 5

Mean number of Actual Word productions after the first and third gate,
in three context conditions
Carrier

Neutral

Biasing

Phrase

Context

Context

First gate

02

12

42

Third gate

17

51

85

An Anova with Context (Biasmg/Neutral/Carrier) and Segment (first vs third
gate) as variables shows strong mam effects of Context (F¿(2,46) = 41 73,
p< 0001 ), and of Segment (F?( 1,23) = 42 82 p< 0001 ) The interaction between
the two variables is also highly significant F?(2,46) = 13 43, p< 0001 Thus, the
low overall number of alternative responses in the Biasing Context is in part
caused by more than 30% of the subjects producing the actually presented
word as early as the first gate At the third gate, this is more than 70%
This pattern of results is consistent with the data reported by Grosjean
(1980) In fact, the mean numbers of produced candidates after the first gate
are very similar 7 5 candidates in his isolation condition, 6 1 in the short sentence context and 4 7 in the strong semantic context,? Grosjean also reports
a high number of target word responses at early gates in his strong context
Contrary to what was suggested by Tyler (1984), context does affect the size
of the set of alternative candidates as early as the first gate After 150 msec, the
magic number for cohort generation, only very few candidates other than the
actually presented word are produced in the Biasing Context
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Tyler's ( 1984) suggestion that cohort generation is unaffected by contextual variables was based on the fact that in her study the size of the set of elicited
responses was roughly equal in and out of context This is not surprising, since
the predictability of the target words in her context conditions was zero When
contextual constraints render a target word moderately predictable - as is the
case in the materials usea here - a completely different pattern emerges
Clearly, contextual constraints seem to be as effective in the gating task during
the first 150 msec, as at later points m the word 13
Word candidates and confidence
Given the clear effects of context on the number of alternative word candidates
produced, what are the levels of confidence associated with these proposals7
Are these levels influenced by context? To investigate this, for each item set in
each context condition, the mean confidence ratings for the responses other
than the actually presented word were entered into an analysis of variance The
variables, as with the analysis on the number of productions, are Context and
Segment The data are shown in Table 4 6

Table 4 6

Mean confidence of alternative word responses, after the first and third
gate, in three context conditions
Carrier

Neutral

Biasing

Phrase

Context

Context

First gate

11

17

22

Third gate

27

35

53

Mam effects of Context (F2(2,46) = 32 59, p< 0001) and of Segment (F^l ,23)
= 105 53, p< 0001 ) are obtained, and a significant interaction F2(2,46) = 19 38,
p< 0001 Post-hoc comparisons show that, within each gate position, confidence increases with more contextual information The high level of confidence
for the responses in the Biasing Context at the third gate is responsible for the
interaction Whereas at the first gate, the increase in confidence from the
Carrier Phrase to the Neutral Context to the Biasing Context is of the same
magnitude (0 6 and 0 5), this is not true at the third gate Here, the difference
between the Carrier Phrase and the Neutral Context is much smaller than the
difference between the Neutral and the Biasing Context (0 8 and 1 8, respectively)
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To summarize, a) confidence is higher for responses to word fragments
presented in context, and b) there is an asymmetry in the increase in mean
confidence caused by the high level of confidence at gate 3 in the Biasing
Context These data are provided in Figure 4 3 together with the mean confi
dence ratings for Actual Word responses ы Figure 4 3 illustrates that for the
actually presented word as well as for its competitors, higher confidence levels
are obtained when word fragments are embedded in context
Figure 4 3 Mean confidence in Actual Word and alternative responses after 50 and 150
msec, as a function of context
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In the Carrier Phrase condition, the confidence ratings for Actual Words
and alternative candidates are very similar In context, however, the actually
presented word, which is always contextually appropriate, always has a higher
confidence level
The overall higher level of confidence, as a function of context, and the
smaller numbers of alternative proposals in context are in conflict with the view
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that - keeping sensory information constant - context effects on confidence are
negative The results seem to support either the variant of the Criterion hypothesis which claims that context raises the criterion, or the Specific theory Contrary
to the Specific theory, the Criterion theory predicts that there should be no
difference in confidence for a particular candidate as a function of context,
when stimulus information is kept constant The data for the alternative responses cannot provide the information relevant to this issue, since different
candidates are produced as a function of context (see also Note 11 ) The data
on the confidence in the Actual Word responses are crucial here There is a
clear difference in the level of confidence associated with Actual Word responses as a function of context Keeping sensory information constant,
confidence in the Actual Words is much higher when the word fragments are
presented in context sentences
This relative effect of context on confidence levels clearly poses problems for the Criterion theory Moreover, the ways in which context modulates
confidence seem to be sensitive to the type of context in which the word
fragment is heard confidence is highest in the Biasing Context This could only
be caused by the fact that the actually presented word is highly appropriate in
these sentences The data, therefore, are in support of the Specific theory,
which claims that context affects the level of confidence for each word individually, depending on its contextual (in)appropriateness
Sensory and contextual appropriateness
Given the suggestion by Salasoo and Pisom {1985) that candidates which do
not match the sensory input are frequently produced at early gates, the next
question of interest is on the basis of which information the candidates are
proposed It is not the case that in the Biasing Context, contextualiy appropriate
candidates are proposed at the cost of their fit with the bottom-up information
The percentages of correct first phoneme identification for the responses at the
first gate are not statistically different across context conditions 71% in the
Carrier Phrase Condition, 79% in the Neutral and 73% in the Biasing Context
These results are compatible with what is reported by Tyler (1984) Grosjean
(1980), however, found that after the first gate in his word-isolation condition,
only 23% of the responses began with the correct consonant The discrepancy
between Grosjean's data and the results reported here will be discussed in
more detail in The Isolation experiment
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If context does not overrule bottom-up information, what is the nature of
its effect on the set of proposed word candidates'' Context clearly delimits the
size of the elicited set of responses, does this mean that no contextually inappropriate words are proposed7 The answer is affirmative in the Biasing Context, very few words are produced that are contextually inappropriate Only 5
(1 7%) responses fall in this category, and these sporadic cases were produced at early gates '- Instances of syntactic incompatibility were negligible
no such responses were found in the Biasing Context condition, and only twice
was a verb produced in the Neutral Context Apparently, structural constraints
are as effective as semantic constraints in inducing the production of contextually appropriate word candidates That the absence of responses other than
nouns is not a strategic task-effect will be clear if we look at the responses in
the Carrier Phrase condition The percentage of verb responses in this condition is 14%, the percentage of adjectives/adverbials 13%
From these data, it is obvious that subjects in a gating task use the
available contextual information to delimit the set of words to only those that are
semantically and syntactically appropriate This not only happens under
conditions of strong stimulus uncertainty but also at a point that is considered
to be critical for the full establishment of the initial set after 150 msec of sensory
information 16 The effect of context is most prominent in the Biasing Context,
where only a small set of candidates is proposed, including the frequently
produced Actual Word even at the earliest gate The syntactic constraints of
the Neutral Context preclude the production of verbs, but a large number of
words is possible on semantic grounds Indeed, more different nouns are
produced here Since the Carrier Phrase condition does not provide any
constraints, the largest number of candidates is proposed in this condition, and
all word classes are produced With respect to the confidence with which the
word candidates are proposed, it is clear that the presence of contextual information leads to higher confidence in the responses given This is, however, a
relative effect, subjects have the highest confidence in the most appropriate
words
Thus, to summarize, context not only affects both measures of the amount
of sensory input that is needed to identify a word, namely Recognition Points
and Isolation Points, context also has a clear effect on the word candidates
proposed, in terms of their number, in terms of the associated levels of confidence, and in terms of their semantic and syntactic properties In addition,
there are consistent effects of the relative strength of different types of contextual constraint, evidenced by systematic differences between the Biasing and
the Neutral Context on all measures
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The production of the Competitor
Of special interest for these materials is the production of the Competitors On
the basis of the sensory information, the Competitors should be viable candi
dates until the point at which they separate from the actually presented words
The Actual Words and Competitors diverge late in the sensory signal, 'kapitein'
and 'kapitaal', for example, diverge at the point where the last vowel can be
identified The question now is whether these Competitors are among the set
of proposed word candidates, and whether their production is a function of
contextual information, and/or of word frequency With respect to possible
effects of context on their production, it should be kept in mind that these
Competitors are normal continuations in the Neutral Context There is no differ
ence in predictability between Actual Words and Competitors in these sen
tences In the Biasing Context the Actual Words are reasonably predictable
whereas the Competitors are considered to be inappropriate continuations If
an effect of context on Competitor production is to be expected, it should occur
in the Biasing Context

Figure 4 4 Number of Competitor responses over subsequent gates, as a function of context

O-O BIASING CONTEXT
Δ - Λ NEUTRAL CONTEXT
· - - · CARRIER PHRASE

Η
50

1

1

1

100

150

200

h
250
300
gates —1>

113

350

400

450

An item-based Anova on the number of Competitors produced in each
context shows a significant mam effect of Context F?(2,46) = 11 19, p< 0002
The total number of Competitor-productions in the Carrier Phrase condition
(n=133) is very similar to the Neutral Context (n=113), statistically, there is no
difference here In the Biasing Context, however, only four instances of Competitor-productions are found The Biasing Context differs significantly from the
other two conditions on this measure Although the Competitor is a viable
candidate on the basis of the sensory input, these words are basically never
produced in the Biasing Context This effect of context on the production of the
Competitor is illustrative for the more general effects on the set of elicited
candidates demonstrated in The size of the set of word candidates

Figure 4 4 illustrates the production of the Competitors over subsequent
gates No Anova was performed on these data, since the number of gates
varied across words (6 to 12 gates) The pattern of confidence ratings associated with the Competitors also shows an effect of context This is illustrated in
Figures 4 5 (a) to (c) Figure 4 5 shows the mean confidence ratings for Actual
Word and Competitor responses over subsequent gates
With respect to the confidence for the Actual Words, higher levels of
confidence are obtained when the fragments are heard in context This corroborates the findings reported in Word candidates and confidence, where the
confidence data for Gate 1 and 3 were shown For the Competitors, as was true
for the whole set of alternative responses, a different pattern emerges In Carrier
Phrases illustrated in 4 5(a), confidence is about equal for Actual Words and
Competitors In the Neutral Context (Figure 4 5(b)), confidence is higher for the
Actual Words than for the Competitors Relative to the data for the Carrier
Phrases confidence in the Actual Words is higher, and confidence in the
Competitors is somewhat lower here Thus, although the pretests described in
Chapter 3 showed that both words were equally plausible but unpredictable in
the Neutral Context, the confidence ratings show diverging patterns for Actual
Words and Competitors
In the Biasing Context, illustrated in 4 5(c), high levels of confidence are
associated with Actual Word responses, whereas the sporadically produced
Competitors have relatively low levels of confidence Clearly then, as was
already argued in Word candidates and confidence, the effect of context on
confidence is relative in nature Confidence is high for contextually appropriate
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Figure 4 5 Mean confidence for Actual Word and Competitor responses, as a function of
segment and context
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words, and low for words which form less appropriate or implausible continuations Combining this evidence with the earlier data on the whole set of alternative words, the results suggest that the Criterion hypothesis is wrong. The
data support the Specific theory, which states that context modulates the levels
of confidence of individual word candidates as a function of their contextual fit
Table 4.7:

Number of Compel tor-productions as a function of relative frequency
and context.
Carrier
Phrase

Neutral
Context

Biasing
Context

Competitor
high frequency

71

55

1

Competitor
low frequency

19

16

2

Competitor
equal-frequency

43

42

1

133

113

4

total:
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The data on the number of Competitor responses also exhibit effects of
word-frequency As described in the Method section in Chapter 3, the Actual
Word/Competitor pairs were divided into 3 frequency sets In the High-fre
quency set, the Actual Word has a higher frequency count than the Competitor,
in the Low-frequency set, the situation is reversed The word-candidate pairs
in the Equal-frequency set were matched for word frequency Table 4 7 breaks
down the total number of Competitor productions in each context into three
frequency groups
An item-based analysis of variance on these data, with Frequency (High/
Low/Equal) as nesting dimension, shows a marginal effect of Frequency
F?(2,21 ) = 3 33, p< 06 Collapsing across contexts, the production rate of Highfrequency Competitors is statistically larger than for the Competitors which are
of a lower frequency than their corresponding Actual Words (comparison
significant at 05) The interaction between Frequency and Context does not
reach significance F2(4,42) = 1 42, p> 20 Disregarding the distribution of the
few Competitors produced in the Biasing Context, the frequency effect is
observed in both of the other conditions

Figure 4 6 Actual Word and Competitor responses in the Carrier Phrase condition, over
gates, for each frequency group separately
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(b) Actual Word lower frequency
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To illustrate the effects of word frequency, Figure 4 6 provides the distribution over gates of Actual Word and Competitor responses in the Carrier
Phrase condition, for each of the Frequency groups separately (a-c) The
Carrier Phrase condition is chosen here because the Competitors were produced quite frequently

