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A considerable amount of research has been devoted
to examining how different sources of constraint influence
the processing of lexically ambiguous words. From this
research, it is clear that contextual information and rela-
tive meaning frequency both impact lexical ambiguity
resolution (Binder & Morris, 1995; Dopkins, Morris, &
Rayner, 1992; Duffy, Morris, & Rayner, 1988; Neill, 1989;
Neill, Hilliard, & Cooper, 1988; Rayner, Pacht, & Duffy,
1994; Simpson, 1984). Exactly how these sources of infor-
mation combine to influence the resolution process has
been a greatly debated question. At issue is whether the
language processing system can be viewed as highly in-
teractive (see, e.g., Marslen-Wilson, 1975) or modular in
nature (Forster, 1979). Lexical ambiguity has proven to
be a useful tool in understanding the nature of the lan-
guage processing system in that activation of only the con-
textually appropriate meaning (selective access) provides
evidence for an interactive view, while activation of both
meanings (exhaustive access), in spite of biasing context,
suggests a modular system.

A number of recent eye movement studies have exam-
ined how lexically ambiguous words are processed (Binder
& Morris, 1995; Dopkins et al., 1992; Duffy et al., 1988;
Rayner & Duffy, 1986; Rayner & Frazier, 1989; Rayner
et al., 1994; Sereno, 1995; Sereno, Pacht, & Rayner, 1992).
In these studies, readers’ eye movements were monitored
as they read sentences or short paragraphs, and fixation

time on an ambiguous word or a control word (that was
matched in length and frequency) was measured. A con-
sistent pattern of results has emerged from these studies.
When neutral context precedes the ambiguous word, read-
ers fixate longer on balanced ambiguous words (words
that have two equally likely meanings) than on biased
words (words that have one dominant interpretation) or on
an unambiguous control word. However, readers spend
significantly more time in the disambiguating region fol-
lowing the target word in the case of biased words that
are disambiguated toward the subordinate interpretation.
When disambiguating information precedes the ambigu-
ous word, the pattern of results is quite different. Fixation
times are longer on the biased ambiguous words when the
preceding context favors the subordinate meaning than
on either the balanced words or the unambiguous control
words. Rayner et al. referred to this latter finding as the
subordinate bias effect and found that it is obtained even
when subjects read passages in which the subordinate
meaning of the ambiguous word was repeated across the
passage, and the global context of the passage was biased
toward the subordinate interpretation. Thus, Rayner et al.
concluded that the subordinate interpretation of a biased
ambiguous word was not selectively accessed.

The best account of the overall pattern of data is pro-
vided by the reordered access model (Duffy et al., 1988).
According to this model, the resting activation of the two
meanings is roughly equivalent in the case of balanced
ambiguous words. The context that precedes the ambigu-
ous word works to boost the activation of the contextu-
ally relevant meaning so that it is accessed prior to the con-
textually inappropriate meaning. As a result, lexical access
time is not increased because no subsequent selection pro-
cess is required. The contextually appropriate meaning
is integrated with the prior context in the same manner as
the unambiguous control word. In the case of biased am-
biguous words, however, the preceding biasing context
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Eye movements were recorded in order to examine how different sources of information—namely,
meaning dominance and strength of biasing context—influence the processing of biased ambiguous
words. Gaze durations were longer on ambiguous target words when the preceding context instanti-
ated the subordinate interpretation, even with strongly biasing contexts. Identical results were ob-
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boosts the activation of the subordinate meaning so that
it is accessed at or near the same time as the dominant in-
terpretation. The resulting inflated processing times on
these words are due to a time-consuming selection pro-
cess between the meanings. Thus, this account suggests
that access of lexically ambiguous words is exhaustive,
but not autonomous, in that factors such as relative mean-
ing frequency and contextual bias influence the order in
which the words are accessed.

