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Meaning resolution processes for words:
A parallel independent model

LESLIE C. TWILLEY and PETER DIXON
University ofAlberta, Edmonton, Alberta, Canada

Lexical ambiguity research over the last two decades is reviewed, with a focus on how that litera
ture applies to understanding the resolution of meaning for words. Early models of ambiguity pro
cessing dealt almost exclusively with the time course of the effects of context on lexical access, in
order to address the issue of modularity of lexical access. Newer models of ambiguity processing ac
commodate recent findings of early context effects that are contingent on both strength of context and
meaning frequency. The most important contribution of these newer models of ambiguity processing
is not to the modularity debate, but to investigation of the range of parameters affecting the entire
meaning resolution process, including meaning access as well as the integration of meanings into con
text. As an example of this approach, we describe a simple quantitative model of meaning resolution
that subsumes many other models as parametric variations.

One of the most significant challenges to perception
and comprehension is indeterminacy. We are continually
required to disambiguate stimuli with uncertain identities,
using whatever environmental and experiential context is
available. Stimulus context has obvious and profound ef
fects on information processing, from object recognition
to language understanding to social interaction, and the
influence ofcontext on processing is a classic topic ofpsy
chological research. Ofcritical concern are questions about
the mechanisms and time course of contextual influence
and the insight these questions and their answers provide
into representation and process.

In the case of language, ambiguity occurs at all levels
oflinguistic communication, from perception ofindivid
ualletters or sounds to discourse processing. The present
article is concerned with contextual influence on lexical,
or word-level, processing. There is abundant evidence that
context affects lexical processing in general. For example,
Stanovich and West (1983) found that lexical decision and
naming times for sentence-ending words that were con
gruent with preceding words (e.g., The puppy chewed on
the bone) were faster than lexical decision and naming
times for words ending neutral sentences (e.g., They said it
was the bone). Similarly, Meyer and Schvaneveldt (1971)
showed that lexical decisions to words (e.g., nurse) were
faster when preceded by a related word (e.g., doctor) than
when preceded by an unrelated word (e.g., bread). The
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contextual influence in both of these cases was facilitatory,
with congruent sentences or related words making iden
tification of the target word easier. Conversely, incongru
ent contexts can have inhibitory effects. Stanovich and
West, for example, showed that lexical decisions to words
ending incongruous sentences (e.g., He smiled and sat
down at the bone) were slower than lexical decisions to
words ending neutral sentences. These (and hundreds
more) studies demonstrate that contexts, in forms such as
associatively related words or biasing sentences, do af
fect the processing of subsequent words. The crucial ques
tions concern the nature of the mechanism that generates
such effects and when and how the mechanism operates.

Lexical ambiguity enjoys a considerable history as an
arena for the study of such questions. Lexical ambiguity
occurs when an utterance has more than one possible
meaning because it contains a homograph (a word with
more than one meaning). A sentence such as The men stood
beside thepitcher is lexically ambiguous, because the word
pitcher is a homograph and both of its meanings result in
plausible interpretations of the sentence. In the case of
structural ambiguity, an utterance has two or more pos
sible interpretations owing to ambiguity in assignment of
grammatical roles. So, for example, the sentence Visiting
relatives can be a nuisance has two interpretations, de
pending on the role given to visiting (relatives that some
one is visiting or relatives that are visiting someone). Al
though the issues and mechanisms we discuss here are
relevant to both types ofword-level ambiguity, we are con
cerned primarily with lexical ambiguity.

Homographs are well suited to the study of the role of
context in lexical processing, because the different inter
pretations of a homograph are perfectly controlled with
respect to variables such as word frequency, length, and
number of syllables: Orthographic (and almost always
phonological) representations are identical for both inter
pretations ofa homograph; only the meaning varies. Any
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variation in the meaning assigned to a homograph must
be ascribed purely to the context in which the homo
graph appears. Although not all words have more than
one distinct meaning, almost all English words do, at least,
have different senses (see Anderson & Nagy, 1991; Brit
ton, 1978), and it is our contention that understanding
the processes involved in homograph meaning resolution
will further our understanding of the resolution of word
meaning and language comprehension in general.

The extensive literature on context effects in lexical
ambiguity can seem convoluted and contradictory; how
ever, we contend that the application of a simple quanti
tative model, the independent activation model, provides
a framework for a great deal of the extant data on ambi
guity resolution and incorporates several common ap
proaches to ambiguity resolution as special cases. It is
our hope that this type of model will prove useful in un
derstanding the more general issue of the influence of
context on comprehension in many domains.

The paper is organized as follows. First, we describe the
lexical modularity debate, a theoretical issue that has dom
inated research on lexical ambiguity. Our analysis is that
theoretical discussion has often confused the time course
of meaning resolution with issues related to cognitive
modularity, resulting in a lack ofconsideration ofan im
portant class ofmodels dealing with context effects. Sec
ond, we review several common views ofambiguity res
olution and some ofthe evidence in their favor. Third, we
present a new approach, the independent activation model,
that would seem to account for a wide range of different
results. Finally, we discuss the implications of this ap
proach for understanding the time course of meaning
resolution, the fate of unselected meanings, the develop
ment ofmeaning resolution processes, and individual dif
ferences in meaning access and integration.

THE LEXICAL MODULARITY DEBATE

Research on lexical ambiguity began to appear with
regularity in the psychological literature in the 1970s and
has continued to be an important topic in psycholinguis
tics (for reviews, see Bubka & Gorfein, 1989; Rayner,
Pacht, & Duffy, 1994; Simpson, 1984, 1994). One of the
central questions has been, What is the time course of the
influence ofcontextual information on low-level percep
tual processing during completion of cognitive tasks?
There is little disagreement that contextual influences on
the final outcome of processing are abundant in many
tasks; when such influences occur is the prevalent em
pirical question. Early and rapid effects of context have
been taken to imply that low-level lexical processing, such
as lexical access, occurs in parallel with higher level cog
nitive operations, such as the integration of accessed in
formation with the surrounding context. The lack ofsuch
effects has been taken as evidence for the modularity of
lexical processing.

In our view, a clear discussion of this issue requires a
distinction between two types of processes: access pro-

cesses and integration processes (Marslen-Wilson, 1989).
For written and spoken communications, access refers to
the process ofmapping incoming perceptual information
onto lexical representations; integration entails combin
ing lexical representations with relevant internal infor
mation. Such distinctions are implicitly or explicitly as
sumed in most models oflexical processing (e.g., Forster,
1981; Seidenberg, 1985; Stanovich, 1991). Access is gen
erally conceived of as those processes that result in lex
ical representations being activated when a word is pre
sented either visually or auditorily. Operationally, access
has often been defined as the point at which a word can
be pronounced or distinguished from a nonword (hence
the use of the naming and lexical decision tasks, respec
tively). However, we think it is important to distinguish
access processes from those mechanisms that operate on
or distinguish among word meanings; we use the term
access to refer solely to those processes that relate the
perceptual input to the appropriate lexical representations.
In contrast, integration processes are those that affect the
activation ofword meanings on the basis ofother relevant
information, such as surrounding words, prior knowl
edge, and so on. When multiple interpretations are pos
sible, as is the case for homographs, integration procedures
may be involved in selecting an appropriate meaning of
the homograph by using contextual information. The value
ofdistinguishing access from integration is that it allows
us to be clear as to how different sources of information
are hypothesized to be used in the course of word recog
nition in a context. In particular, access refers to the use
ofperceptual information from the environment, whereas
integration refers to the use of internal information aris
ing from mental processing of the context. We use the
term meaning resolution to refer to the entire constella
tion of processes that are used to activate and integrate
word meanings.

Modular and nonmodular views of meaning resolu
tion differ primarily in terms of the presumed relation
ship between meaning access and meaning integration.
Modular theorists (e.g., Fodor, 1983; Forster, 1981; Sei
denberg, 1985) argue that many perceptual and cognitive
processes are carried out by separate and distinct struc
tures. Each of these structures, or modules, has limited
interactions with other modules. In particular, each mod
ule is assumed to be cognitively impenetrable, in the sense
that it is uninformed as to the details of computations
within other modules. In word recognition, it is often ar
gued that a mental structure containing information about
words, the lexicon, constitutes a module. Because mod
ules are cognitively impenetrable, access proceeds solely
on the basis ofperceptual input and information internal
to the lexicon, without input from syntactic, semantic, or
pragmatic levels. Thus, modular models of meaning res
olution have at their core the assumption that access pro
cesses are independent of integration processes.

On the other hand, nonmodular theorists (e.g., Becker,
1980; McClelland, 1987; Neely, 1976, 1977; Posner &
Snyder, 1975) contend that context can affect lexical ac-



cess; access and integration interact and are not indepen
dent. In the prototypical nonmodular approach (e.g., Me
Clelland's [1987] interactive activation model), infor
mation flow is multidirectional, with both feedforward
and feedback relations between the access and the inte
gration levels of processing. In nonmodular theories, it is
generally assumed that this kind of interaction occurs
throughout most of the time course oflexical processing
and that, in principle, various levels of contextual con
straint could affect the activation of word meanings at
very early stages of lexical processing.

In this discussion, we are using the terms interactive
and independent to refer specifically to the presence or
absence ofthese immediate feedback loops: In our terms,
an interactive model is one in which information flows
rapidly back and forth between two or more processes,
whereas an independent model is one in which informa
tion flows primarily from one process to another in one
direction. There is a larger sense in which all models of
word recognition are interactive, because contextual in
formation and perceptual information are combined in
order to reach some final meaning resolution. We believe
that our more restrictive usage is more in keeping with
the vocabulary typically adopted in the discussion ofpar
allel distributed processing models. Moreover, it seems ev
ident that all models of word recognition must involve
some kind of feedback, since a principal source of con
textual information derives from the preceding sentence
or discourse, which, in turn, is built up out ofword mean
ings. However, we presume that such interactions are
slow (i.e., it is likely that they occur over the course of
seconds or more) and are mediated by higher level com
prehension processes and representations; the distinction
we are making here concerns the direct relationship be
tween access and integration during the initial stages of
word recognition.

Evidence for the independence or dependence of ac
cess and integration is usually sought in the time course
of meaning activation. In modular views, it is assumed
that access and integration are independent of one an
other because they operate serially, one after the other. For
example, it is common to refer to the lexical access stage
and to contrast it with subsequent post access processing
that performs meaning integration (e.g., Forster, 1981;
Seidenberg, 1985; Stanovich, 1991). The assumption of
seriality is plausible, because at least some types ofcon
text effects develop with time (see, e.g., Neely, 1977; Ray
ner & Pollatsek, 1989). In nonmodular views ofmeaning
resolution, it is assumed that access and integration pro
cesses operate in parallel and interact throughout the time
course of meaning activation (e.g., McClelland, 1987;
Seidenberg & McClelland, 1989). Thus, evidence that
suggests an early and rapid effect of context has been
taken to support parallel access and integration processes
and, by implication, nonmodular views of meaning res
olution. Similarly, the failure to find early effects ofcon
text has been taken to implicate serial, modular views.
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However, the link between the time course of context
effects and the temporal arrangement ofaccess and inte
gration processes is not as straightforward as it might
seem. It is necessary to distinguish patterns ofmeaning ac
tivation over time from the operation ofthe processes that
produce those patterns. Activation patterns are inferred
from observable performance on cognitive tasks and,
presumably, reflect the relative availability of the various
homograph meanings. However, the processes that pro
duce those activations may change over time with little
discernible effect on the availability ofvarious meanings.
Alternatively, the same constellation of activation pro
cesses may produce qualitatively different activation pat
terns over time, given different stimuli, contexts, or tasks.
In particular, activation processes that operate in parallel
can produce results that suggest seriality, whereas a se
quence of activation processes may mimic parallelism.
This point is distinct from the well-known mimickry be
tween serial and parallel processes with respect to response
time (e.g., Townsend, 1976): We are arguing that pro
cesses that operate in parallel (e.g., access and integration
processes) can produce sequential mental events (e.g.,
one meaning may become active after another), rather
than noting that serial and parallel processes can produce
similar effects on response time. Thus, a pattern of activa
tion over time reflects the potential contribution of all the
processes that have operated to that point, and it is nec
essary to remain wary of the temptation to interpret a
given activation pattern as being necessarily the result of
a particular processing architecture.

Moreover, the question of whether access and integra
tion are serial or parallel is not identical to the question
of whether access and integration are independent. This
point is illustrated by considering the possible arrange
ments of access and integration, as shown in Figure I.
Panel a shows a common modular view of meaning res
olution: Access and integration operate serially and are
independent ofone another. Forexample, access processes
based on perceptual information may activate several
possible meanings of a word, and subsequent processes
select and integrate one-contextually appropriate mean
ing on the basis ofinformation from the surrounding con
text. Panel b shows a common nonmodular view of mean
ing resolution. Here, access and integration operate in
parallel and interact. In particular, integration processes
affect ongoing access processes, so that perceptual in
formation is used to activate only meanings that are con
textually appropriate and to minimize activation of inap
propriate meanings. This view is nonmodular because the
use of perceptual information by the access mechanism
can be affected by the current context; in this sense, access
is cognitively penetrable and does not constitute a cogni
tive module. However, our analysis suggests that a third
arrangement is also possible: Access and integration may
be independent (as in the modular view) and parallel (as
in the nonmodular view). This arrangement is shown in
panel c. In this case, access and integration operate con-
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Figure 1. Possible arrangements of access and integration. In panel a, access and
integration operate serially and are independent of one another. In panel b, access
and integration operate in parallel and interact. In panel c, access and integration
are parallel but independent.

currently and jointly activate one or more meanings.
However, in this case, the access and integration processes
themselves do not interact; for example, the use of per
ceptual information by the access process would remain
unchanged, regardless ofwhether or not a meaning is con
textually appropriate. The independent activation model,
described below, is an instance of this approach.

In sum, our view is that the lexical modularity debate
has been hampered by a false dichotomy between serial,
independent models, on the one hand, and parallel, in
teractive models, on the other. Although a few authors
have argued for parallel and independent models (e.g.,
Oden & Spira, 1983), this approach seems to have been
largely overlooked. We have developed a simple quanti
tative model of ambiguity resolution, the independent
activation model, that can account for the major findings
in the literature. This model is a hybrid of modular and
nonmodular approaches because, although access and

integration are independent in the model (as in modular
models), they also operate in parallel (as in interactive
models). Weanticipate that our model will serve to demon
strate that concentration on single issues, such as modu
larity or the lack thereof, does not serve the interest of
broadening our knowledge of meaning resolution and
language comprehension in general. Rather, our model
demonstrates that, by moving beyond the modularity de
bate, we can clarify the role ofambiguity research in our
understanding of language comprehension in general.

MODELS OF MEANING RESOLUTION

Below,we summarize influential models oflexical am
biguity resolution and describe some of the characteris
tic evidence that has been marshaled for each. This col
lection ofdata forms the foundation for the development
of our independent activation model.



Independent Serial Models
Exhaustive access models. The prototypical modular

models of meaning access are exhaustive access models
ofambiguity processing. In these models, all known mean
ings of a homograph are automatically accessed when
that homograph is presented, regardless of context; con
text effects on meaning resolution are attributed to post
access processing, with an assumption that integration
follows access (e.g., Conrad, 1974; Seidenberg, Tanen
haus, Leiman, & Bienkowski, 1982; Tanenhaus, Leiman,
& Seidenberg, 1979; Till, Mross, & Kintsch, 1988). In
extreme versions ofexhaustive access, even meaning fre
quency does not affect homograph processing (Lucas,
1987; Onifer & Swinney, 1981; Swinney, 1979); frequent
and infrequent meanings are not only accessed automat
ically, in parallel, but to equal degrees.