Figure 4 6 demonstrates the relative effects of word frequency When the
Actual Word is of higher frequency, the Competitor only becomes a candidate
at a point in time where it is one of the few candidates left which are compatible
with the sensory input When the Competitor has a higher frequency than the
Actual Word, it serves as the preferred response at early gates When both
candidates are of equal frequency, we find an equal, but minimal, production
early in the word There are no large differences in confidence as a function of
frequency The mean confidence is 4 1 for high-frequency Competitors, 3 5 for
low-frequency Competitors, and 4 1 when Actual Words and Competitors have
the same frequency This corroborates the finding by Grosjean ( 1980), that confidence does not vary as a function of frequency
It should also be kept in mind that these candidates are not the only words
compatible with the sensory input, and that the mean frequency of the word
candidates in the Equal group was not higher than 9 In general, the percentages for the Actual Words and the Competitors do not add up to 100 at early
gates Other words are frequently produced here For example, in the material
set where salaris (salary) serves as the actually presented word, and salami
(salami) as its close competitor, many subjects produce the word salade
(salad) up to gate 7 Of course, salade and salami are equally good competitors
of the Actual Word salaris, but only one word out of a set of candidates was
chosen to function as 'Competitor' in this study
In summary, the 'case study' of the Competitor, one of the most viable
candidates for production on the basis of the sensory information, shows clear
effects of context, both with respect to the number of times the Competitor is
produced, and with respect to the patterns of confidence ratings The contextually inappropriate Competitor is only sporadically produced in the Biasing
Context, the associated level of confidence is generally low The Neutral
Context and the Carrier Phrase condition show almost equal numbers of
Competitor responses, but confidence is lower in the Neutra! Context. Interestingly, although the pretests described in Chapter 3 showed that the Actual
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Words and the Competitors were equally unpredictable in these sentences, the
confidence data show a bias in favor of the Actual Word Given the comparable
production rates - at each gate - for the Competitor in the Neutral Context and
in the Carrier Phrase condition, this bias cannot be an effect of sensory information Apparently, both pretests - the cloze test and the naturalness judgement task - are not sensitive enough to pick up the subtle differences in
appropriateness reflected in the confidence data
In general, it was shown that effects of context on confidence are relative
in nature The availability of contextual information has differential effects on the
confidence ratings of individual word responses The effect can be positive or
negative, depending on the contextual appropriateness of the response given
These results support the Specific theory of confidence, which claims that
contextual information modulates confidence levels of individual words in very
much the same way as sensory information does
The data also show effects of word frequency When the actually presented word and its close competitor are both viable candidates, as is the case
in the Carrier sentences, word frequency is one of the variables which decides
whether the Competitor will surface as a response In general, the obtained
effects of word-frequency are compatible with results reported by Grosjean
(1980) and Tyler (1984), who demonstrated that subjects have a tendency to
produce high frequency words at early gates
The Isolation experiment
In the Isolation experiment, the 24 Actual Words were presented without the
carrier phrases that had originally preceded these words The presentation m
isolation was the only difference from the Carrier Phrase condition of the
Context-gating experiment The sensory information contained in each gated
segment was precisely identical in both conditions To investigate the effects
of a natural acoustic and prosodie context on word identification, the results
from the Isolation experiment will be compared to the Carrier Phrase condition
from the Context-gating experiment It should be kept in mind that different
groups of subjects were used in the two presentation conditions As a consequence, only analyses based on items will be presented The same measures
that were used in the Context-gating experiment will be applied here to compare the two baseline conditions First, Isolation and Recognition Point data will
be presented, including the mean confidence ratings Subsequently, the size
and properties of the set of elicited responses will be discussed
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The mean Isolation Point in the Carrier Phrase condition was 279 msec,
for the Isolation condition this is 291 msec (see Table 4 8) So, there ts a small
12 msec advantage of the earner phrase over the isolation format, but the effect
does not reach significance (F?(1,23) = 2 0, p= 16) An Anova on the mean
confidence scores at the IP, however, shows a significant effect of Presentation
Format (F?(1,23) = 11 23, p< 003) The mean confidence rating in the Carrier
Phrases is 5 5, for the Isolation format this is 4 6 Thus, when presented without
a carrier phrase, subjects are reliably less confident about the correctness of
their responses

Table 4 8

Mean Isolation and Recognition Points (msec), and mean confidence
scores (in square brackets) for the two presentation formats
IP

ISOLATION
CARRIER PHRASE

RP

msec

conf

msec

conf

291
279

[4 6]
[5 5]

369
347

[6 8]
[8 8]

_ ^

"J _j

It is interesting to note that the mean confidence at the IP's in the two real
context conditions of the Context-gating experiment (4 6 in the Neutral Context,
4 5 in the Biasing Context) is very similar to the value for the Isolation format
Had I used a fragment-m-isolation format as the baseline in the context study,
no differences in confidence would have been found at the Isolation Point
With respect to confidence, there seems to be a difference between
semantically meaningful and neutral contexts In meaningful contexts, the
contextual approppnateness of a word leads to early word isolation, accompanied by low levels of confidence, relative to the carrier phrase situation
Compared with presentation in isolation, the presence of these same carrier
phrases seems to strengthen the bottom-up cues, such that subjects isolate the
word with much more confidence This difference in confidence is most likely
due to the nature of the information that is exploited by the subjects while
generating a response In context, subjects use contextual cues to compensate for the ambiguity in the sensory input, and this leads to low confidence In
the carrier phrases, in contrast to the fragments in isolation, the mformativeness
of the sensory cues is enhanced by the presence of the natural acoustic
environment, leading to higher confidence in the responses
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The difference in confidence scores at the mean IP, similar to the situation
in the Context-gating experiment, leads to a larger distance, in msec, between
IP's and RP's (see Table 4 8) At the RP, there is a significant advantage of the
carrier phrase format over the isolation condition (F?(1,23) = 18 92, p< 0002)
In the Carrier Phrases, 22 msec less sensory information is needed to reach the
cnterial level of confidence The mean confidence at the RP is equal for both
presentation formats These means, however, are calculated over the cases
where the cnterial level of confidence (8 or more) was indeed reached by a
subject, so no great differences are to be expected
But there is also a significant difference between the two formats in the
number of subjects that do not reach the criterium of 8 or more on the 10-pomt
scale When the fragments are presented in isolation, this happens in 16 6
percent of the cases, in the carrier phrase format this is 1 7% (F2(1,23) = 12 48,
p< 002) ,7 Thus, the 'equal' confidence at the RP is clearly a biased measure
The analysis of the size and structure of the set of proposed word candidates reveals even more dramatic differences between the two formats An
Anova on the number of different candidates proposed after the first gate
revealed a significant effect of Presentation Format F?(1,23) = 7 56, p< 02 The
mean number of responses after the first gate is 7 2 in the Carrier Phrase
condition, and 4 5 in the Isolation condition The mean confidence associated
with these proposals is 1 1 for both formats The mean number of alternative
candidates produced in isolation, 4 6, is similar to the mean for the Biasing
Context condition (4 8), but it has different origins In the Biasing Context, many
subjects produce the same candidate after the first gate, and frequently this is
the target word In the Isolation condition the mean number of candidates is so
low, because very often subjects do not respond at all, and fill in a question
mark
In fact, this happens extremely frequently An analysis of the number of
non-responses shows a strong effect of Presentation Format F2(1,23) = 15 83,
p< 0007 In only 40% of the cases was a word response produced after the first
gate in the Isolation condition The percentage for the Carrier Phrase presentation format was 74 Another striking difference between the two formats is the
percentage of correct first phoneme identifications at the first gate Whereas
this percentage was 71 for the earner phrase format, only 44% of the word
responses in the Isolation condition start with the correct phoneme Both
measures - non-responses and phoneme identifications - show strong effects
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of presentation format on the identification of early sensory information When
a word has been excised from its natural environment and its first gate is
presented in isolation, it is very difficult to identify the information contained in
the first 50 msec of the word The information leads to a word response only in
less than half of the cases, moreover, of the few word responses that are
produced, less than half starts with the correct phoneme 1β
That it is indeed a problem to identify word onsets in the Isolation condi
tion, and not a general effect of overall lower candidate production, can be
shown by the mean number of candidates produced over all gates There is no
reliable difference here, for the Carrier Phrase condition, the mean number of
produced alternatives is 19 6, for the Isolation format this is 18 3 (see also note
12) Also, the Competitors are produced equally frequently 133 instances in
the Carrier Phrase condition, 144 in Isolation
Given that, in this study, after the first 50 msec of words presented in
isolation, a word-response is produced in only 40% of the cases, with less than
half of these responses starting with the correct phoneme, it is not surprising
that in Grosjean's (1980) study, only 23% of the responses started with the
correct phoneme In his study, the fragment-size was only 30 msec Tyler (1984)
reports 62% correct first phoneme identifications after the first 50 msec frag
ment in her isolation condition Apparently, there was less sensory ambiguity
in the first 50 msec of her words than in the present and in Grosjean's study,S)
Salasoo and Pisom (1985) report that, over all gates and conditions, up
to 88% of their non-target responses are missing responses (blanks, question
marks) This percentage is amazingly high, in the present study very few
missing responses are found after the first two gates Salasoo and Pisoni's is
the only study where the gated words could occur anywhere in the sentence,
and where the part of the word that was not presented was replaced by noise
This presentation format might account for the high number of missing re
sponses
So, in summary, the comparison of the two presentation formats shows a
disadvantage of the fragments-m-isolation format, with respect to the traditional
measures of 'word isolation' and 'word recognition', and with respect to the set
of produced alternatives Clearly, the subjects' performance deteriorates in the
absence of a neutral lead-in sentence
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Conclusions
The results from the Context-gating experiment show clear and strong effects
of context on the amount of sensory information that is needed to identify words
Not only strong contextual constraints exhibit an effect, the minimal structural
and semantic constraints provided by the Neutral Context also significantly
reduce the amount of sensory input that is required for identification Moreover,
the size of the set of elicited word responses varies considerably as a function
of context With respect to the confidence with which word candidates are
proposed, it was demonstrated that context effects on confidence scores are
relative in nature Contextually appropriate words are associated with higher
levels of confidence than less appropriate or implausible candidates Furthermore, context also influences the set of word responses in a more qualitative
way With a few exceptions, the syntactic and semantic properties of the produced responses are in agreement with the constraints provided by the preceding sentences In general, the gating task seems very sensitive to the
syntactic and semantic information provided by the context in which a word is
embedded
An important conclusion from this gating study is that presenting segments in isoiation as a baseline condition evaluating for the effects of sentence
contexts can be particularly problematic when the number and properties of
the early responses are the object of investigation For analyses of Isolation and
Recognition Points, the problems are less severe When word fragments are
presented in isolation, both points are located later than for word fragments in
a carrier phrase Therefore, the strength of the effects of context on the amount
of sensory information that is needed to isolate and recognise words will be
somewhat underestimated with this kind of baseline In addition, the presentation in isolation leads to lower confidence scores
In how far the results obtained in a gating experiment are a true reflection
of what happens during on-line word processing, is an issue that is not completely resolved In this study, context effects have been demonstrated at a
point in time where they should not occur if lexical access were an autonomous
process Certain findings at the Isolation Points, e g , the variability - as a
function of context- of confidence ratings, and the fact that overall low levels
of confidence indicate that subjects are using contextual information postperceptually, render the psychological reality of the concept of word-isolation
questionable Whether Recognition Points established on the basis of gating

124

data are a true reflection of word recognition in real-time, remains to be seen
In the following Chapter the results from the gating study will be evaluated in
the light of the data from the crossmodal priming experiments Given that
exactly the same materials were used in both studies, the results can be
compared in some detail Conclusions will be drawn with respect to the suitability of the gating task as a paradigm to study on-line word processing

125

5

COMPARING GATING AND REACTION TIME DATA
The purpose of this Chapter is to assess the suitability of the gating paradigm
as an on-line measure of word processing This will be done by comparing the
results from the gating task with the reaction time data from the crossmodal
priming experiments on exactly the same materials There is good reason to try
to establish the gating task as a paradigm which taps into on-line processes of
spoken-word recognition First, contrary to other paradigms, gating provides
the possibility to 'control' the relationship between the response and the
amount of sensory input Breaking up the speech input and presenting it m a
piecemeal fashion enables us to precisely control the amount of sensory information the listener has heard on making a response With the available timed
tasks such information is not easily obtained Other than in an indirect way, by
calculating differences between response time, stimulus length, and estimated
response execution time, there is no way of assessing the amount of sensory
information that triggered the response
Second, gating is one of the few tasks which can provide information
about the characteristics and life span of the set of word candidates generated
at various points during the processing of a spoken word If gating were to be
established as a suitable paradigm for research in spoken-word processing,
these two properties of the task would make a valuable addition to the timed
tasks currently available If, however, the gating paradigm provides results
which differ in crucial aspects from those obtained with established on-line
tasks, then we should refrain from using the task to investigate spoken-word
processing as it takes place in real time, and from utilizing it to corroborate
claims made by various models of spoken-word recognition
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The discussion in this Chapter will focus on two assumptions underlying
most gating research The first assumption concerns the global relationship
between gating data and the processes of normal speech understanding The
question here is whether the gating paradigm, which typically allows for long
lags between stimulus and response, is a valid way to study normal, fast word
processing Traditionally, only tasks that tap into the processes of word recognition as they take place in real time are considered to be on-line These tasks
involve the fast timing of a subject s response during her processing of spoken
words
This first assumption, the on-lmeness' of the gating paradigm, can be
corroborated if it can be shown that the gating task produces results very similar
to reaction time tasks In particular, it is crucial to demonstrate a close correspondence between the ways in which word isolation and word recognition as defined by gating - are modulated by contextual information, and the effects
of the same contextual constraints in a reaction time paradigm To test this
general assumption, the results from the gating task and the crossmodal priming study will be compared with respect to where, during word processing,
contextual constraints have their effects Gating provides information as to the
points in the spoken word where the combined sensory and contextual information is sufficiently informative to accomplish what has been labeled 'word
isolation' and 'word recognition' The question is whether the crossmodal priming data reveal context effects - in terms of differential levels of activation of
word candidates as a function of contextual constraint - at the same points in
the spoken word
The second assumption generally made is that the set of alternative word
candidates produced by the subjects in a gating task before they respond with
the correct word, is equivalent to the set of lexical elements which become
active within the mental lexicon during normal language comprehension This
assumption is in part contingent on the first If, in general, it can be shown that
data gathered with the gating task are comparable to those collected with fast
response-time tasks, it still has to be demonstrated that the set of responses
produced by the subjects at various points in the gated word, mirrors the state
of affairs in the mental lexicon during on-line processing Crucially, it should be
shown that, with different paradigms, the same words are valid candidates at
the same points in time, and that variables such as semantic context or frequency have comparable effects
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In gating, subjects produce different word candidates before they identify the actually presented word It was demonstrated in Chapter 4 that these
candidates are generally compatible with the semantic and syntactic information provided by the preceding sentence material Also, word frequency was
one of the factors determining which word candidates were produced The
crossmodal priming data provide information about only two potential candidates the Actual Word and its Competitor The critical question, therefore, is
whether there is a correspondence between gating and reaction time data 1)
with respect to the point in the word where these candidates are produced (in
gating) or activated (in crossmodal priming), and 2) with respect to the effects
of context and word frequency on the production/activation of these words
The structure of the remainder of this Chapter is as follows First, in the
following section, the available evidence from the gating literature will be
evaluated in the light of the above questions In Context effects on the actually
presented words, the gating and reaction-time data from this study will be
compared with respect to the nature and locus of the effects of context Actual
Words and Competitors deals with the second assumption concerning the set
of words activated at various moments during word processing The two tasks
will be evaluated with respect to the data for the two critical word candidates
In The effects of word frequency, the two paradigms will be compared with
respect to frequency effects Finally, in The on-line nature of the gating task
revisited, some conclusions will be drawn concerning the appropriateness of
the gating paradigm to the study of on-line word processing