Another model that also takes into consideration mean-
ing frequency and contextual bias is the context-sensitive
model proposed by Kellas and colleagues (Kellas, Mar-
tin, Yehling, Herman, & Vu, 1995; Kellas, Paul, Martin,
& Simpson, 1991; Kellas, Vu, Martin, & Herman, 1994;
Paul, Kellas, Martin, & Clark, 1992). In contrast to the re-
ordered access model, selective access of a biased am-
biguous word can occur because context that precedes the
ambiguous word can activate either one meaning or both
meanings depending on the strength of the context. That
is, when the context is weak, relative meaning frequency
will have a greater influence in the meaning activation
process. However, when the prior context is strongly bi-
ased toward one interpretation, only the contextually ap-
propriate meaning will be activated regardless of mean-
ing frequency. In contrast to the above-mentioned eye
movement studies, experiments that have been used to sup-
port this position do not demonstrate the subordinate bias
effect when the context that precedes the ambiguous word
is strongly biased; rather, the subordinate bias effect has
been obtained only when the context has been weakly bi-
ased toward the subordinate interpretation (Kellas et al.,
1995; Kellas et al., 1991; Paul et al., 1992).

Kellas et al. (1995) argued that the discrepancy between
their results and those obtained by Rayner et al. (1994)
was due to the lack of strongly biasing contextual infor-
mation in the Rayner et al. passages. However, another
alternative for why some studies obtained evidence of se-
lective access of the subordinate meaning is task differ-
ences (in Kellas’s experiments, self-paced reading, nam-
ing, and Stroop tasks have all been used). That is, some
tasks may not be sensitive enough to detect multiple ac-
cess. In order to directly examine these explanations, we
obtained copies of the passages that were used in the
Kellas et al. (1995) study and carried out two experiments
using these passages. In these experiments, the influence
of two different sources of information (meaning domi-
nance and strength of preceding context) on word pro-
cessing was examined. In Experiment 1, subjects’ eye
movements were monitored as they read two sentence
passages, which created a bias consistent with either the
dominant or the subordinate meaning of the ambiguous
word. In Experiment 2, the self-paced reading procedure
employed by Kellas et al. (1995) was used. The biasing
context was the first sentence of the passage, and it (1) es-
tablished a character who was performing an activity or
(2) described an attribute of the character. The context of
the initial sentence established either a strong or a weak
bias for the intended meaning. The second sentence al-

ways began with a pronoun that referred to the character
introduced in the initial sentence followed by a verb and
then the ambiguous word. We created control conditions
by replacing the ambiguous target word with an unam-
biguous word that was matched on length and frequency
(see Table 1 for example passages). The predictions that
follow from the reordered access model and the context-
sensitive model are quite straightforward. According to
the reordered access model, the subordinate bias effect
will be obtained even when the preceding context is
strongly biased. According to the context-sensitive model,
the subordinate bias effect will be obtained when the con-
text that precedes the ambiguous word weakly biases the
subordinate meaning, but the effect will not surface when
the context is strongly biased.

EXPERIMENT 1

Method
Subjects. Twenty-eight students at the University of Massachusetts

participated in the study. They either received class credit or were paid
$8 for participating. All subjects had uncorrected vision and were na-
tive English speakers.

Procedure. Each subject read a series of short passages presented on
a computer screen. Subjects were told to read for comprehension and
that from time to time they would be asked a question about the passage
they just read, which could be answered by responding “yes” or “no.”
In addition, it was stressed that they should read normally, including
rereading if necessary. After each subject understood the procedure and
informed consent was obtained, a bite bar was prepared to minimize
head movement. The eyetracking system was then calibrated to the sub-
ject. This procedure took approximately 5 min for each subject.

At the beginning of each trial, five boxes appeared on the screen and
the subject was instructed to look at the left-most box. Once the exper-
imenter had determined that the subject was fixating the box, the pas-
sage was presented on the screen to begin the trial. When the subject
was finished reading the passage, he/she pushed a button, ending that
trial. Subjects were asked comprehension questions on approximately
25% of the passages (they answered correctly 97% of the time). No in-
dividual items were excluded from the analyses on the basis of answers
to comprehension questions.