The primary source of evidence for exhaustive access
models is the finding that, under many circumstances, no
context effects are found early in processing. Swinney's
(1979) cross-modal lexical decision methodology pro
vides an example of this kind of finding. In Swinney's
task, sentences (some of which contained homographs)
were read to subjects over headphones. A sentence was
either strongly predictive of one meaning of the homo
graph or was not biased toward either meaning of the
homograph. During some of the sentences, a letter string
was presented visually, and subjects were asked to decide
whether the letter string was a word. The letter string was
related to the contextually biased meaning of the homo
graph, was related to the contextually inappropriate mean
ing of the homograph, or was unrelated to either mean
ing. Swinney found that lexical decision times for both
the contextually appropriate and the contextually inap
propriate test words were faster than those for unrelated
test words, regardless of the preceding context. The in
terpretation of this result is that both meanings of the
homograph were accessed, regardless of contextual ap
propriateness. In a subsequent experiment, letter strings
were not presented until three syllables after the homo
graph. In this case, facilitation occurred only for con
textually appropriate test words. Swinney claimed that
the lexical decision times in the delayed condition re
flected postaccess integration processes that selected the
contextually appropriate meaning within several hun
dred milliseconds.

Ordered access model. Another type of serial, inde
pendent model is the ordered access model. This model
is similar to the exhaustive access model in that it as
sumes that contextual influence occurs postaccess. How
ever, in this case, meaning access is related to meaning
frequency (see, e.g., Forster & Bednall, 1976; Hoga
boam & Perfetti, 1975; Holmes, 1979). The serial, self
terminating process of the access and integration of
meanings is ordered by meaning frequency. The most
common meaning is always accessed first. If the most
common meaning is not appropriate to the context, the
second most common meaning is accessed and integrated
with the context; otherwise, meaning resolution termi-
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nates. Thus, in ordered access models, whether multiple
meanings are involved in meaning resolution depends on
the suitability of the most common meaning to the con
text. As in exhaustive access models, meaning integra
tion occurs only after access.

The principal data in favor of models such as the or
dered access model are effects of meaning frequency.
For example, in Hogaboam and Perfetti (1975), subjects
attempted to detect, as quickly as possible, whether
sentence-final words were ambiguous. This task is ap
propriate for studying the order of meaning access, be
cause it requires access of more than one meaning for
successful completion. Responses were faster for sen
tences in which the less frequent meaning of the homo
graphs was appropriate than they were for sentences in
which the more common meaning was appropriate. Hoga
boam and Perfetti claimed that ambiguity judgments
were easier when the secondary meaning was suggested
by the preceding context because both primary and sec
ondary meanings would have already been accessed.
When the primary meaning was consistent with the pre
ceding context, the secondary meaning would not nor
mally be accessed; thus, the ambiguity judgment was
delayed by the need to search for a second meaning. Hoga
boam and Perfetti concluded that lexical access for ho
mographs is ordered by relative meaning frequency. Their
findings are consistent with modularity, as are exhaus
tive access models, because context does not influence
access.

Parallel Interactive Models
Context-dependent models. Context-dependent mod

els are parallel and interactive. In this approach, the con
text preceding the homograph affects meaning access,
and access is completed for only those meanings that are
consistent with the context (see, e.g., Glucksberg, Kreuz,
& Rho, 1986; Schvaneveldt, Meyer, & Becker, 1976;
Simpson, 1981; Van Petten & Kutas, 1988). The crucial
findings for such models consist of effects of context
that occur early in lexical processing. Schvaneveldt et al.
provide an example of.tliis type of evidence. In their re
search, three letter strings were presented to subjects on
each trial, one at a time, and subjects made a lexical de
cision to each of the three strings in turn. In the trials of
interest, the second letter string was a homograph, and
the first and third letter strings were words that were re
lated to the meanings of the homograph. In the concor
dant condition, the first and third words were related to
the same meaning of the homograph. In the discordant
condition, the first and third words were related to dif
ferent meanings ofthe homograph. The dependent mea
sure was lexical decision time to the third word. Relative
to unrelated controls, lexical decision time to the third
word was facilitated in the concordant condition, but not
in the discordant condition. Schvaneveldt et al. claimed
that appropriate context narrowed access of word mean
ings for a word subsequent to a homograph. When the
word following the homograph was related to the same
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meaning (i.e., in the concordant condition), processing
of that word was facilitated owing to the prior access of
the meaning. When the word following the homograph
was related to another meaning of the homograph (i.e.,
in the discordant condition), processing ofthat word was
not aided, because the meaning related to that word was
never accessed. Thus, the data suggest that access and inte
gration are parallel, because early availability of mean
ings was a function of context.

Schvaneveldt et al.s (1976) study, as well as some oth
ers supporting temporal concurrence of access and inte
gration, has been criticized on the grounds that the con
text effects observed could be caused by lexical priming.
Lexical priming is due to associative relationships be
tween words in the lexicon and is presumably mediated
by spreading activation from one word to related words.
For example, when nurse is presented, all of the words to
which nurse is associated are activated in the lexicon. If
doctor is presented shortly afterwards, it will be easier to
identify than it would be ifno word, or an unrelated word,
preceded it, because its activation level is still elevated
owing to spreading activation from nurse. In a modular
model, such activation is a by-product ofaccess and does
not involve integration processes. Thus, fast lexical
priming effects are consistent with the notion of a lexi
cal module, because the effects are due entirely to access
processes within the module.

More compelling evidence for context-dependent mod
els requires demonstration of context effects even when
the prior context contains no words that are associatively
related to the homograph. It is commonly agreed that the
effects of sentence and discourse context are the result of
integration with syntactically or pragmatically related
concepts and are not simply by-products of access (Sei
denberg et aI., 1982). For example, the word shoe is fa
cilitated in the sentence The puppy chewed on the shoe,
even though none ofthe words preceding shoe is strongly
associated to shoe (Stanovich & West, 1983). Some re
search using materials of this type has demonstrated ef
fects on meaning activation only after a considerable
delay (e.g., Seidenberg et aI., 1982); thus, these results
provide support for the modular view of lexical access,
rather than for. context-dependent models. However, as
described below, more recent research has found early
effects of context in the absence of lexical associates,
supporting parallel interactive models.

Context-sensitive models. Context-sensitive models
of ambiguity processing are motivated by the finding
that certain experimental situations may indeed provide
evidence of early activation of contextually inappropri
ate meanings but these meanings will generally be acti
vated to a lesser degree or more slowly than contextually
appropriate meanings. The contextually inappropriate
meaning of a homograph has been found to show no fa
cilitation or less facilitation than the appropriate meaning,
with delays of 100 msec or less in lexical decision (Simp
son, 1981, Experiment 2; Swinney, 1979), naming (Sei
denberg et aI., 1982; Simpson & Krueger, 1991; Tanen-

haus et aI., 1979), and color-word naming (Oden & Spira,
1983) tasks. (See Simpson, 1984, for a discussion of this
across-task trend.) The event-related potential data of
Van Petten and Kutas (1987, 1988) also show that, even
though both appropriate and inappropriate meanings are
facilitated early on in a naming task, the onset of this fa
cilitation is delayed slightly for inappropriate meanings.
According to context-sensitive models, whether a differ
ence in activation between appropriate and inappropri
ate meanings is observed will depend on the sensitivity
of the experimental situation. Variability across studies
in context types and strength, the range of meaning fre
quencies used, tasks, timing, and dependent measures
contributes to experimental sensitivity differences. The
main tenet of context-sensitive models is that meaning
activation is a function ofrelative meaning frequency and
context strength. Thus, context-sensitive models are par
allel and interactive. They differ from context-dependent
models in that they do not suggest that only contextually
appropriate meanings are accessed; rather, context and
meaning frequency jointly determine meaning activation
levels along a continuum.

Resolving the Evidence
Experimental support has been found for independent

serial models and for parallel interactive models ofaccess
under a wide variety ofconditions, and there does not seem
to be any simple way to resolve the conflicting results (for
reviews, see Bubka & Gorfein, 1989; Rayner et aI., 1994;
Simpson, 1984, 1994). In particular, Simpson (1994) pro
vided considerable support for the conclusion that type
of task (naming, lexical decision, or Stroop task), posi
tion of homograph within sentence context (medial or
sentence-final), and type of context presentation (cross
modal or unimodal) were not predictive of results in lex
ical ambiguity studies; support for both modular and in
teractive models has been reported under each of these
conditions. Instead, there is now abundant evidence that
the patterns of results that are obtained in various stud
ies are related to the nature of the stimuli that are used.
Below, we review some of the evidence for the role of two
stimulus factors in meaning resolution: context strength
and meaning frequency.

Context strength. It seems clear that a crucial differ
ence between experiments that demonstrate early effects
of context on meaning resolution and those that do not
concerns the nature ofthe context. In particular, contexts
that produce early and robust effects of context may be
stronger or more potent than those that produce minimal
effects. For example, Simpson (1981) found a pattern of
results reminiscent of exhaustive access when the con
text was weakly biased toward a meaning, but results
suggesting context-dependent access with strongly biased
contexts. Similar results have been obtained by Simpson
and Krueger (1991). However, a clear understanding of
the nature of context strength has been elusive. In addi
tion to the inclusion of lexical associates, other sugges
tions for definitions of context strength have included



the use ofpragmatic biases toward homograph meanings
or of stereotypic phrases using the homograph (Carpen
ter & Daneman, 1981), the repetition of homographs or
their meanings (Rayner et aI., 1994; Simpson & Kang,
1994), the priming ofcharacteristic features ofhomograph
meanings (e.g., Tabossi, 1988, 1989, 1991; Tabossi, Co
lombo, & Job, 1987), and an overlap in meaning features
between context and target words in Stroop tasks (Paul,
Kellas, Martin, & Clark, 1992). Our view is that strong
contexts for homographs are those that (by whatever
means) successfully narrow alternatives down to a single
plausible meaning, not only by suggesting one meaning,
but also by excluding alternative meanings (see Twilley,
1996). This is not inconsistent with approaches taken by
the researchers referred to above and is similar to claims
made by others (e.g., Dopkins, Morris, & Rayner, 1992;
Holmes, 1979; Reder, 1983).

Meaning frequency. The effects ofmeaning frequency
are related to the ubiquitous effects of word frequency
that are found in virtually all language processing tasks.
However, word frequency counts (e.g., Carroll, Davies,
& Richman, 1971; Kucera & Francis, 1967) do not have
separate entries for each of the multiple interpretations
of a homograph and, consequently, cannot be used to es
timate frequency of occurrence of the meanings in the
language. Instead, estimates ofrelative meaning frequency
are obtained by requiring subjects to provide semantic
associates to homographs and calculating the proportion
of responses made to each meaning (e.g., Twilley, Dixon,
Taylor, & Clark, 1994). Effects of relative meaning fre
quency have been found in numerous tasks with homo
graph stimuli, and these effects have been used to model
aspects of meaning resolution and language processing.
Some of these insights are reported below.

One source of evidence on the role of meaning fre
quency comes from ambiguity detection tasks, often
used to support ordered access models (e.g., Forster &
Bednall, 1976; Hogaboam & Perfetti, 1975; Holmes,
1979; Neill, Hilliard, & Cooper, 1988). As was discussed
above, when the sentence context is biased toward the
high-frequency or dominant interpretation of the homo
graph, ambiguity detection is relatively slow, presum
ably because the low-frequency interpretation is difficult
to find. Detection of ambiguity is faster when the low
frequency or subordinate interpretation is supported by
context. Decisions concerning syntactic role have also
been used to study the relative effects of meaning fre
quency on ambiguity processing (e.g., Forster & Bednall,
1976; Kinoshita, 1985). In these tasks, subjects are re
quired to judge the grammaticality of sentences. Gram
maticality judgments of sentences with homographs are
faster when high-frequency meanings are used than
when low-frequency meanings are used; this result sug
gests that the high-frequency meaning is available first.
Hogaboam and Perfetti noted that the types of effects
mentioned above demonstrate that meaning access for
homographs is, indeed, influenced by the structure of the

MEANING RESOLUTION 55

lexicon (as indexed by relative meaning frequency) and
that response times can be used to make inferences about
this structure.

Eye movement monitoring during reading compre
hension has shown that gaze durations are shorter for ho
mographs with one very high frequency meaning than
for homographs with two approximately equally frequent
meanings (e.g., Duffy, Morris, & Rayner, 1988; Rayner
& Duffy, 1986). Presumably, the gaze duration reflects
the time to find an interpretation of the homograph. Be
cause the high-frequency meaning is easier to find than
either of two meanings of moderate frequency, the gaze
duration is shorter. In this case, relative meaning frequency
results supported the assumption that processing diffi
culty is reflected in word-by-word reading times and that
such effects are immediate (see Just & Carpenter, 1980).

Priming tasks also show effects ofmeaning frequency.
Naming ofhomographs is faster when the prime is related
to the high-frequency meaning than when the prime is re
lated to the low-frequency meaning (Simpson & Foster,
1986; Simpson & Krueger, 1991). Similar results are ob
tained in lexical decision tasks (Burgess & Simpson, 1988;
Frost & Bentin, 1992; Lucas, 1987; Simpson, 1981; Simp
son & Burgess, 1985; Tabossi et aI., 1987). Each of these
priming studies was designed to reveal whether access
and integration were serial or parallel. As a group, they
are equivocal on this point, with some studies supporting
seriality and other studies supporting parallelism. How
ever, these studies, in combination with others, have led
to a crucial insight: Meaning frequency and context
strength have early interactive effects in homograph
meaning resolution.

Combined effects of meaning frequency and con
text strength. Context effects vary with both context
strength and relative meaning frequency (Carpenter &
Daneman, 1981; Duffy et aI., 1988; Holmes, 1979; Kel
las, Paul, Martin, & Simpson, 1991; Kinoshita, 1985;
Rayner & Frazier, 1989; Simpson, 1981; Simpson &
Krueger, 1991; Tabossi et aI., 1987). For example, Simp
son (1981) found exhaustive access, early effects of con
text, and early effectsof' meaning frequency, depending
on the particular combination of meaning frequency and
context strength used. When a homograph was preceded
by a sentence context that was weakly biased toward the
low-frequency meaning, both interpretations of the ho
mograph were primed equally. When the homograph was
preceded by a strongly biasing sentence, only the con
textually appropriate interpretation was primed, regard
less of its meaning frequency. When there was no context
(homograph only), only the high-frequency interpretation
was primed. Simpson's (1981) study has been criticized
because an interstimulus interval (lSI) of up to 120 msec
occurred between sentence and target, allowing the pos
sibility that access and integration were serial and that
context effects occurred after access. However, Simpson
and Krueger (1991) replicated the Simpson (1981) data
without this delay, demonstrating facilitation only for
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contextually appropriate sentences in strong contexts and
different facilitation patterns for dominant and subordi
nate meanings in unbiasing contexts.

A different,but related, interaction of context and mean
ing frequency was observed by Sereno and Rayner (1993;
see, also, Sereno, 1995). In their study, context sentences
were followed by target sentences. The context sentences
were either consistent with the meaning ofthe target sen
tences or inconsistent. The fast-priming paradigm was
used, in which a homograph was presented very briefly
(for 35 msec) just as readers fixated on a critical word in
the target sentence. The critical word was related to ei
ther the dominant or the subordinate meaning of the ho
mograph, and homographs were classified as biased
(having a dominant meaning with a relative frequency of
more than 75%) or balanced (having a dominant mean
ing with a relative frequency ofless than 75%). Priming
effects were measured by comparing reading times for
critical words preceded by related homographs or by un
related words. There was an interaction between context
type (consistent vs. inconsistent), meaning frequency
(dominant vs. subordinate), and bias (biased vs. balanced):
Sereno and Rayner found priming effects only for the
dominant meanings of biased homographs in consistent
contexts.