The available evidence for gating as an on-line task
In this section I will evaluate the attempts made in the literature to ascertain the
general suitability of the gating task to the study of word processing This
evidence is either based on global comparisons of gating and reaction time
data, or on data from different versions of the gating task
One of the purposes of the gating study by Grosjean (1980) was to
investigate the correspondence between gating data and results from other
tasks commonly used to study the processes of spoken-word recognition
Grosjean showed that a number of well-known phenomena, such as the wordfrequency, the word-length, and the context effect, can be replicated with the
gating paradigm In his view, however, it remained unclear whether the para-
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digm can provide information on when exactly words are recognised The fact
that his word-isolation data corresponded so well with data from on-line tasks
such as word monitoring or shadowing led him, on the one hand, to believe in
the general surtability of the paradigm for the study of real-time processes On
the other hand, he is convinced that monitoring and shadowing data do not
reflect word recognition, but rather an earlier phase of word isolation or identification (see also Chapter 4, The effects of contextual variables)
Despite this global correspondence between the data from the gating
paradigm and other, on-line tasks, the major problem still resides in the fact that
gating does not impose time constraints on the subjects The paradigm allows
for long lags between stimulus processing and response, thereby potentially
turning the task into one which reflects in large part post-perceptual, strategic
influences The absence of time pressure might invite using strategies that do
not operate under normal fast processing conditions The only study designed
to address this issue, by comparing a timed and a non-timed version of the
gating task using the same stimuli, is a study by Tyler and Wessels (1985)
In their timed version of the task, subjects were presented with word
fragments embedded in sentences, and they had to speak out loud as quickly
as possible the word they thought was being presented 1 Confidence ratings,
on a 10-point scale, were obtained on each presented word fragment The
materials formed a subset of the Tyler and Wessels (1983) study five word
fragments (two before, one at, and two after the Isolation Point from the original
study) in five conditions two normal sentence contexts and two semantically
anomalous contexts, with different degrees of syntactic constraint in each
context type In the fifth condition, the same word fragments were presented
without a preceding sentence An individual presentation format was used per
set of stimuli, each subject heard only one fragment in one of the conditions
The mean production latencies - about 500 msec - were within the range of
those obtained in other tasks such as auditory lexical decision and phoneme
monitoring
Isolation Points and Recognition Points, as defined in the original study,
were calculated The analysis on Recognition Points, with type of task (timed
vs non-timed) as a variable, revealed a mam effect of context, but also a
significant context by task interaction With both versions of the task, semantic
and syntactic information contributed significantly to word isolation and recognition, as demonstrated by a reduction in the amount of sensory information
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required for isolation and recognition, relative to the no-context condition The
data also showed an effect of anomaly, with Recognition Points in the semantically anomalous contexts being on average 30 msec later than in the nocontext condition (see also Note 2, Chapter 4) Given that Salasoo and Pisom
(1985), who used similar anomalous contexts, conclude that subjects under
these conditions use strategies which do not necessarily reflect normal processing, I shall concentrate here on Tyler and Wessels' normal sentence context data For normal, meaningful contexts, two differences between the timed
and the non-timed version can be observed
First, whereas in non-timed studies the Recognition Point is typically
located much later in the word than the Isolation Point, this was not true in the
timed version Isolation Points were some 30 msec later in the timed version
than in the original study The mean Recognition Point, however, was about 24
msec earlier in the timed version. In particular in the normal sentence contexts,
Isolation and Recognition Points almost completely overlapped As with the
non-timed study, Tyler and Wessels provide no information about the mean
confidence scores at the Isolation Points
Second, there were considerable quantitative differences between the
two tasks with respect to the magnitude of the effects of semantic context
Comparing the mean RP in the meaningful contexts with the RP in the nocontext condition, the reduction effect was, on average, about 130 msec in the
timed version, against 85 msec in the non-timed version Syntactic constraints
had comparable effects in both versions of the task Comparing strong and
weak syntactic constraints in the meaningful contexts, the effect of strong
syntactic cues was about 40-45 msec for both the timed and the non-timed
version
Although in the meaningful contexts in the timed study, the difference
between word isolation and word recognition was effectively annihilated, and
although the magnitude of the effects of semantic constraints was much larger
in the timed study, Tyler and Wessels believe that both versions of the task
produce comparable results Tyler and Wessels argue m favor of establishing
both versions as suitable tasks to tap into real-time processes of spoken-word
recognition In the light of their evidence, this conclusion might be too strong
In summary, although Grosjean (1980) showed a global correspondence
between gating and reaction time data, and although Tyler and Wessels (1985)
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show that a timed, single- presentation version of the gating task produces
strong effects of semantic information, and weaker effects of syntactic cues,
what remains unclear is the exact nature of the effects obtained with gating
whether these are truly perceptual or strategic bias effects Although the timed
version of the gating task puts the subjects under time pressure, it is still
possible that both versions of the paradigm share certain task aspects which
render their usefulness for the study of on-line effects of contextual variables
questionable For example, context might be particularly relevant under conditions where subjects are forced to concentrate on a fragment of the critical
word, and have to come up with a possible completion Given the task demands, the strategic use of contextual information could aid the subjects to
enhance their performance If that were the case, the observed pattern of
responses would not reflect the state of affairs in the lexical system, but rather
post-perceptual strategies (see also Chapter 2, Paradigms compared)
Given Samuel's (1986) analysis of the relationship between the nature of
effects obtained with gating and confidence ratings, it is particularly important
to concentrate on Recognition Point data Independent of the general question
whether the gating task taps into on-line processing events, context effects
obtained at the Isolation Point - given the generally low and variable levels of
confidence - could very well be a reflection of post-perceptual bias The same
argument does not apply to Recognition Points, where 8 is the minimal confidence, and where confidence is usually constant across context conditions

Comparing gating and crossmodal priming data
Given the preceding discussion, it is clear that an important test for the on-line
nature of the gating task is the comparison of gating data with data from on-line
tasks which do not share the task demands of the gating paradigm If the gating
paradigm constitutes an appropriate task for the study of on-line word recognition, then it should produce results that are comparable to those obtained with
paradigms of which the on-line nature and unobtrusiveness is firmly established To do this, the data from the gating study described in Chapter 4 will be
compared to the results from the crossmodal priming study of Chapter 3 We
know from the literature (see Chapter 2) that the crossmodal semantic priming
task provides information about the processes involved in word recognition as
they take place in real-time The task has the advantage that subjects are not
making decisions about the words whose contextual appropriateness is at
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issue Therefore, results obtained with the crossmodal priming paradigm
concerning the effects of semantic context and the pattern of activation of word
candidates, can be taken to be a true reflection of what takes place in the
listener during the various stages of lexical processing
Context effects on the actually presented words
In both the gating and the crossmodal priming study, effects of sententialsemantic context on word processing were observed In this section, the results
from the two paradigms will be compared with respect to the following issues
A first issue concerns the strength of the manipulated contextual constraints
Whereas the Neutral Context sentences provided minimal semantic and syntactic information, the Biasing contexts were constructed such that the actually
presented words were reasonably predictable The question now is whether
the two tasks produce similar results for both types of contexts, the weak cues
provided by the Neutral Contexts and the stronger constraints provided by the
Biasing Context In addition, if this is so, are the effects obtained with the two
tasks of a comparable magnitude7 A second issue concerns the locus of the
effects of context at which point during the processing of the spoken words are
these effects obtained with each paradigm"7
The most detailed information on contextual effects in the gating study
concerned the actually presented words It was shown that the availability of
contextual information had an effect on the amount of sensory input that was
needed for the isolation and recognition of these words Therefore, only a
subset of the crossmodal priming data, namely the lexical decision latencies
for the probes related to the actual words, is relevant for the comparisons to be
made here In the crossmodal experiments, effects of context were assessed
by comparing the latencies for Actual Word probes in the relevant test and
control conditions
With respect to the first issue - the strength of the manipulated contextual
variables - the general question concerning the comparison of gating and
crossmodal priming data is whether only contexts that provide a positive bias
towards the presented word produce an effect, or whether weak constraints
also aid word recognition In the gating study, both Isolation Point (IP) and
Recognition Point (RP) data showed a positive effect of weak contextual constraints Compared to the Carrier Phrase condition, the Neutral Context reduced the amount of sensory information needed for word isolation with some
75 msec At the mean RP, this was 55 msec The crossmodal priming data do
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not show any difference between the Neutral Context and the Carrier Phrases
Thus, whereas in gating the minimal semantic and syntactic constraints provided by the Neutral Context clearly contributed to word recognition, no such
effect was found in the crossmodal priming study There, reaction times to
Actual Word probes were statistically identical in the Neutral Context and in the
Carrier Phrase condition, at each of the probe positions
For contexts containing a semantic bias, significant effects were found
with both paradigms In gating, strong facilitatory effectswereobtamed on both
IP and RP measures Compared to the Carrier Phrases, words were isolated
some 140 msec earlier, and the mean RP shifted to the left in the signal by some
120 msec The crossmodal priming study also revealed substantial contextual
contributions in this condition Relative to the Carrier Phrase baseline, reaction
times to Actual Word probes were facilitated in the Biasing Context These
effects, however, did not show up before, on average, 200 msec of the word had
been heard
To compare the locus of these effects, it is important to look at the position
in the word of the mean Isolation and Recognition Points, relative to the point
in the word where context effects are obtained in the crossmodal study This
comparison is relevant for the Biasing Context only, since no differential effect
of the Neutral contexts was found with the crossmodal task
Averaged over materials, subjects in the gating task needed about 130
msec of sensory information to isolate the actually presented word in the Biasing Context The same words were isolated some 140 msec later when no
contextual information was present This difference in the amount of sensory
information necessary for word-isolation represents a strong effect of context
The point in the word where subjects isolated the correct word in gating corresponds exactly to the first of the four probe positions from the crossmodal
priming study At this first position, no effects of context were found in the
crossmodal data Lexical decision latencies to Actual Word probes were identical in the Carrier Phrase condition and in the Biasing Context
The Recognition Point in the Biasing Context was on average 228 msec
into the word Shortly before this point in the signal at the second probe position
(200 msec), there was no contribution of the Biasing Context to lexical decision
times Only after the 200 msec point did the reaction time latencies start to
deviate from those in the Carrier Phrase condition There are no RT data avail-
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able for the exact point in the sensory signal where the mean RP is located
However, unless the decrease in reaction time between Positions 2 and 3 is a
sharp one - and this is not very likely (cf Yantis and Meyer, 1988) - it looks as
if the Recognition Point in the Biasing Context from the gating study is not the
point where the words are actually recognised At the point in time where all
subjects in the gating task produced the Actual Word with a high level of
confidence, the crossmodal priming data have only just started to display an
effect of context
Figure 5 1 The locus of the effects of context in gating and crossmodal priming Difference
scores between the Biasing Context and the Carrier Phrase baseline
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A more detailed illustration of the differential locus of the effects of context
obtained with the two paradigms is given in Figure 5 1 This Figure illustrates
the strength of the context effect at each of the four probe positions, by provid
ing a measure for the facilitatory effects of the Biasing Context over the Carrier
Phrase baseline for the gating and crossmodal priming data separately The
dotted bars represent the difference between the Biasing Context and the
Carrier Phrase control with respect to the percentage of Actual Word responses
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in gating High percentages represent strong positive effects of contextг The
striped bars illustrate the context effect on reaction times to Actual Word probes
in the crossmodal priming study Differences, in msec, between RT's in the
Biasing Context and the Carrier Phrases are plotted for each of the four posi
tions
Figure 5 1 clearly shows that the effects of context in the gating study are
strongest early in the spoken word At Probe Positions 1 and 2, some 50-55%
more Actual Word responses are given in the Biasing Context than in the Carrier
Phrase condition This context effect obtained in gating dissipates when more
of the word is heard In contrast, in the crossmodal study no effects of context
are obtained early in the word It is only after Probe Position 2 that facilitatory
effects of contextual information are obtained Clearly then, the locus of the
context effect is radically different in the gating and in the crossmodal priming
task
To summarize, first, the two paradigms produce different results with
respect to weak contextual constraints Whereas in gating the information
contained in the Neutral Contexts substantially reduces the amount of sensory
input needed for word identification, no such effect is obtained with the
crossmodal priming task Second, both tasks reveal facilitatory effects of
stronger contextual constraints, but at a different point in the spoken word The
reaction time data show no facilitatory contribution of context during the first
200 msec of speech processing Given the evidence for multiple activation at
these early processing stages, I argued in Chapter 3 that lexical access,
defined as the contact between the speech input and the mental lexicon, is free
from contextual influences Context effects are located at a later phase of word
processing The gating data, however, show a different locus of the effects of
context The strongest effects are obtained early in the word, and the point at
which the subjects, on average, produce the actually presented word is 135
msec Thus, in gating, words are isolated at a point in time where the reaction
time data do not show any influence of context This finding supports the
conclusion which was drawn earlier, in Chapter 4, that context effects in terms
of early Isolation Points are caused by a task-induced strategic bias, and that
the concept of word isolation does not reflect what happens during on-line word
processing
The question now is whether the point at which contextually appropriate
words are recognised in gating - the RP in the Biasing Context - reflects a
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genuine on-line processing event Even the Recognition Point data, which are
claimed to be less prone to bias effects, show a pattern of results different from
the RT data When context provides a bias towards the actually presented
word, no more than 228 msec is needed for word recognition in gating, that is,
for word identification with a high level of confidence At this same point,
however, the crossmodal priming latencies in the same context condition have
only just started to be sensitive to contextual constraints
Thus, in general, the locus of the effects of context in gating is clearly
much earlier than with crossmodal priming The early isolation of words in
context seems to be an artefact of the gating task, and even the recognition of
these words, in terms of the RP, is too early when compared to the patterns of
activation shown by the crossmodal priming data A more detailed discussion
of the implications of these comparisons will be deferred to The on-line nature
of the gating task revisited
Actual Words and Competitors
Although some doubt has now been cast on the general suitability of the gating
task to the on-line study of context effects in word-processing, it is worthwhile
to investigate how gating and reaction time data compare with respect to the
production, in gating, and the activation, in crossmodal priming, of the set of
word candidates It is generally assumed that the set of alternative word responses produced in gating is a reflection of the subset of elements in the
mental lexicon which becomes activated during on-line word processing For
this assumption to hold, it is necessary to show that gating and reaction time
data produce similar results with respect to the availability and life span of
lexical candidates during word processing From gating and crossmodal priming, we have data for two lexical candidates the actually presented word and
its close Competitor Therefore, contextual contributions to the production, in
gating, of these two candidates will be evaluated against their pattern of activation in the crossmodal study Effects of context on the production, in gating,
of the Actual Words were already to some extent discussed in the previous
section The results for the Competitor, presented in Chapter 4 (The production
of the Competitor), showed a substantial effect of the Biasing Context It was
also clear that this was an early effect
To evaluate in more detail how the gating data on the production of the
two word candidates compare to the reaction time data, an analysis on differential production rates was performed For each spoken word in each context,
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the number of Actual Word and Competitor responses was calculated for each
of the points in the signal corresponding to the four probe positions from the
crossmodal priming study (see also Note 2) The results are shown in Table 5 1,
as percentage scores of a maximum of 12 subjects by 24 items
Table 5 1 Percentage of Actuaf Word and Competitor responses in the gating
task, as a function of Context and Probe Position
CONTEXT
TYPE