Apparatus. Eye movements were recorded by a Fourward Tech-
nologies Dual Purkinje Image eyetracker. Although viewing was binoc-
ular, only the right eye was monitored. The eyetracker has a resolution
of 10′ of arc. The system was interfaced with an Epson Equity III com-
puter. The passages were presented in a double-spaced format on a Sony
monitor. The subject was seated 80 cm from the monitor, with four let-
ters of text subtending 1º of visual angle. The brightness of the screen
was adjusted for each subject to ensure comfort. The passages were two
lines long, with approximately 60 characters per line.

Table 1
Example Passage From the Experiment

Weak Context Strong Context

Dominant

The agent revealed the strategy. The robber rushed out the door.
He described the bluff (offer) He came from the bank (shop) with
to the other officers. both guns blazing.

Subordinate

The scout returned home. The alligator saw the food.
He described the bluff (cliff ) He came from the bank (edge) with
to the little children. a quick lunge.

Note—The target word is italicized, and the unambiguous control word
is in parentheses.
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Materials. Thirty-two ambiguous words1 were chosen for Experi-
ment 1. Each of these words was embedded into two paragraph frames—
one that biased the dominant sense of the ambiguous word and one that
biased the subordinate interpretation. Half of the ambiguous words were
preceded by strongly biasing context, while the remaining words were
preceded by weakly biasing context.2 In addition, control conditions
were established by replacing the ambiguous target word with a word
matched on length and frequency according to the Francis and Kučera
(1982) norms. The average word frequency for the ambiguous words
was 59, while the mean for the control words was 57. Thus, three fac-
tors were manipulated: meaning biased by the context (dominant or sub-
ordinate), strength of context (strong or weak), and word type (am-
biguous or control). All manipulations were made within subjects, using
a Latin square design. In addition to the 32 experimental passages, 48
filler passages were used. The passages were presented to each subject
in a different random order.

Results and Discussion
Gaze duration on the target word, or the sum of all

consecutive fixations on a word before leaving that word
(not including any regressions), was measured.3 If the
target word was not fixated, the closest fixation within
three letter spaces to the left and one letter space to the
right of the target was counted as the fixation during which
the target word was processed (Rayner & Pollatsek, 1989).
In addition, the first fixation following the target word
was examined as a measure of spillover processing time
(Rayner & Duffy, 1986). Fixations under 120 msec were
eliminated from the analysis because such short fixations
are thought to reflect oculomotor programming (Morri-
son, 1984). Fixations longer than 800 msec were assumed
to be the result of momentary track losses or eye blinks
and were also eliminated. Altogether, 7% of the data
were eliminated from the analyses.

Gaze duration on the target word. More time was
spent on ambiguous target words when the preceding
context instantiated the subordinate meaning than in the
other conditions (Table 2). Subjects fixated on the am-
biguous target word for 299 msec when the subordinate
meaning was instantiated and for 276 msec when the
dominant meaning was instantiated by the context. Gaze
durations on the control words were 271 and 278 msec
for the subordinate and dominant conditions, respectively.
This pattern was maintained regardless of contextual
strength. This was demonstrated by a significant inter-
action of dominance and word type [F1(1,27) � 6.8,
MSe � 1,824, p < .01, and F2(1,31) � 5.3, MSe � 2,090,
p < .04]. Importantly, the three-way interaction, which
was predicted by the context-sensitive model, was not
significant (Fs < 1). Post hoc tests revealed that gaze du-
rations on the ambiguous subordinate target word dif-
fered from the gaze durations in the other three conditions
( ps < .05), which did not differ from one another (ts < 1).

There are two ways to assess the subordinate bias effect.
One way, which has typically been used in eye movement
experiments, is to compare the gaze duration on the am-
biguous target word with its appropriate control word.
For the strong-context condition, this yielded a 33-msec
effect ( p < .01), while for the weak-context condition the
effect was 24 msec ( p < .05). A second way, which was
used by Kellas et al. (1995), is to compare when the dom-

inant meaning of the ambiguous word is instantiated
with when the subordinate meaning is instantiated. This
comparison yielded a 34-msec subordinate bias effect
( p < .01) for the strong context and a marginally signif-
icant 13-msec effect for the weak context ( p < .10).