The pattern ofresults observed in these studies clearly
indicates that meaning activation is determined jointly
by meaning frequency and context strength; early con
text effects are not solely a function of associative rela
tionships. In particular, no effects ofmeaning frequency
are expected in strong contexts; in weak or absent contexts,
meaning frequency is expected to be the dominant con
tributor to meaning resolution. Models of meaning res
olution must be able to produce both exhaustive access
and context-dependent access patterns of activation, de
pending on experimental conditions (i.e., context strength
and meaning frequency). Thus, a resolution of the evi
dence seems to require some form of context-sensitive
model of meaning resolution. However, we argue that
context sensitivity does not necessarily require an inter
active model of meaning resolution; rather, such effects
can be generated by access and integration processes that
operate in a parallel and independent fashion. As a demon
stration of this point, we describe the independent acti
vation model below.

THE INDEPENDENT ACTIVATION MODEL

In the present section, we describe a quantitative model
ofmeaning resolution, the independent activation model,
which simulates the joint effects of context strength and
meaning frequency, as well as mechanisms related to in
dividual differences and development. As will become
clear in the following discussion, the model can easily
incorporate the kinds of effects that have been observed
in the meaning resolution literature with a simple struc
ture and underlying logic. The general structure of the
model is first described, along with its nature of opera-

tion; subsequently, we describe the way in which the
model accounts for a variety ofresults concerning mean
ing resolution. For illustrative purposes, the model is de
scribed in neural network terms. However, we wish to
emphasize that this is purely heuristic and that the model
is also consistent with a variety of other types of cogni
tive mechanisms and formalisms.

Structure of the Model
In the independent activation model, meaning resolu

tion is achieved by access and integration processes op
erating in parallel but independently, as in Figure Ic. For
illustration, we assume that each meaning of a homo
graph is represented by a node and that access and inte
gration processes provide independent input to those
nodes. This structure is depicted in Figure 2.

One of the most common instantiations of semantic
knowledge is that of a network of nodes (often called a
semantic network); our model uses this general ap
proach. Examples of such an approach can be found in
Balota (1994), Collins and Loftus (1975), Kawamoto
(1988, 1993), MacDonald, Pearlmutter, and Seidenberg
(1994), Posner and Snyder (1975), Seidenberg and Me
Clelland (1989), and Waltz and Pollack (1985), but see
McKoonand Ratcliff(1992) for an alternative. Each mean
ing node has a resting activation level and receives input
from access and integration processes. The meaning nodes
for a homograph increase in activation above their rest
ing level when the homograph is perceived. So, for exam
ple, ifthe word board is perceived, the concepts board as
apiece ofwood and board as a committee (as well as other
meanings, such as boarding a ship and room and board)
will both become active, owing to input from access pro
cesses, with the wood meaning being considerably more
active than the committee meaning (relative meaning fre
quencies, .70 and .07, respectively; Twilley et aI., 1994).

Weassume that the lexical system depicted in Figure 2
is embedded in a larger comprehension system that in
cludes perceptual processes, working memory, and long
term memory. As each word is encountered, perceptual
operations identify the features and constituent elements
of the word and provide the access input that activates
word meanings. As the meanings are activated, they be
come available to working memory and may be incorpo
rated in the development of sentence and discourse level
representations. We assume that the word meanings are
not copied directly into working memory but, rather, are
recoded in the service of ongoing comprehension pro
cesses that are driven, in part, by other long-term memory
information, the demands of the task, and the goals of
the comprehender. However, the precise nature of these
working memory representations and the operation of
the comprehension processes is beyond the scope of this
article. As working memory representations are built,
they, in turn, provide input to the lexical system and can
affect the activation ofsubsequent word meanings as they
are encountered. This provides the major contribution to
the integration input indicated in Figure 2. The input can
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Figure 2. Structure ofthe independent activation model. Each node represents a homo
graph meaning, with an associated resting level determined by meaning frequency. Access
input to each node is generated by the perceptual system and varies over time; integration
input is determined by prior context and is either positive or negative. The activation level
of a node at any point in time is a monotonic function ofthe sum of integration, access, and
resting-level inputs.

be either positive (supportive of a meaning) or negative
(contraindicative ofa meaning). For example, if the word
board appears in the sentence The carpenter sawed the
board, the integration input will be strongly positive for the
wood meaning and strongly negative for the other mean
ings. Input to the meaning nodes from access processes
occurs parallel to but independent of integration input.

A second component of the integration input is pro
vided by any closely related word nodes that are simul
taneously active. In modeling the activation of homograph
meanings, we adopt the simplifying assumption that this
additional lexical input is zero. This assumption is justi
fied in simulating many results because the experimen
tal materials are carefully designed to eliminate lexical
associates ofthe homograph in the immediately preced
ing context. However, intralexical inputs play an essential
role in the priming measures often used to measure the
activation ofhomograph meanings. In particular, ifan as
sociate of one meaning of a homograph is presented
shortly after the homograph, the activation ofthe (unam
biguous) target meaning would be affected by input com
ing from the associated homograph meaning, if it is

active. This mechanism allows the model to relate the ac
tivation of homograph meanings to priming effects that
might be measured experimentally.

The core of the model is the meaning nodes. There are
some proponents ofthe .idea that word meanings are uni
tary (e.g., Armstrong, Gleitman, & Gleitman, 1983; Smith,
Shoben, & Rips, 1974), whereas in feature theories of
meaning (e.g., Medin & Schaffer, 1978; Rosch, 1975),
word meanings consist ofa collection ofsemantic features.
Many supporters of feature theories have argued that
meanings are more than mere feature lists; for example,
there have been arguments that theories of the world are
used to tie features together (Murphy, 1991; Murphy &
Medin, 1985) or that features are abstracted from stored
episodic traces of all exposures to words (Anderson &
Nagy, 1991; see, also, Balota, Ferraro, & Connor, 1991.
and Masson & Freedman, 1990, for similar arguments
about meaning representation). In the independent acti
vation model, word meanings are discussed as unitary
entities; that is, there is local representation of meaning
(cf. Cottrell, 1988; Waltz & Pollack, 1985). In many re
spects, it is reasonable to think of the nodes as logogens
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for the separate meanings (cf. Morton, 1969, 1979). How
ever, in the independent activation model, the inputs vary
over time: At any point in time, the activation ofeach ho
mograph meaning is simply a monotonic function of the
sum of the inputs to the associated node.

In distributed representations, a word's meaning is dis
tributed across many semantic features (see, e.g., Kawa
moto, 1988, 1993; McClelland & Kawamoto, 1986); we
demonstrate below that a distributed version ofour model
generates predictions that are identical to those ofthe local
version. We purposefully do not advocate one scheme as
superior to the other: Such speculation is beyond the
scope of this model. Rather, we note that, because either
a local or a distributed representation scheme can suc
cessfully underlie simulations of the major results in the
field, we can learn a great deal about homograph mean
ing resolution without specifying details of representa
tion. Ofcourse, a complete model of meaning resolution
will eventually have to specify underlying representation,
and we expect that such specification will be implemented
when it becomes clear which type of scheme best repre
sents neural structure.

There are four senses in which the model represents
independent activation of word meanings. First, there is
no interaction between access and integration processes:
Both contribute to the activation ofword meanings in the
same manner, regardless of the nature of the other input.
This would not be the case, for example, if access input
were only directed to contextually appropriate meanings
or if the perceptual system were actively primed for fea
tures and letters that were expected on the basis of the
context. Second, there is no feedback from the word mean
ings to the access input processes, and the perceptual
processes operate in the same manner, regardless of the
level ofactivation ofthe meanings. This structure can be
contrasted, for example, with the operation of models
such as the interactive activation model of word recog
nition proposed by McClelland and Rumelhart (1981).
In that model, letter detectors that are consistent with a
word are reinforced with additional input from the word
detector whenever it is activated. Third, there is no inter
action among the word meanings themselves. For exam
ple, the meanings representing different possible inter
pretations ofa word are not mutually inhibitory, nor does
the structure of the model preclude the possibility that
several meanings may be active simultaneously. Finally,
there are no internal dynamics involved in the process of
activating word meanings. This means that the activation
ofa node is determined simply by the current level ofac
cess and integration inputs and is independent ofthe node's
immediate history of activation levels or inputs.

There are, however, three aspects of the model to
which the term interactive might be applied. First, the
access and integration inputs combine to determine the
level of activation of word meanings, and, as will be de
tailed below, we assume that this combination is nonlin-

ear. The effect of this nonlinear combination rule is that
the change in meaning activation associated with a given
change in access input will vary with the level of inte
gration input. In other words, the pattern of meaning ac
tivation displays an interaction effect, as opposed to purely
additive effects. Although the term interactive is appro
priate as a description of this activation pattern, it should
not be confused with the notion of process interaction,
discussed earlier: We assume that integration and access
are independent (noninteractive) processes, even though
their outputs are combined in a nonlinear fashion at the
level of word meanings.

Second, there is an implicit feedback loop between the
level of word meanings and the integration input: When
a word meaning is activated, the information may be in
corporated into a working memory representation of the
sentence and discourse, which may, in turn, affect the
subsequent activation of word meanings. Interaction at
this level is logically required in any model of meaning
resolution. In our approach to understanding homograph
meaning resolution, we assume that the processing of
lexical input in working memory is relatively slow (on
the order of half a second or more) and that, conse
quently, the potential for feedback from the activation of
a word meaning to itself via the integration input is min
imal. This allows us to model the integration input as ef
fectively constant over the course of immediate word
recognition.

Finally, there is also the potential for interactive feed
back to occur among related word meanings. As was
mentioned previously, we assume that an active word
meaning provides integration input to related word mean
ings and that the related meanings, in turn, could provide
input to the first meaning. However, because we hypoth
esize that the integration input coming from other mean
ing units is relatively weak and the integration input by
itself would be insufficient to activate the related mean
ing, this form of feedback has minimal effect on the be
havior ofthe model. Weak lexical input ofthis sort would
be sufficient to produce lexical priming. For example, if
one meaning is fully active, integration input coming
from that unit could speed the activation ofa related mean
ing that is presented immediately afterward. However, in
this case, feedback from the second meaning would have
little effect on the first, since it is already fully active.

There are four substantive assumptions in the model.
First, in order to determine activation of each meaning,
it is assumed that the inputs to each meaning are summed
and then scaled into the range 0-1. This means that, if
both access and integration inputs are moderately strong,
the activation will be near the peak activation of I and
further increases in input strength will have little effect
on the activation level. This assumption is at the core of
many of the simulations described below. For mathemat
ical tractability, we use the logistic function to accom
plish this scaling. In other words, if the net input to a unit
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is N = A + I, where A is the input from access processes
and I is the input from integration processes, the activa
tion of a meaning is

where R determines the resting level. This assumption de
termines how the access and integration input are com
bined at the level ofword meanings and determines much
of the interesting behavior of the model.

Second, it is assumed that integration input is deter
mined by prior context and is relatively constant through
out the course of meaning resolution. Prior context gen
erally consists ofthe activation ofmeaning units for words
appearing prior to the homograph, as well as pertinent
world knowledge, and it is likely that it is stored in a work
ing memory system, as was described above. Although
integration input is amassed over the period of time pre
ceding the appearance of the homograph, it is assumed
that this process is slow and that the input does not change
appreciably during the period of time it takes to process
the homograph. This assumption reflects the conditions
examined in most experiments on ambiguity resolution:
Contextual information is presented several hundred milli
seconds prior to the presentation of a homograph, and
meaning activation is measured over the course of the
first second or two after presentation of the homograph.
Clearly, the assumption ofconstant integration input would
have to be changed under other circumstances. For ex
ample, it seems unlikely that the nature ofthe context will
remain constant over the course of several seconds or
more, and it is reasonable to suppose that contextual in
formation provided immediately prior to a homograph
will have limited immediate effect on meaning resolu
tion. However, our working hypothesis is that, when the
context is presented substantially prior to the homograph
(i.e., several hundred milliseconds earlier, as is com
monly done), there may be little meaningful variation in
the contextual input to each meaning during the first sec
ond after homograph presentation.

The third assumption of the model is that, in situations
in which prior context disambiguates the meaning of a
homograph, integration input enhances the contextually
appropriate meaning, while suppressing the contextually
inappropriate meaning. Moreover, we assume that these
effects are symmetric. In other words, I is added for in
terpretations that are consistent with the prior context, and
I is subtracted for interpretations that are inconsistent
with the context. (In situations in which the prior con
text is unbiased or neutral, we assume that I is 0.) The
use of symmetric enhancement and suppression is math
ematically simpler than alternative formulations (i.e., it
requires fewer parameters). Moreover, the assumption is
consistent with the only study of homograph meaning
resolution we know ofthat looked at the issue ofenhance
ment and suppression symmetry (Simpson & Kang,
1994). Given the dearth of evidence to the contrary, we

This curve is illustrated for the values d = .00 I and s =
.0 I in Figure 3; these values are used for all of the sim
ulations reported below (with the exception of those for
the performance ofyoung children, for whom we assume
these values are inappropriate; see below). However, our
approach to meaning resolution would be unchanged for
a range ofvalues for d and s; all that is required is that the
input wave form has the general qualitative character
shown in the figure. In particular, our choice of param
eter values and even the form of Equation 2 are unimpor
tant, as long as the input reaches a maximum in roughly
200-300 msec and decays rather slowly subsequent to
that peak.

have assumed symmetry in our model. However, whether
prior context generates symmetric enhancement and sup
pression of word meanings remains an important empir
ical question.

The final assumption of the model is that the input
from access processes is determined by perceptual en
coding mechanisms and varies over time. Many ofthe in
teresting predictions of the model depend on the nature
of the time-varying input; we hypothesize that the input
starts at zero when the word is first encountered, rises
rapidly to a peak within several hundred milliseconds, and
then decays relatively slowly back to zero. In other words,
we assume that the perceptual input is transitory, even
though a stimulus may remain in view. This would be ap
propriate, for example, if the lexical system is responsi
ble only for signaling the content of new lexical input.
After the meaning of a word is identified, other mecha
nisms (in working memory, e.g.) would be responsible
for incorporating and maintaining that word meaning.
The decay in access input consists ofa form of rapid ha
bituation to sustained lexical information and is analogous
to operation of transient visual pathways, albeit at a quite
different level and time scale.

One class of encoding processes that could produce
input of this form consists of a combination of sampling
and decay. For example, assume that the perceptual sys
tem has available a quantity!of evidence in favor of a
particular lexical item; conceivably,fmight represent the
number of visual features consistent with that word. Ac
cess processes would sample the available evidence ran
domly at a rate s. This means that the probability of
information remaining unsampled will decay exponen
tially over time-that is, U(t) = e:». However, we as
sume that the information also decays at a rate d. Conse
quently, the probability of information remaining active
will also decay exponentially: Vet) = e:«. If the decay
and sampling are independent, the probability of infor
mation being available to the access process is simply the
product of information sampled and remaining active, or
[I - U(t)] Vet). This means that the total information
provided by the access/process can be represented by a
difference of exponentials:

(2)A(t) = !(e-dl-e-(d + S)I).

(I)
l+e-2(A+I +R ) ,

M= I
l+e-2( N +R )
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of parameter values and there is no clear basis for pre
ferring one set of parameter values to another. Although
a small amount of exploration was required to find pa
rameter values that produced intuitively reasonable sim
ulations, curves were not "fit" in the sense that a system
atic search of the parameter space was required in order
to generate particular predictions.

Model Simulations
Below, we describe a series of simulations designed to

illustrate how the model accounts for the varying patterns
ofresults in studies ofhomograph processing. In most of
those studies, the dependent variable was a measure of
priming, and it is typically assumed that a particular
meaning of a homograph is active if it can affect the rec
ognition or activation of related words. The independent
activation model predicts the level of activation of the
homograph meanings, and we regard the construction of
a response model capable of predicting priming effects
as a somewhat separate issue. In a subsequent section, we
will describe a possible account of priming that is based
on the effects of intralexical integration inputs. For the
moment, however, we adopt the heuristic that high lev
els ofactivation (e.g., those greater than.9) will produce
strong priming of related words, whereas low to moder
ate levels of activation (e.g., those less than.4) will not.