POSITION

ACTUAL
WORD

COMPETITOR

Biasing
Context

1
2
3
4

71
88
97
100

0
1
0
0

Neutral
Context

1
2
3
4

39
63
91
100

11
9
2
0

Carrier
Phrase

1
2
3
4

9
27
67
100

9
12
6
0

An Anova on the mean number of Actual Word and Competitor responses per
spoken word shows mam effects of Context Type, Word Candidate (Actual
Word vs Competitor), and Probe Position All interactions, including the threeway interaction between Context, Word Candidate, and Probe Position, are
significant
As is clear from the percentage scores, the Competitor is almost never
produced in the Biasing Context, not even at the early probe positions This
contrasts with the reaction time data, where, independent of context, significant facilitation was obtained for both word candidates at the first two probe
positions The high percentage of Actual Word productions in the Biasing
Context at the first two positions relative to the Carrier Phrases, again demonstrates the early contribution of this context in gating The same holds for the
Neutral Context compared to the Carrier Phrase condition, there is a significantly larger number of Actual Word responses at the first two gates (all
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comparisons significant at 01) 3 The production of the Competitors in this
condition, however, is comparable to the Carrier Phrase condition
Thus, with the gating task, strong and clear effects of context on the
production of both word candidates are obtained The Biasing Context shows
both positive and negative effects, the prod uction rate of the Actual Word is very
high, already at the first probe position, but theCompetitor never surfaces The
Neutral Context only exhibits positive effects on the production of the Actual
Word, the production of the Competitors is similar to the Carrier Phrase condition Again, it should be noted that the Competitors are normal continuations of
these Neutral Context sentences So, no negative effects were expected The
positive effect - relative to the Carrier Phrases - of this context on the production
rate of the Actual Word, however, is not mirrored by the pattern of activation
obtained in the crossmodal experiment I wilt turn now to the effects of word
frequency obtained with the two paradigms
The effects of word frequency
The word frequency effect, the fact that words with a higher frequency of
occurrence in the language are responded to more rapidly or accurately than
low-frequency words, is one of the most firmly established facts in word recognition research It was found as early as the nineteen fifties (Howes and Solomon, 1951, Solomon and Postman, 1952) and has been replicated with almost
every research paradigm, including gating (Grosjean, 1980, Tyler 1984) The
relative frequency of occurrence of the two critical word candidates, the Actual
Word and its Competitor, was a variable in both the gating and the crossmodal
priming study The way in which the impact of word frequency was assessed
differed for the two paradigms
In the crossmodal priming study, effects of word frequency were measured ¡n terms of the magnitude of the facilitation - compared to a baseline
condition - of the reaction times to probes related to high- and low-frequency
words Although the result was statistically not reliable, it looked as if at early
probe positions the high-frequency lexical candidates were activated more
than the low-frequency ones This was true for the actually presented words as
well as for the Competitors, the frequency trend was independent of the status
of the word candidate, and, importantly, of contextual variables
In the gating experiment, general effects of word frequency were manifest in the overall production of high-frequency responses at early gates The
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specific effects of the frequency of the actually presented word relative to the
frequency of its Competitor, described in Chapter 4, can be summarized as
follows Frequency strongly affected Competitor production, with considerable
production rates for Competitors which were higher in frequency than their
Actual Words In the Biasing Context, however, Competitor production was
almost zero, independent of frequency The effects of frequency on the production rate of the two word candidates were about equal in the Neutral and the
Carrier conditions
Thus, whereas the frequency trend observed at the early positions in the
crossmodal experiment was independent of the type of word candidate and of
context, the gating results show a clear influence of context Because the
contextual cues in the Biasing Context suppress the production of the Competitors, frequency effects were obtained in the Carrier Phrase and the Neutral
conditions only Again, we find effects of context in gating which are not obtained in the crossmodal priming study
In situations where contextual information is absent, as is the case with
the Carrier Phrases, the gating data exhibit effects of word frequency that seem
to be comparable to the RT data Summarising the data from Figure 4 6 in
Chapter 4, if the actually presented word is lower in frequency than its Competitor, the Competitor is frequently produced at early gates If their frequency is
equal, both word candidates are among the set of proposed words If, however,
the Actual Word is of higher frequency, the Competitor only emerges as a
candidate at a point in time around the Isolation Point - where it is one of the
few words still compatible with the sensory input
Thus, when no context is provided, similar effects are found with the two
paradigms To evaluate if the effects are really comparable, the following
analysis was performed For each actually presented word in the Carrier Phrase
condition, the instances of Actual Word and Competitor productions were
calculated at each of the Probe Positions ( 1 -4) used in the crossmodal priming
study For the calculations, the same procedure was followed as in the analyses
reported earlier in this Chapter If a probe position fell between gates, the
percentages were extrapolated on the basis of the data for the adjacent gates
The data are shown in Table 5 2, as percentages of 12 subjects, and 8 items
in each frequency group
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Table 5.2: Percentage of Actual Word and Competitor responses in the Carrier
phrases, as a function of Probe Position and relative Frequency
Probe
Position

Actual
Word

Actual Word
higher
frequency

1
2
3
4

14
16
61
100

1
5
5
0

Actual Word
lower
frequency

1
2
3
4

3
19
67
100

11
25
10
0

Actual Word
equal
frequency

1
2
3
4

11
46
74
100

16
7
2
0

Frequency
Group

Competitor

An Anova on the mean numbers of Actual Word and Competitor re
sponses, with items (spoken words) nested within Frequency, shows large
main effects of Probe Position and Word Candidate. There is also a marginally
significant main effect of Frequency : F2(2,21 ) = 3.29, p< 06 Post-hoc compari
sons based on the significant three-way interaction (Рг(6,63) = 2.65; p<.03)
show that frequency effects are particularly strong at the first two probe posi
tions This corresponds to the pattern obtained in the crossmodal study. If the
Actual Word is higher in frequency, Competitor production is low. If, however,
the Competitor is of higher frequency, its production rate is considerable, to the
extent that it is produced more frequently than the actually presented word. At
the Isolation Point in the Carrier Phrase condition (Probe Position 3), the highfrequency Competitor is still given as a response in some 10 percent of the
cases When both word candidates are of equal frequency, we see almost
equal production rates at the earliest position The fact that, at some of the
positions, columns do not add up to 100 percent, again illustrates that the
actually presented word and the word candidate which was chosen to be the
Competitor are not the only words compatible with the sensory input (see also
Chapter 4).
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In general, the effects of word frequency obtained with the gating paradigm correspond to the results from the crossmodal priming study, but only in
situations where no context is provided In the no-context condition, the effects
are quite comparable, and have the same locus during early processing
stages If a Biasing Context is provided, however, these effects in the gating
task are strongly modulated by the presence of contextual information