First fixation following the target word. More time
was spent on the first fixation following the ambiguous
target word when the preceding context weakly sup-
ported the subordinate interpretation (Table 2). This was
borne out in the three-way interaction, which was sig-
nificant by subjects [F1(1,27) � 4.1, MSe � 1,217, p <
.05] and marginally significant by items [F2(1,31) � 3.04,
MSe � 1,970, p < .07]. A two-way analysis of variance
(ANOVA) for word type (target vs. control) and meaning
dominance (dominant vs. subordinate) when the context
was weakly biasing revealed that spillover fixations for
the ambiguous subordinate target word differed from the
fixations in the other three conditions [F1(1,27) � 4.84,
MSe � 2,445, p < .05; F2(1,15) � 5.31, MSe � 1,950,
p < .05]. There were no significant differences among
the conditions when the preceding contextual strength
was strong (all Fs < 1). Thus, strength of context had a
clear effect on the f irst f ixation following the target
word. For the strong context, there was no difference be-
tween the ambiguous word and its control when the sub-
ordinate meaning was instantiated (nor was there a dif-

Table 2
Processing Time for the Target Word

and Spillover (in Milliseconds)

Target Word Spillover

Context Dominant Subordinate Dominant Subordinate

Experiment 1

Weak
Target 281 294 250 281
Control 281 270 252 254

Strong
Target 271 304 265 269
Control 274 271 266 265

Experiment 1A

Weak
Target 300 (316) 325 (304) 260 (263) 267 (281)
Control 303 (287) 302 (275) 256 (262) 262 (254)

Strong
Target 277 (300) 270 (283) 252 (265) 266 (269)
Control 269 (288) 278 (262) 262 (266) 255 (250)

Experiment 2

Weak
Target 553 571 512 552
Control 554 556 496 512

Strong
Target 510 556 499 498
Control 503 517 501 508

Note—For Experiments 1 and 1A, the time on the target word is the
gaze duration and the spillover time is the duration of the next fixation.
For Experiment 2, the spillover time is for the next word in the text. The
values in parentheses for Experiment 1A represent the mean gaze du-
rations once the problematic items were removed from the full set of
materials provided by Kellas et al. (1995).
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ference between the dominant and the subordinate mean-
ings). However, the pattern was quite different for the
weak context. Specifically, the subordinate meaning
yielded fixations that were 27 msec longer than those for
the control word ( p < .01), and the subordinate meaning
yielded fixations that were 31 msec longer than those for
the dominant meaning ( p < .01).

The results of Experiment 1, then, with respect to the
target word, are consistent with results reported in previ-
ous eye movement experiments and support the reordered
access model. However, the question remains why we
obtained a different pattern of data from that of Kellas
and his colleagues (1995). As mentioned in the introduc-
tion, the discrepancy between the pattern associated with
the two positions has been attributed to differences in the
task, the materials, or a combination of these factors. In
Experiment 2, we specifically examined the extent to
which task differences may account for the difference,
but here we will focus on the materials.