Exhaustive access. As was discussed above, a com
mon finding in research on meaning resolution is ex
haustive access: Both meanings are active shortly after
presentation of a homograph, but only the contextually
appropriate meaning is active after a longer delay. This
pattern of activation is to be expected when context is
weak or absent, and the model produces this pattern when
a relatively low value is used for the strength of the inte
gration process (parameter values for this and all subse
quent simulations are listed in Table I). Figure4 shows
the simulation of the model when the value ofI is reduced
to 4 (from the default value of 5). As can be seen, both
meanings are highly active shortly after the presentation
of the homograph, although the contextually appropriate
meaning is activated more quickly. Indeed, even when
exhaustive access patterns are observed empirically,
there is a tendency (rarely statistically significant within
a given study, but consistent across studies; see Lucas,
1999, for a meta-analysis) for the appropriate meaning to
show slightly larger priming effects than the inappropri
ate. The difference in rate of activation between appropri
ate and inappropriate meanings in our model nicely sim
ulates this subtlety in the empirical data. Larger effects
of the differential contextual support are found only after
several hundred milliseconds. Thus, this pattern ofactiva
tion corresponds to the exhaustive access pattern ofprim
ing effects observed in experiments such of those ofSei
denberg et al. (1982): Words related to both meanings are
primed at short delays, but only the contextually appro
priate meaning is primed at longer delays. In the model,
the reason this pattern of results occurs is that the input
from the perceptual system is strong enough initially to
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Figure 3. Access input as a function of time. This is a difference
of exponentials (Equation 2) with s = .01 and d = .001. The curve
has been normalized to have a peak value of 1.

Similarly, when the meaning is inconsistent with the con
text, its activation is given by

In order to generate a simulation ofthe model, parameter
values are selected for f, I, and R, and the equations are
evaluated at each point in time. The simulations reported
below are based on default values ofj= 20, I = 5, and
R = -9 (along with the parameters that determine the
access wave form, d = .001 and s = .01). Logical consid
erations impose a variety ofconstraints on the values that
these parameters must have. For example, the combina
tion ofresting level and integration strength has to be low
enough that meanings are not spontaneously "recognized"
without any access input from the perceptual system. Sim
ilarly, the access input has to be strong enough that mean
ings achieve a substantial amount of activation even in
the absence of contextual support. Within these con
straints, the parameter values trade with one another, so
that qualitatively similar curves are generated with a range

In sum, Equations 1 and 2 imply that, when the mean
ing is consistent with the context, its activation at time t
is given by
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Figure 4. Simulation ofexhaustive access. Predicted activation
levels are shown for the contextually appropriate and contextu
ally inappropriate meanings with strong access input and mod
erate integration input.

studies. This approach embodies the assumption that con
texts differ primarily in terms of a single characteristic,
strength ofconstraint. We cannot defend this assumption
with any compelling arguments and know of no simple
way in which the strength of a context can be assessed
a priori. In fact, it is quite possible that contexts of dif
ferent types operate differently and that the model would
have to be elaborated to incorporate a variety ofdifferent
kinds of integration processes. For example, in a subse
quent section, we will consider the possibility that eahance
ment and suppression of homograph meanings might be
different. At present, however, the differing patterns of
context effects can be explained simply by assuming that
contexts, whatever their nature, vary in the strength of
their input to the lexical system .

Context x frequency interactions. According to the
model, differences in meaning frequency can modulate
the effects of context, such as those modeled above. For
example, a subordinate (less frequent) meaning may not
become active at all ifit is not supported by context (i.e.,
the pattern of activation will suggest context-dependent
access), whereas the dominant (more frequent meaning)
may become active regardless ofthe context (i.e., the pat
tern of activation will suggest exhaustive access). This
interaction is illustrated in Figure 6. In order to produce
this simulation, we made the plausible assumption that
variations in meaning frequency among the stimuli are
associated with variations in resting level. In this case, the
resting level (R) was reduced from -9 (the default value)

Table I
Simulation Parameters

Simulation d s f I R

Exhaustive access (Figure 4) .001 .01 20 4 -9
Context-dependent access (Figure 5) .001 .01 20 6 -9
Context X frequency interaction (Figure 6)

Subordinate meaning .001 .01 20 5 -10
Dominant meaning .001 .01 20 5 -8

Fast priming (Figure 7)
Subordinate meaning .001 .01 6 5 -10
Dominant meaning .001 .01 6 5 -8

Balance (Figure 8)
Subordinate meaning neutral context .001 .01 20 0 -12
Dominant meaning neutral context .001 .01 20 0 -6
Balanced meaning neutral context .001 .01 20 0 -9
Subordinate meaning biased context .001 .01 20 4 -12
Dominant meaning biased context .001 .01 20 4 -6
Balanced meaning biased context .001 .01 20 4 -9

Priming (Figure 9)
Target .001 .01 20 4 -9
Homograph, weak context .001 .01 20 4 -9
Homograph, strong context .001 .01 20 6 -9

Development (Figure 12)
Subordinate meaning, older children .001 .01 20 0 -10
Dominant meaning, older children .001 .01 20 0 -8
Subordinate meaning, younger children .0005 .005 20 0 -10
Dominant meaning, younger children .0005 .005 20 0 -8

Individual differences (Figure 13)
High-capacity readers .001 .01 20 4 -9
Low-capacity readers .001 .01 20 2 -9

overwhelm any distinctions arising from context and to
activate both meanings, even if only one is favored by the
context. However, as the strength of the perceptual input
decays, the contextual bias toward one meaning will keep
that meaning active, while suppressing the alternative
meaning.

Context-dependent access. Some research (described
earlier) shows a context-dependent pattern of access in
strong contexts. The model predicts this access pattern if
the strength of the integration input is increased. In par
ticular, if the value of I is increased to 6, the model pro
duces results that look like the predictions of the context
dependent model. This is shown in Figure 5. The access
input succeeds in activating the contextually appropriate
meaning in conjunction with the input from integration
processes. However, the contextual bias against the inap
propriate meaning ofthe homograph is now strong enough
to keep this alternative meaning from becoming more
than minimally active. Our interpretation of the results
shown in Figures 4 and 5 is that the essential difference
between experiments showing the exhaustive access pat
tern and those showing context dependence is in the na
ture of the stimuli used to provide contextual support. In
particular, with strong contexts, the integration process
is sufficiently strong to select only that meaning, but with
weaker contexts, integration is not strong enough to keep
the contextually inappropriate meaning from becoming
momentarily active (cf. Simpson, 1981).

In the model, we use varying values of the parameter I
to capture the differences in contexts provided in these
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be relatively easy for subjects to detect the potential am
biguity, because both meanings are available. When the
sentence is consistent with the dominant meaning, the
appropriate (dominant) meaning is still fully active, but
the inappropriate (subordinate) meaning reaches only a
low activation level. Here, one would expect it to be more
difficult to retrieve the subordinate meaning of the ho
mograph, and consequently, ambiguity detection time
should be greater. Hogaboam and Perfetti interpreted their
results in terms of an ordered access model in which the
dominant meaning is accessed first, followed by the sub
ordinate meaning. However, the present simulation dem
onstrates that a serial mechanism is not required to produce
their results; they can be explained in a straightforward
manner by the parallel activation mechanism in the in
dependent activation model.

Sereno and Rayner (1993; Sereno, 1995) reported a
somewhat different interaction between meaning fre
quency and context, using the fast-priming procedure. In
their results, priming results were observed only for the
dominant meaning, when it was contextually appropri
ate; little priming was found for the dominant meaning
when it was not supported by the context or for the sub
ordinate meaning under any circumstances. However, in
their task, the homograph was visible for only about
35 msec. Thus, it would be reasonable to model their re
sults with a relatively weak perceptual input. Figure 7
shows the result of using precisely the same parameters
as those used in the simulation shown in Figure 6, with
the exception that the strength of the perceptual input (f)
was reduced from 20 to 6. The results are similar to those
obtained by Sereno and Rayner: The only case in which
a meaning is highly activated (and in which substantial
priming would result) involves a meaning that is both
dominant and contextually appropriate. Our interpreta
tion is that the particular form of interaction between
meaning frequency and context observed in the fast
priming paradigm is dependent on the brief exposure of
the homograph, which, in tum, leads to only weak percep
tual input to the homograph meanings. Notably, the re
ordered access model put forth by Sereno and Rayner is
not necessary to explain this pattern; rather, their results
can be simulated with a simple and plausible parametric
variation in the independent activation model.

Effects of homograph balance. With additional as
sumptions, the model can predict some aspects of the ef
fects of relative meaning frequency observed by Rayner
and colleagues on fixation duration during comprehension
(Duffy et al., 1988; see, also, Rayner et al., 1994). They
observed that when prior context was consistent with
both meanings ofa homograph, fixation duration on bal
anced homographs (i.e., those with two equally frequent
meanings) was longer than that on control words. How
ever, fixation duration on unbalanced homographs (i.e.,
those with one meaning that is substantially more fre
quent) was not elevated, relative to controls. A different
pattern emerged when the prior context was consistent
with the less frequent meaning of the homograph. In this
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Figure 5. Simulation of context-dependent access. Predicted
activation levels are shown for the contextually appropriate and
contextually inappropriate meanings with strong access input
and strong integration input.

to - 10 to represent a subordinate meaning and was in
creased to - 8 to represent a dominant meaning. We used
the default value of context strength (I = 5). The left
panel depicts the pattern ofactivation for the subordinate
meaning. As is shown, it becomes fully active when it is
contextually appropriate but shows little activation when
it is contextually inappropriate. The right panel depicts
the patterns of activation for the dominant meaning. In
this case, the meaning becomes completely active both
when it is contextually appropriate and when it is con
textually inappropriate, although the meaning remains
active only when it is contextually appropriate. This inter
action of meaning frequency and context is similar to that
reported by Simpson and Krueger (1991; see also Simp
son, 1981). Notably, the time course of activation in the
model is solely a function of the varying strength of the
perceptual input, together with appropriate values of the
resting levels to represent differing meaning frequencies.

The patterns ofactivation shown in Figure 6 may also
underlie the effects observed in the ambiguity judgment
task used by Hogaboam and Perfetti (1975). They found
that the time needed to detect the ambiguity ofa sentence
final homograph was faster when the sentence was con
sistent with a subordinate meaning than when it was con
sistent with the dominant meaning. When the sentence is
consistent with the subordinate meaning, both the ap
propriate (subordinate) meaning and the inappropriate
(dominant) meaning are fully active. In this case, it should
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Figure 6. Simulation of interaction of context and meaning frequency. The left
panel shows the predicted activation of the subordinate meaning when it is either
contextually appropriate or contextually inappropriate; the right panel shows the
predicted activation ofthe dominant meaning when it is either contextually appro
priate or contextually inappropriate.

case, fixation duration was longer on unbalanced homo
graphs (i.e., homographs for which the contextually in
appropriate meaning was dominant), and little effect of
ambiguity was observed for balanced homographs. These
effects were attributed to competition among possible
meanings for integration into the text representation (Dop
kins et aI., 1992; Duffy et aI., 1988; Rayner et aI., 1994).
For example, when there is no biasing context and the two
meanings are of comparable frequency, the two meanings
are equally available, and the ensuing competition slows
processing. In contrast, when one meaning is dominant,
that meaning is accessed first, and there is little compe
tition. However,slower fixations result if the prior context
favors the subordinate meaning, because the contextual
support speeds the access of that meaning, so that it is
available at the same time as the more frequent meaning.

Our account of these phenomena is similar in that we
also assume that fixation duration is slowed when the
two meanings ofa homograph are active simultaneously.
However, the relationship between the duration of eye
fixations and the predicted levels of activation is com
plicated by the fact that fixation durations are typically
much shorter than the total duration of meaning resolu
tion hypothesized in the model. For example, fixations
are often less than 300 msec, whereas, according to the
model, it may take as much as 500 msec to suppress a

contextually inappropriate meaning (e.g., as shown in
Figure 4). Consequently, we assume that fixation dura
tion is primarily sensitive to the initial stages ofmeaning
activation, and we model the effects observed by Rayner
and colleagues by examining the predicted activation of
the two meanings at a 100-msec delay. In particular, we
assume that fixation duration is slowed by the presence
of competing interpretations ofa homograph when both
are active at 100 msec, and there should be no effect of
ambiguity when only one meaning is available at this ini-
tial stage. .

With this assumption, the model predicts the patterns
of fixation duration observed by Rayner and colleagues
when the unbalanced homograph meaning frequencies
are sufficiently disparate. The first panel in Figure 8 shows
the pattern of activation at 100 msec with a neutral con
text. When the two meanings are ofequal frequency (i.e.,
R = -9 for both meanings) and there is no biasing con
text (i.e., I = 0), both meanings are active, and, as a con
sequence, fixation duration should be relatively slow.
When one meaning is substantially more frequent (i.e.,
R = -6 and -12 for the dominant and subordinate mean
ings, respectively), only the more frequent meaning is
active at 100 msec, and there should be no effect of am
biguity on fixation duration. In the second panel, con
textual support for the subordinate meaning was added
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Figure 7. Simulation of interaction of context and meaning frequency with weak
access input. The left panel shows the predicted activation ofthe subordinate mean
ing when it is either contextually appropriate or contextually inappropriate; the
right panel shows the predicted activation ofthe dominant meaning when it is either
contextually appropriate or contextually inappropriate.

(I = 4 for the subordinate meaning and 1 = -4 for the
dominant meaning). With this biasing context, the pat
terns are reversed: Only the subordinate meaning of a
balanced homograph is fully active, whereas both mean
ings are active for strongly unbalanced homographs. As
Duffy et al. (1988) found, fixation duration on the un
balanced homograph should be slower, because of the
presence of a competing meaning. The independent ac
tivation model produces these patterns without any se
quences of operations or serial access stages; rather, all
the meanings are activated independently and in parallel.

Priming Effects
With a few additional assumptions, the model pro

duces quantitative estimates ofpriming effects. Although
we regard this component of the model as speculative
and somewhat tangential to our main argument, it is use
ful to demonstrate the nature of the development that is
required to produce such predictions. In a priming para
digm, a lexical associate ofone of the homograph mean
ings is presented shortly after the homograph, and recog
nition time for the target word is measured (e.g., in a lexical
decision task). It is usually assumed that, when the re
lated meaning of the homograph is active, the target
recognition will be faster, as compared with a control
condition in which the target is unrelated to either mean
ing of the homograph. In order to simulate priming ef-

fects in the model, we assume that full activation of a
meaning is not necessary for it to be recognized but that
meanings are recognized whenever their activation is
substantially above zero. The magnitude of priming ef
fects can be calculated, if we assume a specific value for
the recognition threshold. In the following development,
we assumed that the target meaning can form the basis of
a word recognition response as soon as the activation
reaches a value of .2. Using the default parameters from
the previous simulations and an integration input of 0,
the activation level reaches this recognition threshold in
58 msec. However, the precise value of the threshold is
unimportant, and other values of the threshold produce
comparable estimates.