The on-line nature of the gating task revisited
As stated earlier in this Chapter, the suitability of the gating task for the study
of on-line language comprehension crucially depends on the correspondence
between the data it produces and the results from tasks which are truly on-line
What conclusions can be drawn with respect to the gating paradigm on the
basis of the present data7
In general, where the assessment of the effects of contextual variables on
word processing is at issue, gating and crossmodal priming data reveal quite
different patterns of results Two mam differences were observed between the
paradigms First, contrary to the crossmodal results, even weak contextual
constraints have substantial effects in gating This was evident not only in the
reduction of the amount of sensory information needed for word isolation and
recognition, but also in the high percentage of Actual Word productions in the
Neutral Context In the crossmodal priming data, the reaction times to Actual
Word probes in the Neutral Contexts and in the Carrier Phrases never diverge
significantly Moreover, the context effect is an early effect in gating At the point
where the words were isolated in the Neutral Contexts, coinciding with Probe
Position 2, the crossmodal priming data did not even show an effect of much
stronger contextual constraints1
Second, whereas both paradigms demonstrated contextual contributions of the more highly constraining contexts, they differ dramatically in the
presumed locus of these effects All analyses show that contextual influences
emerge much earlier in the gating task Here, in contrast to the crossmodal
priming data, sentential-semantic contexts provide a strong bias in favor of the
actually presented word very early on during word processing, even as early
as the first gate 4 Furthermore, the presented words are 'isolated' on the basis
of no more than 136 msec of sensory information, and word recognition in
gating occurs at a point in time where it could not have occurred considering
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the crossmodal data With respect to Isolation Point data, it was already
mentioned that a bias interpretation for the effects of context in gating is very
likely
Now, let us consider the situation where the subjects indicate through
their confidence scores that they are quite confident about their response the
Recognition Points An important additional fact is that confidence ratings at the
RP do not vary as a function of context As to the mean Recognition Points in
context, it is clear that the words are recognised at a point in time where the
crossmodal priming data either show no effects at all, as in the Neutral Context,
or only start to be sensitive to contextual constraint, as was the case in the
Biasing Contexts Clearly then, if we accept the priming data as truly reflecting
on-line processing operations, the Recognition Point measure is as sensitive to
post-perceptual bias as the IP measure, with its low and variable confidence
ratings
With respect to the second assumption, concerning the correspondence
between the word responses from gating and the set of activated lexical elements during on-line word processing, we find different results in and out of
context Again, very early in the signal, context ¡n the gating task strongly
reduces the size of the set of produced words, to the extent that the words
produced in context early in the signal do not form a subset of the words
produced when no context is provided Moreover, contextually inappropriate
words hardly ever surface as candidates For our two word candidates, which
in the crossmodal experiment were equally activated at early processing
stages, there were also strong effects of context in gating The Competitor, one
of the obvious candidates as far as the sensory input is concerned, is not
produced when the preceding context renders it inappropriate Finally, the fact
that in the gating task the frequency effect is not obtained in the Biasing
Contexts is another indication for the qualitatively different ways in which
contextual information modulates the set of words produced in gating, as
compared to crossmodal priming
If we take the crossmodal priming data seriously, all of the above implies
that the gating task is not suitable for the assessment of the contribution of
contextual variables to word processing The paradigm seriously overestimates the contributions of sentential context, both in terms of the kind of
constraints that can affect lexical proccessmg, and in terms of the locus of the
contextual effects The comparison seems to indicate that the effects obtained
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with gating are in large part due to the post-perceptual, strategic use of sentential information Contextual information can be extremely helpful for a subject who, confronted with minimal sensory input, is required to make a response A comparison with the cloze task presents itself, of which the off-line
nature has never been disputed Astothe second assumption, concerning the
correspondence between 'produced' and 'activated' word candidates, the set
of words produced in the gating task when contextual information is present is
clearly not a true reflection of the state of affairs in the mental lexicon of the
listener during real-time lexical processing
For what kind of questions, then is the gating paradigm a suitable research tool71 believe the paradigm provides interesting information as long as
it is used to study the processing of words, and not of context The crossmodal
priming data globally correspond to the gating data only in those situations
where the preceding sentence is a meaningless carrier phrase Three types of
data are relevant here Isolation Points, Recognition Points, and the production
of Actual Words and Competitors Concerning the first type of result, subjects
in the gating task isolate the words in the Carrier Phrases after, on average,
some 280 msec of the word has been heard They do this with 'medium'
confidence (mean of 5 5), and at the mean IP some subjects still produce
alternative words In fact, when the competing candidate was of higher frequency than the actually presented word, it was stilt produced in some 10
percent of the cases
The crossmodal priming data from the Carrier condition show an 11 msec
advantage for the probes related to the actually presented word over Competitor probes at the third position, which coincides with the mean IP in that context
However, the Actual Word and Competitor probes in the relevant control condition (the Long Fragment Control) show a similar (8 msec) divergence Of
course, different target words are compared here (e g , SHIP and MONEY) The
observed 11 msec advantage for the Actual Word probes, therefore, reflects
differences between probe words, and not a sensory bias towards the actually
presented word Moreover, the Competitors still show significant activation at
this point Thus, the crossmodal data do not mirror the preference for the
actually presented word which is clearly evident in the Isolation Point data
Again, as for words presented in meaningful contexts, it has to be concluded
that there is a strong guessing component in the Isolation Point data, even in
the absence of contextual information This seems to seal the fate of the Isolation Point and its appropriateness as a measure of on-line word processing
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With respect to the Recognition Points in the carrier sentences, the gating
and crossmodal priming data cannot be compared so easily The mean RP in
this condition is 347 msec, this point falls between Probe Positions 3 and 4 from
the crossmodal study So, for the exact Recognition Point, no crossmodal
priming data are available Figure 3 2 of Chapter 3, however, is at least indicative of the differential patterns of activation for the actually presented word and
its Competitor in these carrier sentences around and after the Recognition Point
from the gating study
The relevant data on the production, in gating, and the activation, in
crossmodal priming, of the Actual Words and their Competitors show comparable results Actual Words and Competitors were produced in the gating task
more or less equally frequently at the early Probe Positions The crossmodal
priming data show significant activation of both words at these same positions
Moreover, the relative effects of word frequency on the production or activation
of these candidates are quite comparable in both tasks So, with an exception
for the Isolation Point measure, the crossmodal priming results correspond
quite closely to the gating data when the words are presented in carrier sentences
The above comparisons only concern two word candidates out of a
potentially larger set, and the question is whether the conclusions can be
generalised to the whole set of candidate words proposed in gating There is
still one problem here Even in the absence of contextual information, the very
nature of the gating task - whatever version is used -forces subjects to make
a response At early gates, this is done on the basis of very little stimulus
information All researchers note the occurrence of responses that do not
match the sensory input at early gates In particular, when words are excised
from their sentence context and presented in isolation, the identification of the
information contained in the sensory input becomes extremely haphazard The
question is whether the fact that subjects are forced to produce a word, even
in situations of strong stimulus uncertainty, might not artificially blow up the size
of the set of initially produced word candidates It is difficult, in such a situation,
to equate the set of produced candidates at the earliest gates with the set of
lexical entries activated in the mental lexicon of the listener
One solution suggested in the literature is to investigate the set of produced words after more sensory information is available As Tyler (1984) and
Salasoo and Pisom (1985) note, the instantiation, in real time, of a word initial
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cohort might take some 150 msec Salasoo and Pisonfs data showed that the
bulk of responses that do not match the sensory input are produced before 150
msec of the signal is available If one wants to assess the structure of the initial
cohort via gating data, it might be a better strategy to analyse the set of can
didates produced after approximately 150 msec This solution again strongly
indicates that the gating paradigm should not be used as a toot to study context
effects, since contextual constraints were shown to have their narrowmg-m
effect on the produced set well before 150 msec
In conclusion, then, gating seems to be suitable to study the processing
of words presented without a meaningful context It is the only paradigm which
enables us to ascertain at which points in the spoken word the sensory signal
is sufficiently informative to narrow down the possible completions to one In
addition, as Long as the responses produced at early gates are treated with
caution, the production of responses other than the presented word provides
information about where the sensory input is still ambiguous Some caveats
have to be made with respect to the use of the paradigm as a measure of the
point where the presented word can be recognised It was demonstrated that
the earliest point at which subjects produce the correct word reveals a strong
guessing component, even when contextual support is absent In other words,
'word isolation' is not a real on-line processing event This guessing component
can only be eliminated if the confidence criterion which defines 'word recog
nition' is set at a high level ь For the investigation of the effects of sentential
contexts on word recognition, and on the set of word candidates, the paradigm
is ill suited Clearly, context effects obtained with the gating task are not percep
tual effects Therefore, nothing can be inferred on the basis of gating data with
respect to the use of contextual information during on-line word processing and
language comprehension
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6

CONCLUDING REMARKS
This final Chapter recapitulates the major findings of the research reported in
this dissertation, and relates these outcomes to the theoretical and empirical
framework outlined in Chapters "t and 2 In addition, I will present some conclusions with respect to the nature of the obtained effects, and I will outline a
framework of lexical representation that can accomodate the major findings of
the experiments reported in Chapter 3
In the first Chapter, a number of theoretical positions were described
which make different predictions as to when and how during the processing of
a spoken word semantic context can have its effects To qualify the 'when and
how', the lexical processing system was sub-divided into a number of processing phases labeled lexical access, selection, and integration During lexical
access, the sensory input is brought into contact with lexical représentations
stored in the mental lexicon Selection is the phase during which the lexical
element is chosen that best matches the input available to the system Integration, finally, concerns the integration into a higher-level representation of the
syntactic and semantic information associated with the lexical element
With respect to the level of representation to which the effect can be
attributed, two different types of semantic context effects were distinguished
The first involves information from within the same level of representation the
lexical level The fact that the recognition of one word can have an impact on
the processing of another word with which it is semantically related, is an
example of such an effect, and it was characterised as 'intra-lexical' A different
type of semantic effect is when the meaning of a sentence as a whole influences
the processing of a word, in the absence of strong intra-lexical connections
This type of context, labeled 'sentential-semantic' context, involves a higher-
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level representation of the meaning of the utterance The locus of the effects of
this type of context during on-line word processing was the mam object of
investigation in this dissertation Whereas all models of word processing can
accomodate for mtra-lexical effects, this is different for effects of sententialsemantic information
The models described in Chapter 1 were distinguished in terms of the
claims made about the structure of the word-processing system Whereas
some claim that the system is completely interactive in nature (Morton, 1969,
McClelland and Elman, 1986), others strongly adhere to a structure in terms of
autonomous modules (Fodor, 1983, Forster, 1979, Seidenberg, 1985) In a
purely interactive system, information can flow between different levels of
representation, and contextual information is allowed to intervene at any one of
the phases of word processing Contextual information can even alter the state
of affairs in the lexical system before any sensory information about the to-beprocessed word has reached the word-processing system This 'pre-activation claim of interactive models was among the claims tested in the experiments reported in Chapter 3
A free flow of information is not possible in autonomous models, where
each module operates on the output of an earlier component Autonomous
models, however, vary considerably in the size and number of postulated
modules In Fodor's (1983) model, there is only one single module the language-processing module Within this module information can flow between
sub-components, for example between the lexical and the phonological
component, but information from outside the language module cannot affect its
operations In contrast, Forster's (1979) model consists of several autonomous
modules the lexical module, the syntactic module, etc These modules are
ordered serially, and each module only receives input from its preceding
component In this model, syntactic or sentential-semantic information cannot
influence any of the phases of word processing which are part of the lexical
module Other models were described in which some components can be
characterised as modular, while others are interactive in nature (MarslenWilson, 1984, Marslen-Wilson and Tyler, 1980)
Clearly, with respect to the major theme of this dissertation - the locus of
the effects of sentential-semantic context - these models make different predictions The empirical evidence on context effects in the auditory domain
reported in Chapter 2 was critically evaluated with respect to this issue One
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major conclusion was that, although statements about the exact locus of the
sentential context effects were quite often made (Marslen- Wilson and Tyler,
1980, Marslen-Wilson and Welsh, 1978, Connine, 1987), it was frequently
possible to provide alternative explanations for the obtained results One
consistent finding from a number of studies (Samuel, 1981a, 1981b, Connine,
1987, Cole and Jakimik, 1980) is that contextual information does not influence
the actual perception and encoding of the stimulus information This finding
goes against some interactive models of word processing, in which contextual
information can alter the state of affairs at the level of sensory processing
Although it is rarely done in the literature, one should distinguish between
two ways in which contextual information might influence processing at the
level of perceptual analysis First, contextual information could directly influence the product of the process of speech perception, by contributing to the
representations derived on the basis of sensory analysis This can happen in
the Trace model (McClelland and Elman, 1986), where contextual information
can activate nodes at the phoneme level in the absence of bottom-up support
The evidence cited above shows that - at least f or sentential-semantic contexts
- this is not what happens
An alternative way in which semantic context could affect perceptual
processing is in terms of a reduction in the amount of sensory information that
must be extracted from the speech input to achieve selection In this view, the
way in which the speech input is perceived and processed is not affected by
the presence of a sentential context There are several studies demonstrating
that less sensory information is needed when words are presented in context
(Marslen-Wilson and Welsh, 1978, Marslen-Wilson and Tyler, 1980, Grosjean,
1980, Tyler and Wessels, 1983) However, for various reasons discussed in
Chapters 2 and 5, these studies do not provide decisive evidence for the
interaction between, on the one hand, information from higher-level syntactic
and semantic representations, and, on the other, the products of perceptual
processing With respect to the studies using the gating paradigm (Grosjean,
1980, Tyler and Wessels, 1983), it was demonstrated in Chapter 5 that the
paradigm is not suitable for the study of context effects during on-line word
processing
The general lack of a clear distinction between mtra-lexical context effects and effects arising from the developing higher-level sentence representation, together with the fact that it is frequently unclear whether the obtained
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results demonstrate real interaction through feedback, post-selectional processing, or even a strategic bias, makes the literature on semantic context
effects difficult to evaluate A general conclusion is that none of the studies
provide convincing evidence for an exact locus of the effects of sentence
contexts on word processing This conclusion is not a new one, see for example, Tanenhaus and Lucas (1987), and Tyler and Frauenfelder (1987) The
study reported in Chapter 3 was designed to fill this gap
Using the crossmodal semantic priming paradigm, the effects of sentential-semantic contexts on the level of activation of two word candidates were
assessed at various points during the processing of the spoken word Operationahsed on the basis of gating data, these points in the word were used to tap
into the various phases of lexical processing the access, the selection, and the
integration phases The crucial test of the locus of the effects of sententialsemantic context was provided by the context condition in which a positive bias
was created towards one of the word candidates, and a negative bias towards
the other In a nutshell, the results showed that there was no pre-activation of
contextually appropriate word candidates Moreover, the fact that contextually
appropriate and inappropriate word candidates were equally activated during
early phases of word processing showed that access to the mental lexicon was
unaffected by contextual information These results are not easily accounted
for by fully interactive models
The results further showed that the effects of sentential context are located during the selection phase of lexical processing It was shown that
context positively affected the activation level of contextually appropriate
candidates at a point in time where the sensory information was insufficiently
constraining to distinguish between appropriate and inappropriate candidates At the same point in the word, there was a negative effect on the activation of contextually inappropriate word candidates These findings are not
compatible with the autonomous models described earlier (Forster, 1979,
Seidenberg, 1985) With respect to the locus of the effects of sentential-semantic context, it was concluded that contextual information enhanced the selection of the appropriate candidate
This conclusion provides an answer to the question of when, during word
processing, sentential contexts have their effect But the question of ftowthis
effect comes about is still unresolved To address this issue, we have to reconsider what exactly is measured by the crossmodal semantic priming paradigm
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In Chapter 3,1 concluded that the paradigm taps into lexical levels of activation
What exactly is subsumed under the lexical level of representation often remains unspecified in the word-recognition literature Most theories agree that
there is a representational level of word-form These form representations
provide the basis for the mapping of the sensory information onto the mental
lexicon (the process I have referred to as lexical access)
This form-level, however, is not the level which is tapped into by the
crossmodal semantic priming paradigm There is no form relationship between
the spoken prime word (e g , kapitein) and its probe (e g , SCHIP) The paradigm exploits a semantic path into the lexicon kapitein and SCHIP are semantically related It is obvious, then, that the level of representation involved in
semantic priming is the lexical-semantic level It is also obvious that the lexicalsemantic level contains the information relevant for the integration into a higher
sentence-level representation of the meanings associated with individual
words It is therefore not surprising that contextual information was shown to
have its effects at exactly this level of representation, by altering the activation
of meaning representations of words as a function of their contextual appropriateness
What I want to claim, then, is that for words embedded in semantically
constraining contexts, selection is accomplished at the level of lexical-semantic representation, and not at the level of lexical form It is likely that activation
at the form-level is unaffected by contextual information The data from this
dissertation do not provide evidence to corroborate this claim, but the results
obtained by Samuel (1981) clearly show that processing at the level of form
representations is not affected by context Additional evidence comes from a
series of experiments conducted by Brown, who used a 'Form-priming' variant
of the crossmodal priming paradigm With this procedure, basically no effects
of context were obtained during lexical processing (Brown, personal communication) Moreover, if activation at the form-level is a sole function of sensory and not of contextual - appropriateness, then we can explain why listeners are
perfectly able to identify words presented in sentences which render them
contextually anomalous (Brown, 1984) This phenomenon is not easily explained if context affects the activation of word candidates at all lexical levels
of representation
In the light of the above evidence and arguments, I want to argue for a
definitional and functional distinction between form-level and meamng-levef
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representations in the mental lexicon, and for more than one mechanism of
selection If a word is heard in isolation, in an unconstraming context, or in a
context in which it is anomalous, then the word is selected at the level of the
word-form This form-level selection can occur as soon as the sensory input
uniquely specifies one element within the level of lexical form A different kind
of selection takes place when words are heard in constraining contexts In this
case, the meaning - that is, the lexical-semantic information - of the word is
selected to be integrated into a higher-level sentence representation A prerequisite for meaning-based selection to occur seems to be a certain amount
of bottom-up support for the lexical candidate Meaning-based selection does
not happen immediately upon or shortly after lexical access, where the sensory
information as a rule maps onto numerous lexical candidates, but at a later
stage, where only afew candidates are still compatible with the input If a word's
lexical-semantic information is selected, form-based selection is no longer
necessary, a point I will return to towards the end of this Chapter
If context differentially affects the levels of activation of lexical-semantic
representations associated with contextually appropriate and inappropriate
word candidates before all of the spoken word has been heard, how can we
explain the results of the studies on lexical ambiguity discussed in Chapter Z7
What most of these studies show is that, independent of context, both meanings of an ambiguous word are momentarily active when the full ambiguous
spoken word has been heard There are a number of solutions to this apparent
paradox A first solution would be that whereas different lexical entries - associated with different lexical-semantic representations - are involved in this
study, this is notthecaseforlexically ambiguous words Thus, whereas kapitein
and kapitaal-two different words - have their own separate entry at the level
of lexical-semantic representation, an ambiguous word such as bank might
have only one entry The early meaning-selection observed in this study would
then be between different entries, and not between different meanings encoded in one entry In this view, the selection between different entries precedes the disambiguation of different meanings within one entry
A second possibility is that the single-entry solution holds for some cases
of lexical ambiguity, but not for others Support for this position can be derived
from those studies in which contextually-dnven meaning selection was demonstrated at the earliest point of measurement thezerolSI, or word-offset position
(cf Tabossi, Colombo, and Job, 1987 see also Simpson, 1984) Anexplanation
for the discrepancy between these studies and the studies demonstrating late
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selection (Swinney et al, 1978, Oden and Spira, 1983, Seidenberg et al, 1982)
would be in terms of differences in the structure, at the level of lexical-semantic
representation, of the words that were used If, for example, the two meanings
of most of the ambiguous nouns used by Tabossi et al (e g , port with 'harbour'
and 'fortified wine' as its meanings) had separate entries at the lexical-semantic
level, and most of the words used in the other studies (e g , in Seidenberg et
al sfrawwith the meanings 'dry stalks of gram' and device for sucking drink')
only had one entry, then the results are not only perfectly compatible with each
other, but also with the relatively early meaning-selection demonstrated in this
dissertation In addition, given that semantic ambiguity is such a pervasive
phenomenon even my sample words kapitein and kapitaal are highly ambiguous1 - it is possible that for mild' cases of semantic ambiguity, the individual
meanings are not stored, but instantiated (see Johnson-Laird, 1987)
Finally, throughout this dissertation I have carefully avoided to define the
concept of 'word-recognition' As stated in Chapter 1, the definitions in the
literature vary considerably Where Bradley and Forster (1987) speak of
" recognition of word X will occur when the listener forms the belief that he
heard the word X '(page 110, my italics), Pisom and Luce (1987) equate word
recognition with 'form recognition' Whereas Tyler and Frauenfelder (1987)
reserve the term word recognition for ' the end-product of the selection
phase, when a listener has determined which lexical element was actually
heard " (page 6, my italics), the most elusive definition is the one given by
Marslen-Wilson (1987), who speaks of recognition in terms of 'the point at
which the output of the system becomes perceptually available' (page 98)
Pisom and Luce's 'form recognition' comes closest to an identification, or selection, at the level of lexical form, and if we take Tyler and Frauenfelder's
meaning of the verb 'hear' literally, their definition would amount to the same
There is, however, a world of difference between what the listener 'actually
hears' and what he 'believes he hears'
If we take word recognition to be form-based selection, that is the
decision that a certain word is actually heard, then I believe we often do not
recognise words at all Such a decision would have to be firmly rooted in the
actual processing and perception of the word at the level of lexical form This
definition, however, does not apply when the listener selects the meaning of a
word, without selecting a form-representation In such cases, then, there would
be no such thing as word recognition If we adopt Bradley and Forster's definition, meaning-based selection could of course induce the belief that the word
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was heard This 'fixation of perceptual belief definition of word recognition runs
the risk of being too broad If we push this view to its limits, a listener could ¡n
principle recognise a spoken word in the absence of a speaker
In normal language understanding, listeners do not have to recognise
words by identifying their form, neither do they have to form a belief that a
particular word has been heard Listeners want to understand what they hear,
they want to uncover the meaning of what is being communicated It is my
opinion that the concept of word recognition is of very limited use for the study
of language understanding And - to end with a final statement concerning
confounding strategies in laboratory experiments the ultimate and default
task-induced effect is not exhibited by the subjects, but by the researcher who
believes' that the subjects 'recognise' words the very moment they press a
button
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Notes
1
1 Whether only one, or more lexical elements are activated upon lexical access, and at
exactly which point during word processing the semantic and syntactic attributes of a given wordform become available, are empirical questions These issues will be addressed in Chapter 3