Initially, we ran the entire materials set from the Kel-
las et al. (1995) study. Using their full set of materials,
we recorded the eye movements of 24 subjects and ob-
tained a pattern very similar to the one they reported (see
Experiment 1A in Table 2). However, after the study was
run, a careful analysis of the items used by Kellas et al.
(1995) revealed three potential concerns. First, accord-
ing to our local norms, as well as the Twilley, Dixon, Tay-
lor, and Clark (1994) norms,4 14 of the ambiguous words
used by Kellas et al. (1995) were balanced ambiguous
words. Previous eye movement experiments have demon-
strated that when context precedes a balanced ambigu-
ous word, processing time on the ambiguous word is not
different from that on an unambiguous control word
(Binder & Morris, 1995; Duffy et al., 1988; Rayner & Fra-
zier, 1989). That is, the context works to boost the activa-
tion of the contextually appropriate meaning so that it is
accessed prior to the inappropriate meaning. Thus, pro-
cessing differences (and hence gaze duration differ-
ences) are not expected between the ambiguous words and
control words. Second, in seven of the items, again ac-
cording to local norms and the Twilley et al. norms, the
bias information was reversed (contexts biasing the dom-
inant meaning were really biasing the subordinate mean-
ing). Third, there were three items in which the different
contexts (dominant biasing and subordinate biasing) ac-
tually biased the same meaning. To illustrate this point,
consider the following example of the ambiguous word
date. The dominant biasing context was, “The student
made an error. He forgot the date on the final exam.” The
subordinate biasing context was, “The boyfriend was
thoughtless. He forgot the date of the birthday party.” Both
contextual forms refer to the dominant meaning of date,
while the subordinate meaning (fruit) is absent from ei-
ther context. Frazier and Rayner (1990) demonstrated that
words with multiple senses (as in the date example) yielded
a different pattern of reading times than did truly lexically
ambiguous words.

Given these concerns with the full materials set, we
did two things. First, we eliminated the problematic items
from the data set; the resulting means (see the values in
parentheses in Table 2) were quite consistent (when the
ambiguous target words are compared with the control
words) with the data we obtained in Experiment 1. Sec-
ond, and more importantly, because there was random
variability due to the lack of counterbalancing in the cor-
rected means from Experiment 1A, we selected the remain-
ing items and ran the experiment reported earlier. The
results of the eye movement experiments led us to sus-
pect that the difference between the pattern of results was
due to the materials used. However, the possibility re-
mained that task differences might account for the dif-
ferences. In particular, since self-paced reading yields
longer times per word, and since we did obtain a pattern
like Kellas et al. (1995) obtained in self-paced reading
on the spillover fixation, it might be that the slower pro-
cessing characteristic of self-paced reading would yield
the pattern of data obtained by Kellas et al. for the re-
fined set of materials. Experiment 2 was carried out to
examine this possibility.

EXPERIMENT 2

Method
Subjects. Thirty-six students at the University of Massachusetts par-

ticipated in the study. They received class credit for participating.
Procedure and Materials. Each subject read the passages from Ex-

periment 1 on a computer screen. A word-by-word self-paced reading
procedure was used in which subjects advanced through the text by
pushing a button to display the next word in the text. The locations of
to-be-read words were indicated by dashes. Except for the difference in
the method used to assess reading times for the target words, all other
aspects of the study were the same as in Experiment 1. Subjects an-
swered the comprehension questions correctly 98% of the time.

Results and Discussion
Reading time on the target word was measured. In ad-

dition, the time on the word that followed the target word
was examined as a measure of spillover. As seen in Table 2,
the pattern of results from Experiment 2 were nearly iden-
tical to that of Experiment 1.

Reading time on the target word. More time was
spent reading the ambiguous target word when the pre-
ceding context instantiated the subordinate meaning than
in the other conditions. Readers looked at the ambiguous
target word for 563 msec when the subordinate meaning
was instantiated and for 532 msec when the dominant
meaning was instantiated by the context. Reading times
for the control words were 537 and 529 msec for the sub-
ordinate and dominant conditions, respectively. As in
Experiment 1, this pattern was maintained regardless of
contextual strength, as demonstrated by a significant
interaction of dominance and word type [F1(1,35) � 7.3,
MSe � 3,268, p < .05, and F2(1,31) � 6.7, MSe � 5,897,
p < .05]. Once again, the three-way interaction predicted
by the context-sensitive model was not significant (Fs <
1). Post hoc tests revealed that reading time for the am-
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biguous subordinate target word differed ( p < .05) from
reading times in the other three conditions, which did not
differ from one another.