Lexical priming is produced when a related homograph
is presented prior to the target. If the homograph-target
stimulus onset asynchrony (SOA) is short enough, the
homograph meanings may still be active, and the related
meaning would contribute to the integration input for the
target. We assumed that this input would be relatively
weak even when the homograph meaning is fully active.
As a consequence, we used parameter values for the in
tegration input that are appropriate for a weak context
manipulation (such as that described above in the Ex
haustiveAccess section). Thus, for the related target mean
ing, I(t) = 4 M(t), where M represents the activation of
the homograph meaning at time t. As can be seen in Fig-
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Figure 8. Simulation ofthe effect of balance and contextual support on initial
levels of activation. The left panel shows the pattern of activation without con
textual support 100 msec after presentation for balanced homographs (two
equally frequent meanings) and unbalanced homographs (one subordinate and
one dominant meaning). In the right panel, contextual support in favor of the
subordinate meaning was added. (One of the equally frequent meanings of the
balanced homograph was arbitrarily designated as the subordinate meaning.)

ures 4-6, the contextually appropriate meaning of the
homograph is fully active almost immediately after pre
sentation, so for targets related to the appropriate mean
ing, the integration input would be essentially 4 for the
initial stages of their meaning activation. With this addi
tional input, the time to reach the threshold of .2 de
creases to 25 msec. In other words, the priming effect for
contextually appropriate meanings should be 58 - 25 =
33 msec and should be constant over a large range of
homograph-target SOAs.

The pattern ofactivation ofcontextually inappropriate
meanings is more complex and varies with the strength
of the integration input to the homograph meaning. Fig
ure 9 shows two possible patterns. The curve labeled
"Inappropriate-Weak Context" indicates the predicted
priming when the target is related to a homograph mean
ing receiving an integration input of -4 (which produces
the pattern ofactivation shown for the inappropriate mean
ing in Figure 3). Although substantial priming is found
when the target is presented immediately after the homo
graph, very little priming is obtained when there is a
small delay. The curve labeled "Inappropriate-Strong
Context" indicates the predicted priming when the inte
gration input to the homograph meaning is -6 (which

produces the pattern of activation shown for the inappro
priate meaning in Figure 9). In this case, very little prim
ing is observed at any SOA. In general, the patterns of
priming effects mirror the patterns of homograph mean
ing activation, albeit with a different scale and with less
sensitivity to low levels of activation.

Clearly, this development cannot be regarded as a the
ory of word recognition or priming. There is a great deal
of processing that must be involved in making a lexical
decision response, for example, and the actual magnitude
of the predicted priming effects cannot be regarded as
anything more than illustrative. The point of this exercise
is merely to indicate one wayin which the theoretical quan
tities of meaning activation can be connected in a con
crete way to observable priming effects.

Distributed Lexical Representations
Thus far, our description of the independent activation

model has been based on the assumption that the mean
ings of homographs are represented as single units.
However, this assumption has been purely for the sake
of expositional convenience. In particular, the relation
ships and predictions of the model can also be cast in
terms ofdistributed lexical representations. Given recent
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35 .---------------,

(6)

(5)

N = W(A + I),

and outputs are distributed and show that precisely the
same equations and predictions apply. The model is il
lustrated in Figure 10. Each interpretation of a homo
graph is represented by a pattern ofactivation in the out
put units at the top of the figure; the output units can be
thought of as meaning features that together code the
meaning of words. Each of these meaning feature units
receives input from access and integration units at the
bottom. As in the localist representation described pre
viously, the access units code orthographic information
from the perceptual system, whereas the integration units
code information about the context and are based on rep
resentations in working memory. As before, we assume
that the activation of each of the output units is simply
the sum of its input, logistically scaled to the range of
0-1. That is, the output of each unit is

where ~ is the net input and Rj determines the resting
level. The input is derived from a set of input units, di
vided between access and integration, as shown in Fig
ure 11. The activation levels of the total set of input units
can be described as a vector and decomposed, using vec
tor addition, as A + I, where A codes the activations of
the access units (with 0 for the values of the integration
units) and I codes the activations ofthe integration units
(with 0 for the values of the access units). The net input
to the meaning units, N, is modulated by a matrix ofcon
nection weights, W:

where A and I are vectors representing the pattern of in
puts over the access and integration units, respectively,
and the i-jth element of W represents the strength of the
connection between the ith input unit and the jth mean-
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Figure 9. Simulation of priming effects as a function of time
and context. The simulated priming effect is the decrease in the
time for a meaning related to one of the homograph meanings to
reach a recognition threshold.
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controversy about distributed representations of mean
ings of ambiguous words (Besner & Joordens, 1995;
Joordens & Besner, 1994; Masson & Borowsky, 1995;
Rueckl, 1995), we felt that consideration of distributed
representations was in order.

In the following section, we will develop a parallel
representational model of the lexicon in which inputs

Meaning Activation Pattern

Access Input Pattern Integration Input Pattern

Figure 10. Structure of the independent activation model with distributed rep
resentations.
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(7)

With these assumptions, the exact form of the con
nection matrix, W, can be specified, and the pattern of
activation can be predicted for any given input (see the
Appendix). In order to assess the extent to which a mean
ing is active, we compute the dot product of the target
vector with the obtained pattern of activation, normal
ized by the length of the target vector:

A + It and T2 when presented with A + 12 , where T, and
T2 represent the patterns of meaning features in the two
homograph meanings. In addition, when the system is
presented with the orthographic input without any support
ing context or with a neutral context, the output should
be a mixture of the two meanings; that is, A alone should
produce

This is essentially a measure of the extent to which fea
tures that are present in the target pattern of activation
are also active in the obtained pattern. In particular, it is
shown in the Appendix that, when presented with access
input of strength a and integration input of strength {3 in
favor of meaning I, the activation of that meaning is

M* I (8)
1= l+e-2(A' + I" + R' ) ,

where A* is a function of a, I" is a function of {3, and R*

determines the resting level. This, of course, is precisely
the same formulation described in Equation I for local
ist representations.

We assume that the role of the activation vectors in
comprehension processes is also comparable with that
which would occur with a localist representation. In par
ticular, after a meaning has been activated, the vector of
features would be available to higher level comprehension
processes and would likely be incorporated into working
memory representations of the sentence and discourse.
We assume that the lexical system is responsible for re
sponding to sequences ofwords encountered one at a time;
the present system is sufficient in this regard. How a se
quence of word meanings are used in comprehension and
maintained in working memory is a complex problem be
yond the scope of the present article. However, one as
pect ofthe interface between patterns oflexical activation
and working memory deserves comment. The simulations
described above make it clear that, in many circum
stances, both meanings of a homograph would be avail
able for a briefperiod after the word is encountered. With
a distributed representation, this creates ambiguity about
which features should be used in comprehension. How
ever, this ambiguity is exactly analogous to the ambigu
ity that occurs when multiple meanings are momentarily
active in a localist representation. In either case, the sim-
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Figure 11. Hypothesized access input as a function of time for
younger and older children. The curve for older children uses the
same parameters as those used for adults, s = .01 and d = .001;
the curve for younger children uses half those values, s = .005
and d = .0005. The curves have been normalized to have a peak
value of 1.

ing unit. The present formulation is similar to a linear as
sociator system, such as those studied by Kohonen (1987)
and others. However, in a linear associator, matrix mul
tiplication (as in Equation 6) determines the nature of the
output, not just the net input. In contrast, our system is
effectively a linear associator where the output values are
constrained to be in the range of 0-1.

Connection weights in this kind of system can be
learned by using the generalized delta rule (Rumelhart,
Hinton, & Williams, 1986). In applying this procedure,
a parallel distributed system is presented with an input
pattern, and the output pattern is compared with a target.
The connection weights are altered incrementally in pro
portion to the strength of the input and the magnitude of
the discrepancy between target and output. This learning
procedure can be applied to the lexical system depicted in
Figure 10 by assuming that, for a given homograph, the
system would learn to produce one meaning when pre
sented with the appropriate orthographic input and sup
porting context and to produce a different meaning when
the context supports the alternative meaning. In other
words, suppose that the vector A represents the pattern of
access inputs corresponding to a homograph and that I,
and 12 represent patterns of integration inputs for two dif
ferent interpretations of the homograph. Then, the output
target should be T1 when the system is presented with
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ulations indicate that the ambiguity is resolved over time
and that the system generally reaches and maintains a state
where only a single meaning is active. Thus, one possibil
ity is that working memory integrates lexical activations
over time and that transitory activations of contextually
inappropriate meanings have relatively little impact.

The distributed representation described here provides
a parsimonious account of the selection of word senses.
Many relatively unambiguous words have several related
meanings, only one ofwhich is appropriate in a given con
text. For example, booster, meaning an electronic ampli
fier, shares meaning components with booster, meaning
a fan or enthusiast, even though the interpretations are
mutually exclusive. In order for the independent activa
tion model to select one meaning by using a localist rep
resentation, one would have to hypothesize that a sepa
rate node exists for each meaning sense. This seems
awkward, since almost all words have a variety ofdiffer
ent but overlapping senses. However,this is less ofa prob
lem in a distributed representation. For example, it would
be natural to assume that two related senses would share
some features but not others, so that the meaning vectors
for the two senses would be correlated but not identical.
Because these two meaning vectors would, nonetheless,
be linearly independent (although not orthogonal), de
velopments analagous to those presented above would
apply. In particular, features that are active in one mean
ing sense but not in the other would be sensitive to con
textual influences, just as the features in unrelated mean
ings are. In contrast, features that are common to both
senses would be fully active regardless of the nature of
the context. Thus, the independent activation model, to
gether with the distributed representational scheme de
scribed above, would be capable of sense disambigua
tion without requiring a separate meaning node in the
lexical system for each meaning sense.

The conclusion that we draw from this development is
that the mathematics ofthe independent activation model
hold regardless of at least some of the details of lexical
representation. Importantly, either local or distributed
models of lexical representation can be assumed to un
derlie meaning access and integration without affecting
the validity ofour model. The crucial aspect ofthe model
is that the system be capable of activating more than a
single lexical representation at a time and that the access
and integration inputs make independent contributions
to the activation of different interpretations. As long as
these constraints obtain, it does not matter whether lex
ical items are conceived ofas single nodes (with associ
ated lexical knowledge) or as distributed patterns over a
set of interpretive semantic units; the same predictions
and mathematical formulation apply to both.

Relations to Other Models of Lexical Amhiguity
Context-sensitive models. The independent activa

tion model is a context-sensitive model in the sense that
access and integration go on concurrently and in paral
lel. However, unlike most context-sensitive models, ac-

cess and integration in the independent activation model
are independent and do not interact; the access processes
provide equal support for all possible meanings, regard
less of context. Moreover, there are no serial stages in
the model (e.g., an access stage is not followed by an in
tegration stage), and there are no complex process dy
namics (e.g., there is no interactive feedback from the
meaning nodes to access input). Rather, we have found
that simply adding the resting level, perceptual inputs,
and contextual inputs (thus granting each independent
status) can provide an accurate description of the find
ings on meaning resolution.

Classical models ofperception. The independent ac
tivation model can be regarded as a development of the
logogen model developed by Morton (e.g., 1969, 1979)
in which each homograph meaning is represented by a
different logogen. In particular, both models share the
assumption that perceptual processes and context con
tribute independently to the activation ofa meaning. Me
Clelland (1991) termed models with this property classical
models of perception and contrasted them with inter
active activation models, in which perceptual and con
textual information interact to produce activation levels.
Other classical models include the choice model ofLuce
(1963) and the fuzzy logical model ofOden and Massaro
(1978). The formal relation between the logogen model
and the independent activation model can be expressed
as follows. In the logogen model, each unit has an acti
vation level that is simply the sum of perceptual input
and contextual input. In principle, these inputs are counts
of the number of features that are consistent with the
word represented by the logogen, but they can be ap
proximated by real values (Morton, 1969). In other words,
the activation level of a logogen is L = P + C. where P
is the perceptual input and C is the contextual input. Fur
thermore, the activation level is subject to random noise,
approximated by Morton (1969) as a logistic distribution.
This entails that the probability of a logogen being greater
than its threshold v is

Pr(Exceeding threshold) = 1
1+e -2(L-v) 1+ e -2(P+C-v)

(9)

This is formally identical to the activation level in the in
dependent activation model (expressed in Equation 1), if
v = - R, P = A , and C = I,

However, despite this formal relationship between the
two models, there are fundamental conceptual differ
ences. To begin with, activation levels in the independent
activation model do not correspond to the probability that
the homograph is recognized. For example, skilled read
ers can accurately recognize words even when they are un
expected or incongruous in context, as long as the words
are clearly perceptible; thus, the recognition probability
should be close to 1. However, simulations such as that
shown in Figure 4 suggest that the activation level for a
meaning that is incongruous in context should be about



.2 in the independent activation model. This difference
between meanings that are minimally active (e.g., an ac
tivation of .2) and those that are fully active (e.g., with an
activation of.9 or higher) is essential to the predictions of
the model, because only the latter case is associated with
strong priming ofrelated meanings. However,both mean
ings should be easily recognized, as long as the words
are substantially above threshold. Thus, activation levels
cannot be interpreted directly as recognition probabilities,
despite the formal relation to the logogen model. Rather,
in order to estimate recognition rates at low levels of per
ceptibility, one would have to make assumptions about
noise in the system, add a threshold, and then compute the
probability that the activation is greater than the threshold
(as Morton does in his description of the logogen model).

Another crucial difference between the two conceptu
alizations is that activation levels in the independent ac
tivation model are logistically scaled to the range ofO-I.
In contrast, in the logogen model, the logistic distribu
tion only arises because of noise in the system, and the
actual activation level is simply the sum of the inputs.
The implications of this difference could be seen most
clearly if one were required to choose between the two
possible meanings ofa homograph. Such an operation is
similar to the forced-choice tasks modeled by Morton
(1969, 1979), and his predictions can be applied directly.
Using the mathematical development of Luce (1963),
Morton demonstrated that the probability ofselecting one
of two logogens is

C' p,'
Pr(Choose Meaning 1)= , ,I '", (10)

C1 fj +C2 ~

where C' and P' are strength measures that depend only
on the contextual and perceptual inputs, respectively. If
the logogens correspond to the two meanings ofa homo
graph, this reduces to C; I( C; + C~}, because the two
meanings have identical perceptual inputs. In other
words, the probability of selecting one meaning over the
other is unaffected of the strength of the perceptual in
put. These predictions do not apply to the independent acti
vation model, because activation levels are logistically
scaled, rather than simply being the sum of perceptual
and contextual information. For example, one could easily
imagine that the meanings of a homograph are equally
likely to be selected if both are fully active (indeed, this
is comparable with the exhaustive access priming pre
diction). Thus, the conceptually different treatments of
meaning activation in the two models lead to quite dif
ferent predictions.

The most important unique element in the indepen
dent activation model is the idea that perceptual input
varies over the course of meaning activation, rising rap
idly to a peak within several hundred milliseconds and
then decreasing more slowly. This characteristic of the
model is essential for predicting the temporal patterns
described in the simulations above. In particular, the time
varying perceptual input underlies the ability ofthe model
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to settle on one meaning ofa homograph even though both
meanings may be active initially (e.g., in Figure 4). Al
though Morton (1969) suggests that the activation of10
gogens must decay, this property was intended to allow
the system to respond to successive words during nor
mal language processing and is not involved in the dy
namics of recognizing individual words.

In sum, the independent activation model shares with
the logogen model (as well as with other classical mod
els) the idea that context and perception have independent
effects. Moreover, there are formal relations between the
models (e.g., Equations I and A7). However, there are
important differences: Despite the formal similarity, acti
vation levels in the interactive activation model are con
ceptually different than recognition probabilities in the
logogen model; the activation of each meaning is a lo
gistic, rather than a linear, function of the inputs; and the
perceptual input varies over time in the independent ac
tivation model, rather than being static. These elements
are essential to the behavior of the independent activa
tion model.

Interactive activation models. Kawamoto (1993; see,
also, Kawamoto, 1988) proposed an interactive activation
model of homograph meaning resolution. In his model,
each lexical entry is represented as a distributed repre
sentation that encodes spelling, pronunciation, part of
speech, and meaning. Recognizing a homograph in con
text is simulated by activating units corresponding to the
word's spelling and units corresponding to the meaning
context. The system subsequently settles into a state cor
responding to one particular meaning of the homograph.
Thus, the structure of his model is similar in some re
spects to Figure 10: Input to the system is provided in the
form ofactivation levels in perceptual and contextual units,
and interpretation of a homograph is represented by a
pattern of activation over a set of semantic units.