2
1 The experimenter also has to consider that these response times include the time it takes
to execute the response
2 Throughout this dissertation, the female gender will be used whenever the subject or the
listener is referred to by means of a personal or possessive pronoun
3 Ottevanger (1986) reported a similar result for Dutch Looking at various mispronuncia
tion positions >n the same words presented in constraining contexts and carrer phrases context
reduced the detection latencies witn some 90 msec Also, reaction times were faster for mispro
nunciations occurring later in the word However, as with her shadowing experiments, Ottevanger
used different groups of subjects for words in and out of context
4 More recent research with the crossmodal priming paradigm indicates that this might
happen, but only under very restricted conditions (see Marslen-Wilson and Zwitserlood in press)
5 Response time is often used as a diagnostic tool to distinguish between on-line pro
cessing and task-specific strategies More time is needed for strategic operations to have an
effect (Friedend, 19Θ7) It is then interesting to note that detection times for word-initial mispro
nunciations were quite slow between 800-1100 msec Mispronunciations later in the word typicafly produced response times ranging from 500 - 750 msec
6 Given this explanation, it is surprising that the magnitude of the effect of syntactic
constraints also increased considerably with the semantic category task In the syntactic prose
sentences, there is no semantic information to aid the attribute-matching process The information
in these contexts is of a structural nature indicating for example the form class of a word For
category monitoring, however, this information is superfluous, since the category label already
contains form class information 'all animals are nouns'
7 The potential confounding of syntactic and semantic constraints was addressed in a
subsequent experiment reported in Brown (1984) With an identical momtonng task, normal
sentence contexts were compared with contexts providing different gradations of semantic
(tmplausibility, selection restriction violations) and syntactic (subcategonsatron violations) anom
aly Negative effects of semantic and syntactic variables were obtained, with syntactic violations
being more deleterious than the strongest semantic anomalies
8 In a study designed to investigate the contributions of open vs closed class elements
to different levels of sentence processing, Friedend (1985) compared predictive and neutral
contexts in an identical monitoring task An effect of context was obtained for the open class words
only, and the effect was facihtatory in nature Monitoring times were some 30 msec faster in the
predictive than in the neutral contexts
9 The latencies m the other two tasks, rhyme and category monitoring, do not show the
same 'earlmess effect' In the normal prose sentences, mean latencies are longer than mean word
length When corrected for response execution time, the mean response t«mes are only some 30
msec shorter than full word duration
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10 Marsten-Wilson and Tyler present a second argument why the context effects are tied
to the processing of the spoken word rather than to task-induced strategies They refer to the close
correspondence between the 200 msec recognition time calculated for the words in normal prose
and tfie mean shadowing latencies discussed earlier
11 One example of auditory lexical decision in sentence contexts is a study by Blank
(1980), who asked subjects to make lexical decisions on words beginning with a particular wordmitial phoneme Unlike phoneme monitoring, phoneme-tnggered lexical decision at least guar
antees that the word has been accessed η the menta' lexicon
12 It is puzzling, however, that a similar effect was not obtained by Swinney (1979) In his
experiment the target word (e g , ANT) was not exclusively related to the ambiguous word 'bug ,
but also to the various other insects that had preceded its presentation In the ambiguity studies,
as is true for most studies on context effects, the presence or absence of associated words in the
preceding context is not explicitly controlled and usually confounded with the strength of con
textual constraints
13 Another variable that turned out to be crucial to the study of lexical ambiguity is the
relative frequencv of the meanings of the ambiguous word usually referred to as 'dominance' In
a number of studies, dom.nance has been shown to interact with context (Simpson, 1981, Tabossi,
Colombo and Job, 1987)
14 The tight relationship between overall reaction time and underlying level of represen
tation is demonstrated in a study by Ro'es d'Arcais, Schreuder and Glazenborg (1985) They
used two variants of the lexical decision task, one without a time limit, and one where the subjects
were given a deadline for giving their response Reaction times were faster with the latter version
of the task, and a significant interaction was obtained between the type of task and the variable
'conceptual relatedness' With the shorter reaction times in the deadline variant of the task the
effect of conceptual relatedness between a prime word and a target was much smaller than with
the same task without time limits
15 In Connma's experiment, the subjects had to indicate with which sound
(e g , /d/ or /t/) the word began So, as far as the identification data are concerned, their response
was not at the word level Subjects had a second task, however After each trial, they had to
.ndicate whether the their identification formed a word that was sensible or anomalous with
respect to the sentence frame Throughout the experiment, subjects were actively involved in
making these 'plausibility' judgements on words and sentences
16 On the basis of a shadowing study with unattended and attended material, Underwood
(1977) concludes that effects of context obtained when the subject is attending the message the default situation in the Marslen-Wilson experiments are strategic, response bias effects,
whereas effects of unattended material are attributed to normal processes of the spreading of
activat'on A direct comparison with the results obtained witn close shadowers is somewhat
problematic, since the mean shadowing latencies where 650-750 msec in Underwood's study

3
1 For the crossmodal priming experiments reported by Marslen-Wilson (1987), word
association norms were collected by Colin Brown and myself Some of these word pairs and their
associates are also used here In all association studies, the association frequency is the percent
age of subjects who produce the associate as their response
2 For the cloze test, two versions were constructed, each version containing 12 material
sets in the Biasing Context and 12 in the Neutral Context Twelve subjects participated in each
version For the naturalness-judgement task, four versions were used tneach version, 6 instances
of each of the follow ng combinations were presented Biasing Context + Actual Word, Biasing
Context + Competitor, Neutral Context + Actual Word, Neutral Context + Competitor Forty sub
jects were tested, ten in each version
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3 This was done in a'backwards fashion Association norms were available or collected
for the Actual Words and the Competitors, as well as for the 48 visual probes It was checked that
none of the content words in the sentences preceding the Actual Word was associatively related
to the two word candidates or their probes
4 Of course the 100-200 msec reported by Salasoo and Pisom (1965), Marslen-Wilson
(1984) and Tyler (1984) is aglobal estimate A number of variables, such as the length of the word,
the density of its lexical environment, and the informativeness of the information contained in a
word's onset might influence the time it takes to gam initial access to the lexicon
5 Since different subjects contributed to subsets of the experimental conditions, it was
impossible to run an analysis of variance by subjects on the complete data set As a consequence,
no mm F' statistics could be calculated, all reported results are based on item analyses
6 All pairwise comparisons reported use Duncan's procedure (Kirk, 1968) In all cases
where baseline conditions were involved - as with the effects of context and the activation of the
two word candidates - planned non-orthogonal comparisons with the alpha level adjusted for the
number of comparisons, produced exactly the same results Reporting post-hoc comparisons
has the advantage that contrasts between means that were not planned could also be earned out
Since planned comparisons do not require a significant F value and for reasons discussed m
Wilcox (1987), post-hoc tests were also performed when the F value for an interaction did not reach
significance
7 Within each context condition, the means at Position 1 are almost identical to those at
Position 2 The same holds for Positions 3 and 4 If we collapse the data points for Positions 1 and
2 and for Positions 3 and 4, thus reducing the number of levels of the variable Position' to two
(Early and Late), the interaction between Context Type and Position is significant (F_,(2,40)=4 27,
P<02)
8 The small 11 msec advantage for Actual Word probes over Competitor probes in the
Carrier Phrase condition probably reflects differences between the visual target words and not
differential activation of the spoken primes In the Long Fragment Control condition, there is a
similar (8 msec) difference between the visual target words related to Actual Words and Competi
tors
9 Context effects found with lexical decision are often interpreted in terms of bias' the fact
that a word fits the context makes the decision to say that it is a word easier In the crossmodal
priming paradigm, lexical decisions are not made to the words whose activation and contextual
appropriateness is assessed, but to associated probes In this study, these probes are in no way
related to the sentence context, but only to the sentence-final spoken word The fact that lexical
decision is susceptible to post-perceptual bias effects only applies for the visual probes A bias
explanation of effects of context based on the peculiarities of the lexical decision task, does not
apply in the same way as it would if the decisions were made to the spoken sentence-final word
directly
10 As stated before, the data for the non-biasmg contexts clearly demonstrate that the
crossmodal paradigm taps into lexical levels of activation during lexical access and selection The
only way m which the new Cohort model and the post-access checking model can explain the
present results, is by assuming that although the paradigm reflects lexical levels of activation in
most of the experimental conditions, something else is happening following lexical access in the
semantically biasing contexts (ι e ,atthe third word fragment in the Biasing Context) The assump
tion has to be made that m these conditions, and only these conditions, the paradigm is tapping
into the output of post-lexical decision stages If this assumption is made, the new Cohort model
and the post-access checking model can account for the obtained results if it is claimed both that
(a) at Position 3, with exactly the same ambiguous word-fragment, the crossmodal paradigm can
tap into both lexical and post-lexical processes, and (b) which process is tapped into is a sole
function of the sentential context in which the word-fragment is embedded However, with this line
of argument, it becomes impossible to distinguish between an interactive and a bias explanation
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of the effects of sentential semantic contexts, as well as between the new Cohort and the checking
model The question then remains whether with respect to the loci and nature of context effects
the models are not only indistinguishable, but also antestable