Using the two methods described earlier to assess the
subordinate bias effect, we again found that the effect is
larger with the strong context than with the weak con-
text. Specifically, when responses to the ambiguous tar-
get word were compared with those to its control word,
the subordinate bias effect was 39 msec (p < .01) for the
strong context and 15 msec (p < .08) for the weak context.
When the two meanings of the ambiguous word were com-
pared, the subordinate bias effect was 46 msec ( p < .01)
for the strong context and 18 msec (p < .07) for the weak
context.

Reading time for the next word. More time was
spent reading the word following the ambiguous target
word when the context weakly supported the subordinate
meaning (Table 2). This was borne out in the three-way
interaction [F1(1,35) � 5.6, MSe � 3,268, p < .05, and
F2(1,31) � 4.56, MSe � 5,687, p < .05]. A two-way
ANOVA for word type (target vs. control) and meaning
dominance (dominant vs. subordinate) when the context
was weakly biasing revealed that reading time for the
ambiguous subordinate target word differed from the
reading times in the other three conditions [F1(1,35) �
5.3, MSe � 2,357, p < .05; F2(1,15) � 4.9, MSe � 3,269,
p < .05]. There were no significant differences among
the conditions when the preceding contextual strength
was strong (all Fs < 1).

GENERAL DISCUSSION

The purpose of the present experiments was to examine how sources
of information, namely meaning dominance of biased ambiguous words
and strength of biasing context, influence the processing of ambiguous
words. The results of the experiments were quite straightforward. More
processing time was spent on the ambiguous target words when the pre-
ceding context instantiated the subordinate sense (the subordinate bias
effect) than on the unambiguous control words or on the ambiguous tar-
get words when the context biased the dominant interpretation. Al-
though this pattern was maintained, statistically speaking, regardless of
contextual strength, careful examination of the data revealed that the
subordinate bias effect was stronger for the strong context than for the
weak context. That is, the subordinate bias effect was on the order of
33–46 msec for the strong-context condition (with the effect computed
either by subtracting the time spent processing the control word from
that spent processing the ambiguous word or by subtracting the times
for the dominant condition from those for the subordinate condition)
across the two main experiments reported here. By contrast, the subor-
dinate bias effect was on the order of 13–24 msec for the weak context.
This pattern was obtained in both experiments (eye movements as well
as the self-paced reading experiment). This pattern of results is quite
consistent with the reordered access model, since the stronger context
would serve to more readily boost the subordinate interpretation of the
ambiguous word than would the weaker biasing context. Strength of
context clearly influenced the spillover measures examined here. When
the context weakly biased the subordinate meaning of the ambiguous
word, more time was spent on the first fixation following the target
word in Experiment 1 and on the word following the ambiguous target
word in Experiment 2 compared with all other conditions.

A selective access model has difficulty accounting for the subordi-
nate bias effect. If context aids the selection of the appropriate sense, it

is unclear why the selection process would take longer for the biased
words. Thus, the pattern of data for both experiments reported here for
the target word is inconsistent with the context-sensitive model of lex-
ical ambiguity processing (Kellas et al., 1995). We also note at this point
that in addition to collecting the norming data on the strength-of-context
manipulation (see note 2), we also collected similar norms on the strength
of the biasing contexts used by Duffy et al. (1988). In two separate
norming studies, subjects were told that they would be reading short
sentences (Duffy et al. norming task) or passages (Kellas et al., 1995,
norming task) that contained a word that had more than one meaning.
Prior to each sentence or passage, the ambiguous word was presented
along with a short definition of the meaning that was intended by the
sentence or passage. This was followed by the presentation of the sen-
tence or passage up to and including the ambiguous target word. The
subject was asked to rate how well the context biased the provided
meaning of the ambiguous word. Interestingly, we found that Duffy
et al.’s contexts were rated as stronger than the strong contexts of Kel-
las et al. (1995): On a 7-point scale (1 � weakly biasing; 7 � strongly
biasing), the Kellas et al. contexts received a rating of 5.1, while the
Duffy et al. contexts received a rating of 5.9. This fact, together with the
results of the experiments reported here, clearly indicate that strong bi-
asing context does not eliminate the subordinate bias effect. We suspect
that Kellas et al. obtained a different pattern of results due to the mate-
rials they used. Of course, we do not know whether the Nelson et al.
(1990) norms are appropriate for Kellas et al.’s (1995) subjects. How-
ever, the local norms we have collected seem more consistent with the
Twilley et al. (1994) norms than with the Nelson et al. norms. Given
that there are obviously geographical differences in the norms, perhaps
the most appropriate procedure is to collect local norms.