There are many differences between our approach and
Kawamoto's, but we think two are fundamental. The first
is that the semantic units in Kawamoto's model receive
direct input not only from perceptual and contextual
units, but also from other semantic units; there is no
comparable immediate interaction among the meaning
units in the independent activation model. The second
difference is in the nature of the activation function of
each of the units. In the independent activation model,
the activation of each output unit at any point in time is
determined simply by the instantaneous sum ofthe inputs.
In Kawamoto's model, however, activation levels grow
incrementally over time. This means that the activation
at any point in time is ajoint function ofthe previous state
of the system, as well as of the perceptual and contextual
inputs. The system as a whole gradually settles into a state
that minimizes the difference between each unit's acti
vation level and its net input; this asymptotic state rep
resents the selected meaning. The implication of this ap
proach is that meaning resolution involves a complex
interaction over time between access and integration. Al
though perception and context provide independent in-
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puts to the system, the model cannot be described as per
forming independent activation in the same sense as that
for the model developed here.

As a consequence of this difference in meaning reso
lution, the two models provide distinct accounts of the
temporal dynamics of meaning resolution. In the inde
pendent activation model, changes in meaning activation
over time are assumed to be a product of the transitory
nature ofthe perceptual input. Although we have suggested
a possible mechanism that could generate the assumed
time course of the access input, this mechanism is, in
principle, external to the meaning resolution process. In
contrast, in Kawamoto's (1993) interactive activation ap
proach, temporal dynamics are inherently a property of
the lexical system. This theoretical distinction could be
evaluated empirically. For example, the approach taken
in the independent activation model implies that tempo
ral dynamics are related to perceptual mechanisms and,
consequently, may be quite different when lexical items
are presented in different perceptual modalities: The res
olution of auditorily presented homophones may follow
a different time course than the resolution ofvisually pre
sented homographs, because two different perceptual sys
tems are involved. In contrast, Kawamoto's model pro
vides no basis for expecting the temporal dynamics to
vary with perceptual modality. The approach taken in the
independent activation model also suggests that there
may be some similarity between meaning resolution
with visual input and the temporal dynamics ofother vi
sual tasks. For example, Busey and Loftus (1994) esti
mated information extraction rates on the order of
0.02 msec : 1 in a task requiring subjects to report briefly
presented digits. This value is similar to the information
sampling rate assumed here for the access process (s =
.0 I msec: 1). In our model, it is natural to find similar time
constants in tachistoscopic letter or digit recognition, be
cause both are determined by the same perceptual mech
anisms. However, according to the interactive activation
approach, temporal dynamics in meaning resolution are
determined by the lexical system, and one would have to
conclude that such a correspondence is coincidental. Our
impression is that the evidence to date on temporal dy
namics is not sufficiently detailed to allow a clear choice
with respect to such predictions.

Another essential difference between the present ap
proach and that of Kawamoto (1993) is in the nature of
meaning representation. His semantic representation con
sists of a set of features that are either present or absent
in a particular interpretation, just as in the distributed
lexical representation described above. However, in his
case, presence is indicated by the value +1, whereas ab
sence is indicated by - 1. As a consequence, all of the
target patterns in Kawamoto's model have the same max
imal length, and fully activating one pattern precludes
the complete activation of any other pattern. In contrast,
the distributed representation developed above assumes
that meanings are coded by only the presence offeatures
and that two meanings could be simultaneously active, if

the constituent features of both meanings are active. In
terestingly, the inability of Kawamoto's model to fully
activate two meanings simultaneously does not prevent it
from predicting something like the exhaustive access
pattern found in many cross-modal priming experiments.
As Kawamoto demonstrated, the model initially acti
vates both interpretations to a certain extent by activating
those units that the two interpretations have in common.
Only later, as the system settles into a single interpretation,
does the activation of alternative meanings decline.

The interactive activation approach generates an im
portant qualitative prediction that is not shared by the in
dependent activation model: In the interactive model, the
peak activation for the subordinate meaning should be
earlier than that for the dominant meaning, and there
should be some period of time in which the activation of
one meaning is increasing while the activation ofthe alter
native meaning is declining (e.g., Figure 6 in Kawamoto,
1993). This follows from the fact that there is some dis
tance between the energy basins corresponding to the
two interpretations of a homograph and that the system
must move away from one basin as it settles into the other.
The independent activation model makes a strong predic
tion to the contrary: The sole source of temporal changes
in the model is the time-varying perceptual input, and
this input is identical for the two meanings of a homo
graph. This implies that one meaning cannot be increas
ing in activation while the other is decreasing. For ex
ample, in the right-hand panel of Figure 6, the dominant
meaning (in its appropriate context) reaches its maxi
mum prior to the peak of the subordinate meaning in the
same (now inappropriate) context and remains fully active
until after the peak ofthe subordinate meaning. Although
some data are consistent with the present predictions (e.g.,
Simpson & Burgess, 1985; Simpson & Krueger, 1991),
the effects are small, and more evidence is required in
order to answer this question.

Another type of interactive activation model was used
by Cottrell (1988) to simulate ambiguity resolution. Cot
trell used a localist representation in which different ho
mograph interpretations were represented by different
nodes; this is similar to our initial exposition of the in
dependent activation model. As a consequence, it shares
with the present model the property that different inter
pretations ofa homograph can be fully active at the same
time. Each of these nodes received both access and inte
gration input in a fashion analogous to our approach.
However, Cottrell's model makes use of interactive acti
vation in order to settle on a particular meaning: Access
input filters through a meaning discrimination net, and
pathways representing distinct meanings are mutually
inhibitory. (A related approach has been explored by
Waltz & Pollack, 1985.) In this type of framework, all
the meanings receive some input initially; the inhibition
will tend to narrow the access input to a single interpre
tation. However, a crucial property ofCottrell's model is
that the interaction of access and integration is limited.
Input from the context is only received by the meaning



nodes, and there is no direct connection between context
and the access pathways. Although contextual influences
may eventually feed back indirectly through access path
ways, this can only occur after meaning nodes have
reached threshold. As a consequence, the system gener
ally produces exhaustive access, and effects of context
are only found after the multiple interpretations have
been activated.

Conceptually, one may divide the operation of the
Cottrell (1988) model into two phases. During the first
phase, access and integration are independent, and the
activation ofmeaning interpretations is comparable with
that assumed in the independent activation model. The
access input in Cottrell's model is itself the product of a
complex interaction among the different meanings of a
homograph that depends on their frequency and seman
tic distance. Just as in the independent activation model,
however, this process is unaffected by surrounding con
text, and the initial activation of the meaning nodes is
simply a function of the sum of the access and the inte
gration inputs. On the other hand, Cottrell's model is un
like the present approach, in that context does not di
rectly inhibit inappropriate meanings. This means that
both meanings of a homograph will be active initially
and that the model does not capture the early effects of
context found by Tabossi (1988, 1989, 1991) and others.

The second phase occurs after the interpretations reach
threshold and start to produce top-down feedback to the
access pathways. During this phase, the system is more
fully interactive, and effects of context intermingle with
the access input, to settle on a single interpretation. Dur
ing this latter phase, the dynamics of meaning activation
are dissimilar to those ofthe independent activation model.
However, there is a sense in which the use of thresholds
in Cottrell's (1988) model is related to the mechanisms
used here. The logistic scaling assumed to represent the
activation of meanings in the independent activation
model minimizes the effect of contextual inputs when
the access input is low; contextual effects are only ob
served when the access and integration inputs combine
to produce moderate levels of net input. This mechanism
is comparable with the use of thresholds in Cottrell's
model; in this case, context only produces feedback when
the combined integration and access inputs activate a
meaning unit above threshold.

In general, we feel that the evidence on homograph
meaning resolution does not permit a definitive choice
between the present approach and simulation models,
such as those of Kawamoto (1993) and Cottrell (1988).
Moreover, each model could be recommended on the
basis ofother criteria. The model of Kawamoto is consis
tent with the growing tradition of interactive activation
models of cognition (e.g., Masson, 1991; McClelland,
1987; McClelland & Elman, 1986; Seidenberg & Mc
Clelland, 1989), which have been argued to be an ad
vance over mathematical or symbolic models because
they describe computation by using biologically plausi-
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ble mechanisms. On the other hand, the independent ac
tivation model builds on the success of the logogen
model of word recognition and other classical models of
perception. Moreover, we have shown above how the
model is consistent with distributed lexical representations
and connection weights that are learned with experience.

Our preference for the independent activation model
is based, in part, on its mathematical tractability: It ad
mits ofa simple formulation that readily generates qual
itative and quantitative predictions under a wide range
of circumstances. Furthermore, some predictions of in
teractive activation models, such as those of Kawamoto
(1993) and Cottrell (1988), may depend on detailed com
puter simulations. As an example, consider the following
prediction. The equations of the independent activation
model imply that the activation levels oftwo meanings of
a homograph always have the same rank order: The mean
ing the system eventually selects will be at least a little
more active at all times, and the contextually inappropri
ate meaning is never more active than the appropriate
meaning, even if it is more frequent. This is consistent
with behavioral data (e.g., Simpson & Burgess, 1985;
Simpson & Krueger, 1991). The same qualitative pattern
is evident in Kawamoto's simulations. However, it is not
clear to us whether this pattern is an intrinsic character
istic ofmodels such as Kawamoto's or whether it depends
on particular aspects of the training regime, stimulus rep
resentations, and initial conditions.

IMPLICATIONS AND EXTENSIONS

Although modularity (or the lack thereof) ofmeaning
access is an important question, our understanding of
meaning resolution must not be limited to this issue. We
need to understand both meaning access and meaning in
tegration, if we are to be able to answer larger questions
about lexical representation and process as they apply to
reading for comprehension. A great proportion ofprevi
ous empirical work with homographs was concerned
with the question ofwhether one or more meanings were
initially accessed. Processes leading to selection and in
tegration of meanings were largely ignored, because the
main interest was the modularity debate, rather than
meaning resolution. However, the evidence indicates that
extreme positions on modularity are not tenable; rather,
the evidence suggests that the focus of ambiguity re
search must be broadened to include the entire meaning
resolution process, not simply the first several hundred
milliseconds of processing (cf. Carpenter & Daneman,
1981). Below, we discuss several issues that are under
specified in the literature on ambiguity resolution: mean
ing suppression, the development of meaning resolution
processes, and the locus ofindividual differences. We see
the independent activation model as providing a focus
and vocabulary for framing these issues, although it is
likely that the model will have to be reworked as further
evidence accumulates.
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Meaning Suppression
A crucial problem, for which there is only a modest

amount ofdata, concerns the fate of inappropriate mean
ings. Data relevant to this question have been obtained in
studies in which context-target lSI is manipulated.
Cross-modal lexical decision and naming data suggest
that, when an inappropriate meaning is activated ini
tially, its activation decreases to minimal or nonexistent
activation with increasing ISIs (Onifer & Swinney, 1981;
Swinney, 1979; Tanenhaus et aI., 1979; Van Petten &
Kutas, 1987). Unfortunately, the studies described above
used a restricted range oflSls and often incorporated an
unspecified level of meaning frequencies and context
types. As a result, the evidence they provide on the time
course of meaning activation is imprecise.

More detailed results were obtained in two studies by
Simpson and his colleagues (Simpson & Burgess, 1985;
Simpson & Krueger, 1991). Simpson and Burgess pre
sented homographs as primes for targets in a lexical de
cision task. They found that facilitation of responses to
subordinate meanings of homographs (relative to unre
lated words) followed an inverted-U pattern, with mini
mal facilitation at an SOA of 16 msec, peak facilitation
at SOAs of 100 and 300 msec, moderate facilitation at a
500-msec SOA, and minimal facilitation at a 750-msec
SOA. Dominant meanings had maximal activation by
100 msec with only a small decline in facilitation at
longer SOAs. Simpson and Krueger's study is the only
one in the literature in which the critical factors of con
text strength and meaning frequency are evaluated over
a range of time intervals. They found an inverted-U pat
tern offacilitation of responses to subordinate meanings
(relative to unrelated words) in nonbiasing contexts across
ISIs of0, 300, and 700 msec (dominant meanings main
tained constant facilitation across ISIs, equal to the peak
level of facilitation for the subordinate meanings at a
300-msec lSI), replicating the results of Simpson and
Burgess. When homograph meanings were primed by
contexts rated as strong but not containing lexical asso
ciates, responses to inappropriate meanings were not fa
cilitated at any lSI (dominant meanings maintained a con
stant level of activation).

Several researchers-have argued that one of the mech
anisms behind these activation patterns must be active
suppression, rather than passive decay alone (e.g., Gerns
bacher & Faust, 1991a, 1991b; Paul et aI., 1992; Simpson,
1984; Simpson & Kang, 1994; Twilley, 1996). Suppres
sion processes are often implicated whenever inappro
priate meanings are less active than appropriate meanings
at short SOAs, because it is unlikely that such immediate
effects would be due to decay processes (Onifer & Swin
ney, 1981; Tanenhaus et al., 1979). In our terms, decay
occurs when a meaning gradually becomes less active,
because of a failure to provide further positive input.
Suppression occurs when the activation level ofa mean
ing is reduced by processes that provide negative, in
hibitory input. Suppression might be exhibited in two
ways. We use the term context-relative suppression to

refer to situations in which the presence of an inappro
priate context suppresses the activation of a meaning to
a level below that which would be obtained with an un
biased (baseline) context. Baseline contexts to be com
pared with inappropriate contexts must be carefully
chosen, so as to minimize bias as to which meaning is in
tended. For example, context-relative suppression could
be implicated in the observation of a lower level of acti
vation of directors following an inappropriate context,
such as He sawed the board, as compared with unbiased
contexts, such as He chose the board or The word is board.
We use the term meaning-relative suppression to refer to
the suppression of a meaning to a level of activation be
low its resting state; this can be assessed by comparing
activation levels of words related to meanings with the
activation level of words unrelated to the homograph.
For example, meaning-relative suppression would have
occurred if directors was less active than detectors fol
lowing He sawed the board (note that unrelated words
should be matched to related words on variables such as
word frequency, number of syllables, etc.).

Evidence for context-relative suppression very early
in processing is mixed. Some researchers found that
meanings are less active in inappropriate contexts than in
unbiased contexts with short SOAs (Schvaneveldt et al.,
1976; Simpson, 1981; Simpson & Krueger, 1991). Paul
et al. (1992) used a Stroop task to measure homograph
meaning activation levels. Their data show that, at 0 lSI,
homograph meanings are less active in inappropriate con
texts (e.g., He had to wear an old cast [dominant mean
ing] and They were all part ofthe cast [subordinate mean
ing]) than in neutral contexts (e.g., You realize that the
word is cast) when evaluated with targets related to high
salient features of the homograph meaning (e.g., actors
is inappropriate to the dominant meaning, and plaster is
inappropriate to the subordinate meaning). With low
salient targets, subordinate meanings (evaluated with
Stroop responses to actors following He had to wear an
old cast) are suppressed, relative to the neutral condition
at 0 lSI, but dominant meanings are equally active in
neutral and inappropriate contexts at 0 lSI. However, tar
get meanings following appropriate contexts were also
less active than those following neutral contexts, causing
interpretation difficulties for Paul et al.s results. Using a
lexical decision task with a O-mseclSI, Kellas et al. (1991)
found identical results: suppression of dominant and
subordinate inappropriate meanings with high-salient
targets and suppression of subordinate meanings, but
neither facilitation nor suppression ofdominant meanings
with low-salient targets. Appropriate meanings were fa
cilitated in all cases except dominant meanings with low
salient targets. In Swinney's (1979) studies, there was no
difference between inappropriate and unbiased condi
tions with short ISIs.