4
1 Salasoo and Risoni (1985) use the label 'laentification Point' 'or what is referred to here
as Isolation Point
2 Although it is not discussed as such, Tyler and Wessels data also show an effect of
anomaly Half of their sentence contexts consisted of semantically anomalous sentences, with
syntactic structure preserved On closer inspection their data show the same negative effect of
anomaly as found in the Salasoo and Pisom study Compared to the same words in carrier phrases,
more sensory information is needed for word isolation and recognition in the anomalous sentences In some of their analyses, this effect of anomaly leads to an increase in the magnitude of
the effects of semantic and syntactic constraints
3 Tyler and Wessels do not discuss the close correspondence between Isolation Point
data and results from fast, on-line tasks such as shadowing or word-monitoring The question,
however, remains whether their guessing explanation of the early effects in a gating task also holds
for these fast on-line tasks
4 Tyler and Wessels (198S) also compared individual and successive presentation
However, the gating responses in their individuai presentation study were timed, and this renders
a comparison less direct The Tyler and Wessels (1985) study will be discussed in Chapter 5,
where the suitabtty of the gating paradigm as a tool to investigate on-l-ne word processing is at
issue
5 Whereas the length of the spoken words ranged from 290 to 645 msec, the maximal
number of gates was 12 For some words, in particuäar those ending in /n/, the last gate was longer
than 50 msec
6 The Recognition Points calculated to establish the fourth probe position of the crossmodal experiments differed from the Recognition Points of the Gatmg-context study To be
absolutely sure that the presented words were identified with maximal certainty at Probe Position
4, the confidence criterion was set to 9 or 10 m the crossmodal study To ensure comparability with
other gating studies, in the Gating context study the traditional definition of Recognition Points
that is, the fragment at which the word is produced with a confidence of 8 or more was used
7 All comparisons between means reported in this Chapter have been performed with the
Newman-Keuls procedure (Winer, 1971) Where Mm F' statistics are reported, the error term used
is derived from the relevant error term of the Item-anova and the Mm F' value Unless explicitly
mentioned in the text, all comparisons were made with Alpha set at 01
8 When a subject did not reach the criteria! level of confidence for a word, the missing data
point was replaced by the mean RP of all subjects who did reach the criterion for that word There
were 5 such cases in [he Carrier Phrase condition (1 7%), and one in the Neutral Context
9 This and all subsequent analyses involving confidence ratings and alternative candidates are on rtems only Means over subjects were calculated for each individual item in each
condition, directly from the response sheets These means were subsequently typed into the
computer
10 The gate size used by Grosjean was not 50 msec but 30 msec
11 The following is important with respect to this and all subsequent analyses on the set
of word candidates produced in each context It is not necessarily true that the (fewer) candidates
produced in the two real context conditions form a subset of the larger pool of responses produced
in the earner phrases On the contrary, as was demonstrated by Grosjean (1980), it is frequently
the case that the word candidates produced in the meaningful contexts are not among the set of
words elicited on the basis of ttie sensory input alone
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12 Grasjean used only eight subjects, compared to twelve in this study Thus, although
a higher percentage of different words is produced in his study, the differences between the
context conditions are similar to what was found in this study
13 Context also has a strong effect on the total number of different words proposed over
all gates The mean number of different words is 19 6 in the Carrier Phrase Condition, 11 9 in the
Neutral Context and 7 3 in the Biasing Context (F3(2,46) = 128 56, p< 00001) The differences
between these means are highly significant For this analysis, a particular word response counted
as one word, independent of the number of times it was actually produced by the same or by
different subjects
14 For the confidence analysis of the alternative candidates, responses ana ratings could
be obtained for each of the 24 first gate or third gate fragments Subjects always produced at least
one alternative candidate As a consequence these data could be entered into an Anova on
items For the confidence scores of the Actual Word responses this was not poss>ble As can be
seen in Table 4 5, (he Actual Word was hardly ever produced at the first gate in the Carrier Phrase
In this condition, the mean confidence for the Actual Word given in Figure 4 3 is based on no more
than 5 responses In contrast the mean in the Biasing Context at the third gate is based on 205
out of a maximum of 12 (subjects) X 24 (items) responses
15 A clear case of maopropnateness is the production of the Competitor in the Biasing
Context From the pretests reported in Chapter 3 it is evident that these words are not considered
to be appropnate continuations of these sentences Four out of five inappropriate responses in
this context were indeed Competitor responses
16 It is interesting to recall that the mean Isolation Point for the words in the Biasing Context
condition (136 msec) is located before the critical 150 msec needed for the instantiation of the
initial set of candidates
17 In the Biasing Context the criterion of θ or more is always reached In the Neutral
Context, there is one instance where the maximal confidence was 7
18 The percentage of word-responses after the first gate was 83 in both the Biasing and
the Neutral Context
19 That the properties of the presented stimuli can influence the correct identification of
word-initial information is illustrated in a phoneme-identification study by Amerman and Parnell
(1981) They compared the presentation in isolation and >n earner phrases of 20 msec fragments
of unvoiced stop consonants They obtained a significant effect of presentation format on first
phoneme identification, with better oerformance in the carrier condition but in general the per
centage of correct phoneme identification was very high (about 90%) in their study In my mate
rials, less than 30% of the words start with unvoiced plosives Correct identification is very high
for this subset (more than 80% when presented in isolation) The sounds that show the highest
percentage of incorrect identification at the first gate are the fricatives, and /h/

5
1 Tyler and Wessels consistently speak of 'naming' or 'naming the fragment' to describe
what the subjects do in the timed version of the gating task The use of these terms is misleading
'Naming' is generally reserved for the experimental situation where subjects are presented with
a visually presented full word which they have to read out loud In the Tyier and Wesseis study,
subjects have to speak out loud a possible completion of a spoken-word fragment
2 The probe positions from the crossmodal study, based on means over subjects, did not
always coincide with a particular gate To get the relevant information from the gating data for these
particular points, the following procedure was used If a gate was located maximally 15 msec
away from the mean probe position for a particular word, the data for that gate were used Position
2 for the word 'kapitein', for example, falls at 255 msec, so the fifth gate (250 msec) was used As
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mentioned previously, the amount of sensory information was incremented by 50 msec at each
successive gate If a probe position fell between two gates (e g , 125 or 130 msec), the results
were extrapolated, by averaging the data for gate 2 (100 msec) and gate 3 (150 msec)
3 All comparisons between means reported in this Chapter were performed with the
Newman-Keuls procedure (Winer, 1971)
4 As illustrated in Figure 4 2 of Chapter 4, context effects on Actual Word responses are
found as early as the first (50 msec) gate The percentage of Actual Word responses is 35 in the
Biasing Context, compared to 10% and 1% in the Neutral and Carrier conditions
5 For the crossmodal experiments, a position in the word was needed where the actually
presented word was the only candidate still compatible with the sensory input The mean Recog
mtion Point (with confidence criterion 8) from the gating study still showed some ambiguity, with
a few subjects still producing alternative woras Therefore a point m the word was chosen where
the Actual Word was the sole candidate produced This coincided with the point at which subjects
reached a confidence of 9 or 10
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Appendix 1 : Stimulus materials
In bedrukte stemming stonden de mannen rond het graf Ze treurden om het
verlies van hun
Actual Word
Competitor

kapitein
kapitaal

SCHIP
GELD

Vader was druk in de weer met zijn gereedschapskist HIJ repareerde de
kapotte
Actual Word
Competitor

kraan
kraag

WATER
BOORD

Moe en stoffig zochten de pelgrims een onderkomen Gelukkig kwamen ze
spoedig bij een
Actual Word
Competitor

herberg
hertog

BIER
GRAAF

Die eeuwige slordigheid van Maria heeft af en toe gevaarlijke consequenties
Nu ligt de hele vloer vol met
Actual Word
Competitor

spelden
spek

NAAIEN
VARKEN

Meneer Willems was zeer onder de indruk van het geheel gerenoveerde grachtenpand HIJ bewonderde vooral de prachtige
Actual Word
Competitor

kozijnen
kozakken

RAAM
RUS

Na een denderende ruzie met haar vriend bleef Jose alleen achter Ontmoedigd keek ze naar de
Actual Word

scherven

GLAS

Competitor

schelpen

STRAND

Deze loodgieter is erg vakbekwaam, goedkoop en snel HIJ krijgt daardoor veel
Actual Word
Competitor

klanten
klappen
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KONING
PIJN

De boer had lange tijd over de prijs onderhandeld Uiteindelijk kocht hij de
Actual Word
Competitor

schapen
schaar

WOL
MES

De kinderen van de derde klas waren op schoolreis in Antwerpen Ze liepen
langs de
Actual Word
Competitor

haven
haver

BOOT
GORT

De zakenman ging met de ondergrondse naar zijn werk Onder zijn arm hield
hij de

Actual Word
Competitor

krant
krans

LEZEN
DOOD

Oma bewaart alles waarvan ze denkt dat het later nog ooit van pas kan komen
Ze heeft bevoorbeeld een doos vol
Actual Word
Competitor

knopen
knoken

JAS
BOT

Willem struikelde over een steen en viel languit op het pad Zijn haren zaten vol
met
Actual Word
Competitor

bloed
bloesem

ROOD
LENTE

De stervende vrouw geloofde rotsvast in het bestaan van een hiernamaals
Haar hart was vol
Actual Word

vrede

OORLOG

Competitor

vrees

ANGST

De kogel had de misdadiger blijkbaar toch getroffen Snel keek hij naar zijn
Actual Word
Competitor

been
beesí

BOT
DIER
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Dit bedrijfje gebruikt uitsluitend natuurlijke grondstoffen voor haar produkten
Ze maken er verschillende soorten
Actual Word
Competitor

kaas
kabel

MELK
TOUW

Mariene is zeer tevreden met haar nieuwe baan Ze heeft ook een prima
Actual Word
Competitor

salaris
salami

GELD
WORST

Toen moeder de kleintjes onder de wol gestopt had, vertelde ze hen een verhaaltje Het ging over een
Actual Word
Competitor

draak
draad

VUUR
NAALD

Op de hacienda's in Brazilië komt nog steeds veel kinderarbeid voor De kinderen moeten vaak werken in de

Actual Word
Competitor

stallen
stad

PAARD
DORP

De bewoners van het eiland zaten vol angstige spanning rond de radio Ze
luisterden naar de aankondiging van een
Actual Word
Competitor

orkaan
orkest

WIND
MUZIEK

Voor het eerst van haar leven bezocht Cristiane Athene Ze fotografeerde een
paar oude
Actual Word

pilaren

KERK

Competitor

piloten

VLIEGTUIG

Pamela stond al in de gang toen de taxi voorreed Ze pakte snel haar
Actual Word
Competitor

koffer
koffie

REIS
THEE
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De gevangene kreeg een stuk brood voorgezet Hij durfde niette klagen over
zijn
Actual Word:
Competitor:

dorst
dorp

DRINKEN
STAD

De bezoekers probeerden zo snel mogelijk het terrein te verlaten. Overal om
zich heen zagen ze de
Actual Word:

vlammen

VUUR

Competitor:

vlaggen

WIMPEL

Fransje was weer eens in de modder gevallen. Zuchtend waste moeder zijn
Actual Word:
Competitor:

broek
broer

RIEM
ZUS

Ν В This Appendix contains the materials for the Biasing Context, including the word candidates
and their associates In the Neutral Context, the first sentence of the Biasing Context was not
presented In the Carrier Phrase condition, the Actual Word was preceded by 'Het volgende
woord heet'
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Appendix 2: 'Kapitein' in 50 msec gates
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Appendix 3: Example of response sheet, gating experiment
Ze treurden om het verlies van hun...
mate van zekerheid
uw response

1.

KWARK

volledig
onzeker

Θ*
1

ν
'

volledig
zeker

3

5

6

в

9

10

Θ

3

5

6

8

9

10

5

6

8

9

10

5

6

8

9

10

5

6

8

9

10

(€>

9

10

8

9

10

8

9

¡®

2.

KAST

3.

KATAFALK

>©

3

4.

KAPUCHON

1

2

3

5.

KAPITAAL

1

2

3

6.

KAPITAAL

1

2

3

5

6

7.

KAPITEIN

1

2

3

5

б

8.

KAPITEIN

1

2

3

5

6

KAPITEIN

1

2

3

5

6

8

9

1

2

3

5

б

8

9

u¿?

n

1
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3

5

б

8

9

Ga)

Ν
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9

OU

13.