Although the pattern of data on the target word was not consistent
with the context-sensitive model, the spillover data were consistent with
the predictions from this model. When the preceding context weakly bi-
ased the subordinate interpretation, inflated spillover processing times
following the target word were associated with the ambiguous target
compared with those in the other conditions. There are two plausible
explanations for this effect. First, it is possible that although strong con-
text did not produce selective access on the target word itself, it may
have aided in the resolution process so that processing difficulty did not
continue past the ambiguous target word. The second alternative is sim-
ply that initially, the weak context did not provide enough support for
the subordinate interpretation. Thus, the conflict between the two mean-
ings was delayed until the word following the target.

Overall, the pattern of data was not consistent with the context-
sensitive view of lexical ambiguity processing (Paul et al., 1992). The
data are consistent, however, with the reordered access model (Duffy
et al., 1988), which suggests that in the case of biased ambiguous words,
the preceding biasing context boosts the activation of the less frequent
meaning so that it is accessed at or near the same time as the dominant
interpretation. The resulting inflated processing times on these words
are due to a time-consuming selection process between the meanings.
Contrary to the selective access accounts, this model suggests that ac-
cess of lexically ambiguous words is exhaustive, but not autonomous,
in that factors such as relative meaning frequency and context influence
the order in which the words are accessed.
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NOTES

1. The original Kellas et al. (1995) materials consisted of 56 am-
biguous words. However, according to local norms, 14 of those items
were balanced ambiguous words, so they were removed from the mate-
rials. An additional 10 items were removed for other reasons (see text
for details).

2. Strength of context was established in a norming task conducted
by Kellas et al. (1995). Subjects rated the strength of the context pre-
ceding the target word on a scale from 1 to 5 (1 � weakly biasing; 5 �
strongly biasing). For their entire set of materials, the average strength
rating for the strongly biasing context was 3.7, and the average strength
rating for the weakly biasing context was 1.99. The strength ratings
were averaged across dominant and subordinate meanings. For the set
of materials that we used, the average strength rating for the strongly bi-
asing contexts was 3.8, and the average strength rating for the weakly
biasing contexts was 1.99. There was no overlap in the distributions for
the two context types. It should also be noted that we collected norm-
ing data from 24 University of Massachusetts subjects and obtained
similar ratings.

3. Another measure of processing time that is often reported is the
first-fixation duration, which is the duration of the first fixation on a
target word independent of the number of fixations that are made on the
word before moving to another word. As with prior studies of lexical
ambiguity using eye movement measures, the pattern of the first-fixation
duration data was the same as that of the gaze duration data.

4. Kellas et al. (1995) used the norms of Nelson, McEvoy, Walling,
and Wheeler (1980) to determine whether an ambiguous word was bi-
ased or balanced; 80% of the items in their sample were from the Nel-
son et al. norms (personal communication). For the 14 words that we ex-
cluded because they were balanced words according to our local norms
and the Twilley norms, there is clearly a discrepancy with the Nelson
norms. The average bias for these words according to the Nelson norms
was .79, but according to the Twilley norms it was .61, and according
to our local norms, it was .58. Clearly, the local norms and the Twilley
norms are quite consistent, while the Nelson norms are different. Re-
gional differences apparently are significant factors when using norms
of these types. It should be noted that we collected our local norms by
having subjects evaluate a list of words (both ambiguous and unam-
biguous). The subjects were instructed to provide the first word that
came to mind and then to use the original word in a sentence.
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