There is some evidence consistent with context-relative
suppression at longer SOAs (e.g., Simpson & Krueger,
1991, for suppression ofsubordinate meanings only). Paul
et al.'s (1992) data show suppression ofdominant and sub-



ordinate inappropriate meanings at a 600-msec lSI. Sub
ordinate appropriate meanings showed suppression at
this lSI with high-salient targets (see above), whereas
dominant appropriate meanings evaluated with high
salient targets showed no suppression or facilitation. With
low-salient targets, neither dominant nor subordinate
meanings showed any appreciable facilitation at a 600
msec lSI. Other data show that meanings are equally ac
tive in inappropriate contexts and unbiased contexts
(Swinney, 1979). In all but the Kellas et al. (1991) results,
cited above, suppression effects were not a focus of the
experiments; the presence of effects was determined by
our post hoc inspection of the conditions. In summary,
although many researchers have argued for the presence
ofsuppression effects, data to support this contention are
suggestive but not overwhelming.

The evidence for meaning-relative suppression is very
weak. At both short and long SOAs, most data provide
no evidence of meaning-relative suppression (Onifer &
Swinney, 1981; Simpson, 1981; Simpson & Krueger,
1991; Tabossi & Zardon, 1993; Tanenhaus et aI., 1979;
Van Petten & Kutas, 1987). Simpson and Kang (1994,
discussed below; see, also, Simpson & Kellas, 1989)
provided the only evidence we know offor meaning-rel
ative suppression.

The independent activation model includes both decay
and context-relative suppression mechanisms. The de
cline in activation of a contextually inappropriate mean
ing over time is due to a reduction in positive input from
perceptual processes. According to our assumptions con
cerning the nature of the access processes, this decline is
caused by the loss of information about visual features in
the stimulus and constitutes a decay mechanism. In ad
dition, the activation levels of inappropriate meanings
are reduced, because of the negative input based on prior
context; this produces context-relative suppression. The
model does not produce meaning-relative suppression,
because the perceptual input is always strong enough to
keep a meaning above its resting level, even when that
meaning is inhibited by an inappropriate context. It is
further assumed in the model that contextual suppression
and enhancement are symmetric (see the earlier discus
sion); that is, context serves to enhance the appropriate
meaning and to suppress the inappropriate meaning to an
equal degree. However, this assumption is only a matter
of convenience, and the model could easily incorporate
the assumption that enhancement and suppression have
different strengths.

One possibility might be to assume in the model that
there is no suppression and that context acts only in a
positive manner to enhance consistent meanings only.
Because of the structure of the model, integration inputs
can trade with the resting level input to produce the same
level of activation. Thus, it is technically possible to pro
duce some of the same patterns of activation without
suppression, if one lowers the resting level input for all
meanings. This would mean, for example, that an inap
propriate meaning would be minimally activated with-
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out contextual support. However, it would also imply
that, when words are encountered in isolation, in the ab
sence of supporting context, none of the meanings would
be fully activated. This seems implausible; consequently,
a suppression mechanism seems to be required for a par
simonious interpretation of the model.

These decay and suppression mechanisms in the inde
pendent activation model are sufficient to account for
much of the time course data reported above. According
to the model, variations in activation over time are due to
changes in the perceptual input to all the meanings. The
existing evidence indicates that this input must reach a
peak around 300 msec after presentation of the homo
graph and that it decays rather slowly thereafter (cf. Fig
ure 3). Furthermore, changes in activationover time should
be independent of context and meaning frequency. Al
though strong context or large differences in meaning
frequency may mask temporal variations in perceptual
input, whenever any variation is observed over time, it
should always follow precisely the same pattern. In par
ticular, a crossover activation pattern, in which one in
terpretation is more active than another at one point in
time but less active later in time, would be inconsistent
with the basic tenets of the model. What evidence there
is on this issue (e.g., Simpson & Burgess, 1985; Simpson
& Kang, 1994) conforms to the prediction of the model
and indicates that activation is at a maximum at around
300 msec for any meaning, irrespective of meaning fre
quency or contextual input.

Evidence for meaning-relative suppression at longer
intervals is more difficult to incorporate into the model.
A clear example of this form of suppression is found in
the results of Simpson and Kang (1994; see, also, Simp
son & Kellas, 1989). In this research, a repetition-priming
procedure was used in which homographs were presented
twice; the measure of interest was level of activation on
the second presentation. Homographs preceded target
words by 200 msec; the task was to name the target word.
The homograph meaning that was related to the target
word was either the same or different across presenta
tions. For example, if bank was followed by save in one
trial and by money on a subsequent trial, the same mean
ing ofbank had to be accessed in both trials. If, however,
bank was followed by save in one trial and by river on a
subsequent trial, the financial meaning ofbank had to be
suppressed to enable responding to the alternate mean
ing. Simpson and Kang found that, when a response was
required to a homograph meaning that had previously
been suppressed, the response to the previously sup
pressed meaning was inhibited to the point where re
sponding was slower than that for unrelated stimuli.
Simpson and Kang found this inhibition to occur only on
the second presentation of the homograph, to be specific
to competing meanings, to be long lasting (across as many
as 12 priming trials), and to be unaffected by meaning
frequency (in contexts that appear to be highly constrain
ing). Meaning-relative suppression with such character
istics cannot be produced by the independent activation
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model as it stands, and other kinds of meaning resolu
tion processes may need to be postulated in order to ex
plain these results. One possibility is relatively long-lasting
reductions in resting levels, analogous to the mecha
nisms in negative priming (see, e.g., Tipper, 1985; cf.
Neill, 1989), although this idea is speculative at this
point. Our view is that the data are too sparse to permit
confidence as to the appropriate avenue for modeling such
effects, and we have not implemented them in the inde
pendent activation model.

Development of Meaning Resolution Processes
A valuable method for discovering the parameters af

fecting any process is to probe development of the pro
cess. Because the critical variables early in development
may differ from those that are critical later in develop
ment, developmental studies can yield important insights
into underlying structures or processes. With respect to
meaning resolution processes, such investigations pro
vide a unique opportunity to disentangle the relative con
tribution ofmeaning access and meaning integration and,
in particular, to evaluate the assumption of the indepen
dent activation model that access and integration are
functionally independent. Evidence that these two pro
cesses follow different developmental pathways would
suggest that access and integration are not intrinsically
dependent on one another. We consider first some of the
available developmental evidence on meaning resolution
with oral language input and then turn to written lan
guage input. In both cases, the independent activation
model provides a straightforward account of develop
mental change.

Swinney and Prather (1989) investigated lexical ac
cess in very young children in a task requiring meaning
resolution. Children heard a sentence over headphones
while looking at a picture. The experimental sentences
were ambiguous, owing to the presence of homophonic
homographs, and the pictures were related to one mean
ing of the homograph. The children simply had to decide
whether the picture was of an edible object or not; the
dependent measure was time to make the edibility re
sponse. Very young children (4.0-4.7 years) made faster
responses following ambiguous sentences than follow
ing unambiguous control sentences (i.e., they showed fa
cilitation) only when the picture was related to the dom
inant meaning ofthe homograph. Somewhat older children
(4.8-5.6 years) showed facilitation when either meaning
of the homograph was suggested by the picture. Swin
ney and Prather interpreted their data as showing that all
children exhaustively access homograph meanings but
that "rise-time" (Swinney & Prather, 1989, p. 237) was
slower for subordinate meanings for very young children.

Simpson and Foster (1986) had children name words
that had been primed by homographs. Students in Grades
2 and 4 showed facilitation for responses to words related
to a meaning of the homograph prime (relative to unre
lated words), irrespective of the dominance ofthe mean
ings (i.e., both dominant and subordinate meanings were

primed). For sixth graders, facilitation occurred only for
responses to words related to the dominant meaning. A
second experiment manipulated prime-target SOA in
order to examine the hypothesis that the age effects might
simply be explained by differential speeds ofprocessing.
Although Simpson and Foster did find differential speeds
of processing for different ages (in support of Swinney
& Prather's [1989] suggestion that "rise-time" varies
with age), these differential rates were not responsible
for the critical finding that meaning frequency effects
develop with age. Simpson and Foster found that, with a
300-msec prime-target SOA, children ofall three grades
(2, 4, and 6) showed facilitation of responses to related
targets over unrelated targets, with no effects of domi
nance. With an SOA of750 msec, however, the sixth grad
ers showed facilitation for dominant associates and inhi
bition for subordinate associates, whereas second and
fourth graders continued to exhibit facilitation of re
sponses to both subordinate and dominant meanings.
Simpson and Foster concluded that sixth graders were
able to use meaning frequency to guide meaning selec
tion but that second and fourth graders were incapable of
doing so.

The findings ofSwinney and Prather (1989) and Simp
son and Foster (1986) form a coherent picture: At very
young ages, children demonstrate access of multiple
meanings for words, but the processes that allow selec
tion on the basis of meaning frequency (and, it is likely,
context; see Simpson & Lorsbach, 1983) remain under
developed until about the age of 12 years (see Simpson,
Krueger, Kang, & Elofson, 1994, for a similar argument).
Very young children activate word meanings somewhat
more slowly than do older children and adults. Because
dominant meanings are activated quickly and easily from
a very young age, the difference in speed of activation
has little effect on dominant meaning activation. How
ever, it results in a shift in the pattern of activation for
subordinate meanings. At short SOAs, as in the Swinney
and Prather study, in which sentences and pictures were
simultaneously present, subordinate meanings are not
yet activated for very young children, although they are
for slightly older children. At intermediate SOAs (such
as the 300-msec SOA condition in Experiment 2 ofSimp
son & Foster), subordinate meanings are active for both
young and older children. Finally, at longer SOAs (such
as the 750-msec SOA condition in Simpson & Foster's
study), the activation of subordinate meanings has begun to
decrease for older children but remains high for younger
children.

The data of Swinney and Prather (1989) and Simpson
and Foster (1986) can be modeled in the independent ac
tivation model simply by assuming that the perceptual
input function is roughly half as fast in younger children
as in older children and adults (see Kail, 1991a, 1991b,
1992, for relevant data). Early in development, the per
ceptual input may increase relatively slowly and remain
strong for a long period oftime. However, as people learn
to decode words more quickly, the access system may



150ms

Stimulus Onset Asynchrony

300ms

MEANING RESOLUTION 75

750ms

Dominant

.80

c
.2 .60
;
;>

ti
<C

.40

.20

Subordinate

Dominant
I I

Subordinate

Dominant

o'----'-----'----'
Younger Older Younger Older Younger Older

Figure 12. Simulation of development of meaning resolution. The three panels show
the predicted activation levels of the dominant and subordinate meanings at stimulus
onset asynchronies of ISO,300, and 750 msec. In each case, the activation levelsare shown
for both the slow access function hypothesized for younger children and the fast access
function hypothesized for older children. The activations for subordinate meanings have
been reduced by .02 for clarity of presentation.

adapt, to produce a more rapid and short-lasting percep
tual input. Presumably, this would allow one to identify
words presented in rapid sequence more easily, as in nor
mal conversation or natural reading. These contrasting
input functions are shown in Figure II. The curve for
older children is the same as that shown in Figure 3 and
was plotted using the default parameters 5 = .01 and d =
.00 I; the curve for younger children was based on rate
parameters of half that size (5 = .005 and d = .0005).
Thus, the two curves have identical qualitative charac
teristics and differ only in the time base. These two input
curves were used to simulate the activation of dominant
and subordinate meanings for younger and older chil
dren. The simulation used the resting levels that were
used previously for dominant and subordinate meanings,
R = - 8 and -10, and an integration input of zero. The
results ofthis simulation are shown in Figure 12. The left
panel depicts the results with a short SOA of ISO msec
that is likely to be representative of the method used by
Swinney and Prather. The calculations were based on
Equation 3, using a fixed value of 150 for t, but with the
different values ofR, d, and 5 representing dominant and
Subordinate meanings and younger and older children.
The middle and right panels show the simulation of the
pattern ofdata observed in Experiment 2 of Simpson and
Foster with SOAs onoo and 750 msec. The results were

calculated as in the left-hand panel, but with values of
300 and 750, respectively, for t. The simulation illustrates
how simple quantitative changes in processing speed can
produce qualitatively different patterns of meaning acti
vation. In keeping with the evidence on the development
of meaning resolution, the simulation shows complete
activation of the dominant meaning for both older and
younger children but slower and longer lasting activation
of the subordinate meaning for the younger children.

Despite the important contribution of the research de
scribed above, the study of the development of lexical
ambiguity processing is impoverished. Little of the re
search in this area has been methodologically rigorous,
and the completed work is far from conclusive. Compre
hension of ambiguous stimuli by children younger than
10 or 12 does not involve rapid suppression of inappro
priate or subordinate meanings; rather, the inappropriate
or subordinate meanings remain activated for at least
750 msec. So, what are the means by which meaning res
olution is accomplished in younger children? Perhaps,
young children must undertake a laborious context
checking procedure in which all the possible interpreta
tions of a stimulus are checked for plausibility before a
decision can be made. Or perhaps integration processes,
as well as access processes, are simply delayed in young
children.
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Any comprehensive account of meaning resolution
must involve a systematic investigation ofthe patterns of
access and integration ofword meanings over time, across
a range of ages, with variations in meaning frequency and
context strength. Many central questions are as yet un
studied. Are context strength effects similar in children
and adults? Do meaning frequency and context strength
effects develop at the same time? An intriguing question
is whether access and integration processes develop sim
ilarly in the oral lexicon and the print lexicon. The an
swer to this question would have important implications
for arguments about the existence of language processes
that are general, rather than modality specific. Further
more, data designed to answer such questions would pro
vide fertile ground on which to test ambiguity-processing
models such as the independent activation model; most
salient is the issue of independence of access and inte
gration. If they are indeed independent, their develop
mental paths would be expected to differ.

Individual Differences in Meaning Resolution
Another approach to understanding meaning resolu

tion processes is to consider individual differences. Like
developmental data, individual difference data can be
used to assess the relationship between meaning access
and integration. For example, ifmeaning access covaries
with some reader-specific variables, whereas meaning
integration covaries with others, it would suggest that ac
cess and integration are functionally independent. In ad
dition, an understanding of the variables that are related
to meaning resolution processes may provide some in
sight into the nature of those mechanisms. In the present
section, we review evidence that individual differences
in processing lexical ambiguity are related to working
memory capacity. In particular, we hypothesize that indi
viduals with large working memory capacity use context
more effectively. We assume that the representation of
prior context is maintained in working memory and that
those with a larger capacity may be able to maintain
more articulated and elaborated representations of that
context. These more extensive representations exert more
of an effect on subsequent lexical representations, and,
as a consequence, these individuals show stronger ef
fects of context in homograph meaning resolution.

One source of evidence on individual differences in
lexical ambiguity processing is a series of experiments
by Gernsbacher and her colleagues (Gernsbacher & Faust,
1991a, 1991b; Gernsbacher, Varner, & Faust, 1990). In
these studies, the stimuli were sentences containing a
lexical ambiguity, followed by test words. The dependent
measure was the time to judge the relatedness of the test
word to the sentence. The results indicated that readers
with high scores on a comprehension test devised by
Gernsbacher and Varner (1988) were less affected by
contextually inappropriate meanings of the homograph;
in other words, high comprehenders were more effective
at using context to suppress irrelevant meanings. This
conclusion is consistent with the hypothesis that working

memory capacity is related to use of context in meaning
resolution, if it is assumed that the high comprehenders
identified by Gernsbacher had relatively large working
memory capacities.