1

2

3

5

6

8

9

10

14.
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8

9

10

15.
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10.
11.
12.

fl
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Samenvatting
In psycholinguistische studies is aangetoond dat luisteraars woorden sneller
herkennen wanneer ze worden gehoord in een passende zinscontext, dan
wanneer de woorden zonder context worden aangeboden (Foss en Blank,
1980, Marslen-Wilson en Tyler, 1980) Dit fenomeen wordt het 'contexteffect'
genoemd
Men kan een tweetal soorten contexten onderscheiden woordcontexten
en zinscontexten Een doelwoord wordt sneller herkend indien het wordt
voorafgegaan door een semantisch verwant woord (bv kat-hond, doelwoord
cursief), we spreken dan van een 'mtra-lexicaal' contexteffect Deze contexteffecten kunnen namelijk worden verklaard door verbindingen tussen woorden
te veronderstellen binnen een enkel niveau van representatie het lexicale
niveau Dit is anders met zinscontexten die geen met het doelwoord verwante
woorden bevatten (bv 'ledere avond om elf uur gaat vader trouw een ommetje
maken met de hond) In deze zin komen geen semantische verwante woorden
voor die de herkenning van het doelwoord /ronc/kunnen bespoedigen De versnelde herkenning berust in dit geval op de betekenis van de zin als geheel,
en met op informatie die afkomstig is van het lexicale niveau van representatie
In deze dissertatie wordt onderzoek gerapporteerd naar de aard van de
effecten van zinscontexten Met name staat de vraag centraal op welk moment
tijdens de verwerking van een gesproken woord het zmscontexteffect optreedt
Hierbij is van belang dat het spraaksignaal een tijdsverloop kent het begin van
een gesproken woord is eerder ter beschikking voor verwerking dan het eind
Om de vraag naar het verwerkingsmoment waarop zmscontexteffecten optreden nader te kunnen preciseren, heb ik in Hoofdstuk 1 een aantal verschillende
stadia of fasen van woordverwerking onderscheiden lexicale toegang, selectieen integratie Tijdens lexicale toegang wordt de informatie uit het spraaksignaal in verband gebracht met representaties in het mentale lexicon In deze
fase worden meerdere lexicale elementen 'geactiveerd' of 'gecheckt', al naar
gelang het woordherkenningsmodel dat men kiest Tijdens het selectieproces
wordt een van deze representaties uitgekozen Integratie is het opnemen van
de grammaticale en betekenis-aspecten van lexicale elementen in een zich
ontvouwende hogere-orde representatie van de gehele uiting
Modellen van woordverwerking verschillen nogal met betrekking tot de
rol die wordt toegekend aan informatie afkomstig uit de zmscontext In mterac-
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tieve modellen (Morton, 1969, McClelland en Elman, 1986) kan deze informatie
op elk moment tijdens woordverwerking van invloed zijn tijdens lexicale toegang bijvoorbeeld, of zelfs nog eerder, voordat er stimulusinformatie omtrent
het gesproken woord ter beschikking is In autonome of 'modulaire modellen
(Forster, 1979, Seidenberg, 1985) is dit met mogelijk In een autonoom model
geschiedt de selectie van een woord uitsluitend op basis van informatie uit het
spraaksignaal, contextuele informatie kan pas een rol spelen nadat een lexicaal element geselecteerd is In 'gemengde' modellen (Marslen-Wtlson, 1984,
Marslen-Wilson en Tyler, 1980), tenslotte, speelt contextuele informatie geen rol
tijdens lexicale toegang, maar wel tijdens het selectieproces
De voorspellingen die de verschillende modellen maken zijn eerst kritisch getoetst aan de beschikbare empirische evidentie over contexteffecten
(Hoofdstuk 2) De empirische literatuur over zinscontexteffecten is even uitgebreid als divers Een van de conclusies van Hoofdstuk 2 is dat de uitkomsten
veelal ook andere interpretaties toelaten dan die van de auteurs Een aantal
studies levert echter dezelfde bevinding op, namelijk dat informatie uit de
zinscontext niet van invloed is op het waarnemen van het spraaksignaal
(bv Samuel, 1981, Connine, 1987) Het blijkt niet zo te zijn dat luisteraars onder
invloed van de zinscontext klanken, of woorden 'horen' die met worden aangeboden
BIJ de bespreking van de empirische literatuur in Hoofdstuk 2 komen ook
de verschillende onderzoekstechnieken aan de orde De taken zijn getoetst op
hun geschiktheid voor het opsporen van het moment waarop zinscontexten
aangrijpen op de woordverwerking Uit deze vergelijking komt het 'crossmodale priming' paradigma als meest geschikte taak naar voren Dit paradigma maakt gebruik van het eerder genoemde intra-lexicale effect het effect
van de betekenisverwantschap tussen twee woorden {hond-KAJ) Reactietijden op KAT zijn sneller wanneer KAT volgt op hond, dan wanneer KAT volgt
op een ongerelateerd woord (bv bord) In de crossmodale priming taak wordt
auditief aangeboden zinsmatenaal gecombineerd met visueel aangeboden
deelwoorden Deze doelwoorden zijn semantisch verwant aan een kritisch
woord in de gesproken zin (bv 'ledere avond om elf uur gaat vader trouw een
ommetje maken met de hond, kritisch woord cursief, visueel aangeboden
doelwoord KAT) Door reactietijden te meten op het doelwoord KAT, en deze
te vergelijken met een ongerelateerde conditie (bv 'Henk schepte veel te veel
rijst op Carme's bord, visueel doelwoord KAT), kan de mate van 'activatie'
worden vastgesteld van het woord hond Door hond m verschillende zinscon-
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texten aan te bieden kan het effect van die contexten op het activatieniveau van
het lexicale element 'hond' worden bepaald
Deze taak is gebruikt in een reeks experimenten beschreven m Hoofdstuk 3 Paren van kritische woorden, hierna 'woord-kandidaten' genoemd
(bv kapitein en kapitaal), en voor iedere woord-kandidaat een semantisch
verwant deelwoord (bv SCHIP en GELD) worden gecombineerd met een
drietal zinscontexten De zinscontexten variëren in de mate waarin de twee
woord-kandidaten m de zin passen In de 'draagzm' conditie ( Carner Phrase'),
en in de neutrale conditie ('Neutra) Context'), passen beide woorden In de
derde context ( Biasing Context') past slechts een van de twee kandidaten ,
bijvoorbeeld kapitein Appendix 1 bevat het gebruikte materiaal Om vast te
stellen op welk moment tijdens woordverwerking effecten van de zinscontexten optreden zijn in iedere context vier gesproken woordfragmenten van verschillende lengte aangeboden (bv kap', kapi','kapit', en'kapitei') De eerste
twee fragmenten zijn gebruikt om de fase van lexicale toegang te meten beide
kritische woorden (en vaak vele andere 'kapelaan','kapok','kapituleren', enz )
zijn immers mogelijke aanvullingen van deze woordfragmenten BIJ het derde
fragment ('kapit) zijn nog slechts weinig woord-kandidaten mogelijk Het
derde fragment moet de fase van selectie meten en het vierde fragment de
fase van integratie BIJ het vierde fragment past immers alleen nog het woord
'kapitein' Aan het eind van de zinnen die een van deze fragmenten bevatten
krijgt de proefpersoon een van beide deelwoorden (bv SCHIP of GELD)
visueel aangeboden op een beeldscherm Het is de taak van de proefpersonen
om naar de zinnen te luisteren, en zodra een aantal letters op het scherm
verschijnt te beslissen of deze letters een nederlands woord vormen Als ze een
woord zien, drukken de proefpersonen op de 'ja' knop, zien ze een letterreeks
als WUNK of GEMOPS, dan drukken ze op de 'nee' knop Deze taak heet
lexicale beslissing
De resultaten van deze experimenten laten zien dat bij de eerste twee
woordfragmenten beide woord-kandidaten geactiveerd zijn, ongeacht de
context waarm de woordfragmenten gehoord worden Uit dit gegeven is
geconcludeerd dat het proces van lexicale toegang context-onafhankelijk
verloopt zowel passende als met-passende woorden worden in het lexicon
geactiveerd BIJ het derde fragment blijkt context wel degelijk een invloed uit
te oefenen de mate van actrvatie van passende woorden neemt toe, die van
met-passende woorden verdwijnt Dit is alleen het geval in de 'Biasing Context',
in de neutrale zinscontexten waarin beide kandidaten passen wordt geen
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verschil tussen de woord-kandidaten gevonden Wanneer het woordfragment
duidelijke informatie bevat omtrent de identiteit van het gesproken woord
('kapitef), is in alle contexten de activatie van kapitaal, gemeten via GELD,
verdwenen Aangezien het contexteffect optreedt bij fragment 3 is de conclusie uit deze experimenten dat informatie uit de ztnscontext aangrijpt op het
selectieproces
Hoofdstuk 4 behandelt een geheel ander onderzoeksparadigma de
'gating' taak De zinscontexten van de crossmodale lexicale beslissmgsexpenmenten, inclusief de passende woord-kandidaten, zijn gebruikt in een
gating experiment In dit experiment horen proefpersonen aangroeiende
woorddelen 'k','ka','kap','kapi',enz Het eerste deel, of'gate', is 50 msec lang,
het tweede 100, het derde 150, enzovoort, tot het hele woord is gehoord Een
proefpersoon hoort deze reeks woorddelen aan het emd van een van de drie
zinscontexten Na ieder 'gate' schrijft de proefpersoon op welk woord zij denkt
te horen, en geeft aan op een schaal van 1 tot 10 hoe zeker ze is van de juistheid
van haar antwoord De proefpersonen staan met onder tijdsdruk, ze hebben tot
maximaal zes seconden de tijd om hun antwoord te geven Hierin wijkt de taak
af van de crossmodale taak, waar de lexicale beslissing niet veel meer dan een
halve seconde vergt Contexteffecten worden in de gating taak vastgesteld
door uit te rekenen hoeveel 'gates' van een woord de proefpersonen gemiddeld in de verschillende contexten nodig hebben om het correcte woord te
produceren De resultaten laten zien dat, in vergelijking met de 'Carrier
Phrases', zowel de 'Neutral Context' als de 'Biasing Context' een aanzienlijke
reductie teweeg brengen in de hoeveelheid 'gates' die nodig is om het juiste
woord te produceren Inde 'Biasing Context' hoeft men gemiddeld slechts 140
msec van de woorden te horen om tot identificatie te komen, in de 'Carrier
Prases' heeft men gemiddeld 280 msec nodig
In Hoofdstuk 5 worden deze gating data vergeleken met de resultaten
van het crossmodale priming onderzoek Een aantal verschillen valt op te
merken In de eerste plaats levert de 'Neutral Context' in het experiment met de
crossmodale priming taak op geen enkel moment een positieve bijdrage aan
de activatie van de woord-kandidaten De gating resultaten laten daarentegen
een duidelijk positief effect van deze zinscontext zien Een tweede verschil is
het tijdsmoment waarop de 'Biasing Context' in beide experimenten een effect
heeft In het gating experiment hebben de proefpersonen gemiddeld slechts
140 msec nodig hebben om de woorden te identificeren Op datzelfde punt in
het woord (fragment 1) is er in de crossmodale studie geen enkel effect van
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zinscontext te registreren Op basis van deze verschillen wordt de conclusie
getrokken dat de gating taak ongeschikt is voor het opsporen van contexteffecten
Hoofdstuk 6 vat de resultaten van de in deze dissertatie gerapporteerde
studies nog eens samen, en bespreekt deze in het licht van de modellen van
woordherkenning uit Hoofdstuk 1 Ook worden enkele conclusies getrokken
met betrekking tot het representatieniveau waarbinnen de gevonden effecten
optreden
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STELLINGEN
behorende bij het proefschrift
Words and sentences: The effects of sentential-semantic
context on spoken-word processing

1. The presence of sentential-semantic information enhances the likelihood that the semantic and syntactic attributes of a contextually
appropriate word will be selected at a point In time where the sensory
Information is Insufficiently informative to disambiguate between
competing word candidates.
(this dissertation)
2. The gating task is not suitable for the assessment of the contribution
of contextual variables to on-line word processing.
(this dissertation)
3. The data from the research reported in this dissertation do not
support Forster's conclusion that "... the semantic context provided
by a sentence fragment does not provide anything like the same
facilitation as a semantically related word."
(Forster, K.I. (1976). Accessing the mental lexicon.
E. Walker

(Eds.).

In R.J. Wales &

New approaches to language mechanisms. Amsterdam:

North Holland, p.280.)
4. Results from certain task situations may reflect more of how subjects
can perform given certain requirements, than of what subjects normally
do during language comprehension.
(see Swinney, D. (1981). Lexical processing
during
sentence
comprehension:
Effects of higher-order constraints and implications
for representation. In T. Myers, J. Laver, & J. Anderson (Eds.).
The cognitive

representation

of speech· Amsterdam:

North Holland.)

5. Models of language processing should be modified on the basis of
empirical evidence. Changing a model merely to accomodate the
(architectural) fashion of the moment frequently results in reduced
transparency surfacing as increased verbosity.
6. Word-priming studies might tell us something about how the mental
lexicon Is organised; they do not provide interesting information on
how we process words in the normal context of an utterance.

7. There seems to be an analogy between political beliefs and the belief
of psycholinguists In the interactivity or modularity of the language
processing system. In their younger years, many scientists believe In
Interaction; once in their forties, however, they prefer a modular
architecture.
8. In spite of Imperialism, Thatcherlsm, and the upper classes, there
remain
good reasons why British English should survives "The
graceful, adroit sound of Peterson's 'lehzure' and 'shedule' were
certainly far better than the mechanical quack-quack of american
administrators, who would call any Information an 'Input', were always
addressing a 'problem', submitted proposals as a 'package', but didn't
always 'buy It', and who engaged in 'dialogue' with audiences; If you
objected to such deliberately clanky talk, they answered that this was
'only semantics'."
(G. Benford.

Timesctpe.)

8. Hoewel de Benrather linie anders zou doen vermoeden,
Kerkrade en Groesbeek met elkaar kunnen communiceren.

blijkt dat

9. Ik heb hier niets te melden over vrouwen in relatie tot wetenschap en
samenleving.

Píenle Zwltserlood

Nijmegen, 26 April 1989