Another source of evidence for the hypothesis comes
from the work ofDaneman and Green (1986). They found
that high working memory capacity was associated with
a superior ability to infer the meanings ofunknown words
from context. Their study did not involve homographs,
but there is a sense in which an unknown word consti
tutes a form of lexical ambiguity; an unknown word is
ambiguous, not because several meanings receive input
from access processes, but because no meaning receives
much input. However, a suitably close synonym of the
unknown word could receive a certain amount of con
textual support, even though it is inconsistent with the
perceptual input. Moreover, if the contextual constraint
is sufficiently strong, the reader may discern the intended
meaning on the basis of this minimal activation of the
synonym. On this view, the extent to which an appropri
ate meaning can be activated without access input pro
vides an index of the strength of the integration input,
since there is no other way for a meaning to become ac
tive. Thus, the finding that high-capacity readers can infer
an appropriate meaning successfully suggests that, for
these readers, a meaning sometimes can be activated
purely on the basis of context. Our interpretation is that the
results both of Daneman and Green and of Gernsbacher
indicate that high-capacity readers show stronger effects
of context.

Daneman and Carpenter (1983) and Miyake, Just, and
Carpenter (1992, 1994) have also argued that working
memory capacity is related to lexical ambiguity resolu
tion. For example, Daneman and Carpenter found that
readers with small working memory capacities were less
likely to be able to resolve misinterpretations of lexical
ambiguities. That is, after reading aloud a sentence con
taining a homograph whose meanings depended on pro
nunciation (i.e., the fish meaning of bass vs. the guitar
meaning), subjects with a small working memory span
were less likely to be able to reinterpret the sentence cor
rectly ifthey had initially mispronounced the homograph.
Results such as these have been interpreted in terms of
the capacity theory ofworking memory proposed by Just
and Carpenter (1992). According to this view, readers
with larger working memory capacities are better able to
maintain activation of multiple word meanings and are,
therefore, better able to resolve interpretation problems
that may arise from ambiguous words. A similar ap
proach to the processing ofsyntactic ambiguity has been
proposed by MacDonald, Just, and Carpenter (1992) and
King and Just (1991).

This account of individual differences in ambiguity
processing is somewhat different from our conclusions,
based on the work ofGernsbacher (Gernsbacher & Faust,
1991a, 1991b; Gernsbacher, Varner, & Faust, 1990) and
Daneman and Green (1986). For example, Gernsbacher's
results suggest that readers with large working memo-
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Figure 13. Simulation ofindividual differences in meaning activation. The left panel
depicts the results effect of changing context after 1,000 msec for high-capacity read
ers with 1 = ±4. The right panel depicts the predictions for low-capacity readers with
weaker integration input (I = ±2).

ries show greater effects of context (an integration pro
cess), whereas the results of Daneman and Carpenter
(1983) suggest that readers with large working memories
are more successful at activating multiple meanings (an
access process). Although it is conceivable that both ac
counts are correct, we prefer a more parsimonious ac
count: In the Daneman and Carpenter studies, the initial
meaning resolution process (based on the perceptual input
and prior context) is conflated with recovery processes
that intervene when the first interpretation of a homo
graph proves incompatible with the subsequent context.
Thus, both Gernsbacher's evidence on the suppression of
inappropriate meanings and Daneman and Carpenter's
on recovery suggest that better readers show stronger ef
fects ofcontext. The difference is that the initial suppres
sion of inappropriate meanings is based on prior context,
whereas recovery in the Daneman and Carpenter para
digm is based on subsequent context.

This account is illustrated in Figure 13, using the
framework of the independent activation model. The
curves show the predicted activations of two meanings
when prior context supports one meaning of the homo
graph and subsequent context is consistent with the other
meaning. The simulation in the left-hand panel used
weak contextual strength in order to produce an exhaus
tive access pattern of activation. The parameter values
were the same as those used in the exhaustive access

simulation shown in Figure 4: I = 4 for the appropriate
meaning, and I = -4 for the inappropriate meaning. As
in the earlier case, both meanings are activated initially,
but the contextually inappropriate meaning is suppressed
within a few hundred milliseconds. In order to simulate
the effect of subsequent context, the context was gradu
ally changed after 1,000 msec, so that by I, 100 msec, the
integration input favored the opposite meaning. In other
words, after I, 100 msec, I = -4 for the meaning that was
initially appropriate, and I = 4 for the meaning that was
initially inappropriate. As is shown in the figure, the
change in contextual input successfully suppresses the
meaning that was active at the outset and activates the other
meaning. This is the pattern of activation that we expect
for high-capacity readers on the basis of the results of
Daneman and Carpenter (1983).

The curves in the right-hand panel illustrate the pat
terns of activation we expect for low-capacity readers.
Our assumption is that readers with low working mem
ory capacity show weaker effects of context, and the
value of I was reduced from 4 to 2 to reflect this differ
ence; in other respects, the simulation was precisely the
same as in the left-hand panel. The figure shows that,
even with the reduced effect of context, the exhaustive
access pattern is still obtained. Initially, both meanings
are activated, and the inappropriate meaning is sup
pressed within a few hundred milliseconds. However, the
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suppression of the inappropriate meaning is somewhat
slower than that predicted for high-capacity readers. This
aspect of the simulation is similar to the pattern of re
sults obtained by Gernsbacher and colleagues in the
relatedness task: Relative to high-capacity readers, low
capacity readers have difficulty suppressing the inap
propriate meaning. Crucially, the simulation in the right
hand panel shows a different pattern when the contextual
input is changed after 1,000 msec. Unlike high-capacity
readers, low-capacity readers fail to strongly reactivate
the meaning that is now contextually appropriate. In this
case, the access input has declined from its initial peak of
around 200-300 msec, and the weaker integration input
assumed for these readers is insufficient to compensate
for the declining input from the perceptual system. Our
interpretation is that these readers would have trouble in
terpreting the sentence correctly under these circum
stances and would be likely to either refixate the homo
graph or misunderstand the sentence. In contrast, our
simulationsuggests that high-capacity readers successfully
reactivate the correct meaning on the basis of the subse
quent context, even without refixating the homograph.

Evidencereportedby Miyake et al. (1994) is qualitatively
consistent with the account illustrated in Figure 13. In that
study, subjects read lexically ambiguous sentences in
which homographs were preceded by nonbiasing contexts.
Readers with large reading spans spent little extra time
reading the subsequent disambiguating region, regardless
ofwhether it was consistent with the dominant or the sub
ordinate meaning ofthe homograph. In contrast, low-span
readers had increased reading times when the subsequent
context was consistent with the subordinate meaning of
the homograph. Presumably, low-span readers had diffi
culty reactivating the subordinate meaning and, as a con
sequence, had difficulty understanding the sentence.
Miyake et al. (1994) interpreted this result as suggesting
that high-span readers had maintained both possible mean
ings of the homographs. However, it also possible that
these readers were simply efficient at reactivating subor
dinate meanings when they were more consistent with the
subsequent context, just as in the simulation shown in Fig
ure 13. In other words, the Miyake et al. (1994) results fit
with the general conclusion that the advantage of high
capacity readers lies in integration processes, rather than
in access processes. It should be pointed out, however, that
Miyake et al. (1994) used long delays between the pre
sentation of the homograph and the presentation of the
disambiguating context, and this would make it difficult to
simulate their results in the independent activation model,
using the parametric assumptions adopted here.

The view that readers with large working memory ca
pacities have stronger integration processes also pro
vides a straightforward account of the pattern of results
observed by Twilley and Dixon (1993). In a relatedness
task similar to that used by Gernsbacher, we had high
and low-capacity readers judge the relatedness of test
words to sentences ending in homographs. The test word
was related to one meaning of the homograph, and the

sentence was either ambiguous (more than one interpre
tation was possible) or contextually biased (so that only
one interpretation was possible). We found that high
capacity readers were less likely than low-capacity read
ers to make errors in judging the relatedness of test words
to ambiguous sentences, as well as to sentences biased
toward a meaning other than that related to the test word.
This finding is paradoxical on the view that high-capacity
readers simply maintain more alternative interpretations;
in that case, one would expect high-capacity readers to
make more errors than low-capacity readers, when faced
with a test word related to an inappropriate meaning,
since the high-capacity readers would be more likely to
maintain the inappropriate meaning than would the low
capacity readers. Rather, the results are consistent with
the view that large working memory capacity is associ
ated with stronger effects of context. This would allow
high-capacity readers to activate multiple meanings when
they are contextually appropriate and to suppress alter
native meanings when they are contextually inappropri
ate and, hence, to make fewer errors for both ambiguous
and inappropriately biased sentences.

CONCLUSIONS

Wehave demonstrated that a simple quantitative model,
the independent activation model, can account for a large
variety ofcomplex patterns ofresults with only a few pa
rameters and some simple and reasonable assumptions
about meaning activation. The model has four substan
tive assumptions: The effects of prior context are imme
diate and constant over the bulk of the meaning resolu
tion process; context serves to symmetrically enhance
appropriate meanings and suppress inappropriate mean
ings; perceptual support for both interpretations of a ho
mograph increases to a maximum within about JOG msec
and decays relatively slowly thereafter; and the activa
tion of a meaning is based on the sum of the input from
access processes and integration processes, together
with an input that determines the resting level of activa
tion. A variety ofevidence suggests that the parameters of
meaning resolution in this model reflect context strength,
development, and reading skill.

The success of this model does not lead us to conclude
that the model is a sophisticated account ofmeaning res
olution; it is not. In fact, we regard the model as one of
the simplest possible accounts that would be capable of
generating any quantitative predictions at all. The model
simply provides a framework for interpreting results and
generating more telling research questions. Instead ofan
answer to the question of the nature of meaning resolu
tion, it is a starting point from which more precise and ex
tensive investigations of the parameters of meaning res
olution can proceed.

As it stands, however, the model provides an interest
ing resolution to the lexical modularity debate. Histori
cally, it has been argued that early effects ofprior context
on meaning activation provide support for nonmodular



positions, whereas the failure to find such early effects
of context provide evidence for the modular position. By
these criteria, recent evidence (that only a single mean
ing of a homograph is made available relatively quickly
in sufficiently constraining contexts) is in favor of the
nonmodular position. This has led to the popularity of
various context-sensitive models. Although this evidence
strongly suggests that meaning access and integration go
on in parallel, we argue that it does not necessarily imply
that access and integration interact. In particular, in the
independent activation model ofmeaning resolution, it is
assumed that meaning access and integration are paral
lel but independent processes, both providing separate
inputs to possible word meanings. Thus, we have demon
strated that interaction between access and integration
processes is not necessary for early context effects to be
observed. Although our model is nonmodular in the
sense that access and integration go on simultaneously,
it is a modular model in the sense that access processes
do not interact with integration processes.

Our view is that further investigations of lexical am
biguity must go beyond the question of modularity and
that research in the area is best served by considering the
entire range of processing involved in arriving at an ap
propriate interpretation of an ambiguous stimulus. Al
though the question of modularity ofaccess is important,
it should not supplant investigation of the broader range
of meaning resolution processes. Our review indicates
that a number of important questions relevant to the
larger question of how meaning resolution is accom
plished have already begun to be answered. Meaning ac
tivation processes are strongly affected by meaning fre
quency and context type in a variety of tasks; context
strength may be best defined as a combination of effec
tive enhancement of appropriate meanings and effective
suppression of inappropriate meanings; integration pro
cesses are potentially fast-acting; developmental research
has indicated that meaning access processes are auto
matic even in prereaders but that integration processes
are not fully developed until late childhood; and variation
in access and integration processes appears to be linked
to working memory capacity and reading skill. Finding
definitive answers to issues such as these provide a
broader and more important research agenda than simply
deciding whether integration processes can affect mean
ing activation within the first 300 msec of processing.
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APPENDIX
Derivation of Meaning Activation
With Distributed Representations

We assume that the vectors representing target meanings
consist ofpatterns of Os and Is, where I would mean that a par
ticular semantic feature is present in the interpretation of a ho
mograph, whereas 0 would mean that it is absent. After suffi
cient training, the output of the system would be arbitrarily
close to the target values. However, because of the nature of
Equation 5, the system can only approximate these values; pro
ducing an output of precisely 0 or I would require that the net
input to the unit be infinite. Consequently, we assume that the
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If the system produces approximately the correct target values
after training, this means that W(A + II) produces Tt, W(A + Iz)
produces Ti, and WA produces (Tt + Tn 12 as net inputs. Equa
tion A2 can then be used to identify the value of W that would
be learned to produce these values. Inparticular, if A, II' and Iz
are orthogonal (independent), the connection weight matrix
would be

(A7)
1+ e-Z(A'+/'+R')

A'= aln~
2 e

r = ~In I ~ f.

This expression can be used to derive the net input to units that
are active in the target pattern-that is,~,when Tlj = I. Because
TI and Tzare orthogonal, it follows that whenever T1j = I, TZj =
0, and consequently, from Equations Al and A3,

1- e1jj = In-
f
-

and Tzj = O. Thus, whenever Tlj = I,~ can be written as A'+ I",
where

and

We assume that the activated features ofthe distributed repre
sentation are available directly to working memory and compre
hension processes. However, as an index ofthe activation ofthe
system, we can measure the extent to which a particular pattern
is active with the normalized dot product of the target pattern
and the output ofthe system. Inthe independent activation model,
we allow several patterns to be active at the same time. Conse
quently, an appropriate index of a pattern's activation requires
normalizing the dot product by the length of the target pattern
alone, rather than by the length of both the target and the out
put. That is, our measure ofthe activation ofmeaning i would be

T.M 1Tij[l+e-Z:Ni+R,I]
-'-= (A6)
II T; liZ ~ TZs: ')

j

Because ~j can only have a value of0 or I, the numerator summa
tion terms need only be evaluated for Tlj = I. Consequently, the
activation of meaning I when presented with input aA + f3/} is

T1,M 11jj[l+e-Z(~'+/'+R'I]
111j liZ LTd

j

[ _Z(~'+/'+R'I]LTlj
= I+e )

I,T1]

j

(A2)

(AI)

training targets for the output meaning vectors consist ofpatterns
of E and I - E (rather than 0 and I), where e is a suitably small
value. The system would be able to match these modified targets
with arbitrary precision after sufficient training. Finally, we as
sume that the resting levels are sufficient to produce approxi
mately 0 output from each unit when there is no input. (In a more
complete development, R would be learned and would reflect
the frequency of various possible meanings.) In other words,

(In this and the following equations, an asterisk superscript is
used to denote an input vector that would produce a given pat
tern of E and I - f after logistic scaling.)

The effect of training with the delta rule on the connection
weights is well established (e.g., Kohonen, 1987). For example,
if a linear associator is trained to produce output B when pre
sented with input C, then the matrix of connection weights has
the form

The present model is similar to a linear associator at the level
of the net input to meaning level; that is, Equation 6 is formally
equivalent to the assumptions made in a linear associator. This
relationship allows us to derive the form ofthe connection weight
matrix in a simple fashion. If the training is successful, the net
inputs would be sufficient to produce patterns ofeand I - E that
approximate the correct target values. We use an asterisk super
script to indicate such net input values, so that a net input vec
tor of Tt produces approximately TI and a net input vector ofTi
produces approximately Tz. These values are given by

(AS) (Manuscript received April 14, 1998;
revision accepted for publication September 23, 1998.)

Similarly, it can be shown that the activation ofmeaning 2 when
presented with aA + 1311 is

These activations are identical to those assumed in the localist
representation in Equation I.

(A8)
Tz·M
IITzli

z I+e-Z(A'-I'+R')

(M)

Comparable results apply if the system is simultaneously trained
on any number ofhomographs and unambiguous words, as long
as the input vectors are linearly independent.

Having learned these connection weights, the system responds
in exactly the same way as the localist representation to access
and integration inputs of various strengths. When presented
with access input ofstrength a and integration input ofstrength
13 in favor ofmeaning I (i.e., aA + 1311)' the net input would be
N = W(aA + 131). Using Equation 10, this becomes

a(. .) 13(. .)N=2 T1 +Tz +2' t; «r, .


