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Abstract

The ambiguity inherent in natural language requires us to make
many decisions about the meaning of what we hear or read. Yet
most studies of natural language understanding have assumed
that although language may be ambiguous, we always make
the right choice when faced with a decision about ambiguity.
Consequently, very little is said about how to recover from in-
correct decisions. In this paper we look at two rare examples
of investigations into recovering from erroneous decisions in
resolving lexical ambiguity. After examining the correspond-
ing theories, we find that what at first appear to be competing
theories can in fact be resolved into a unified theory of lexi-
cal error recovery based upon a highly parallel architecture for
language understanding.

Why error recovery?

Researchers in natural language understanding have often as-
sumed that although spoken or written text may be ambiguous
in many ways, it is not misleading. In other words, it is as-
sumed that when the understander resolves an ambiguity, the
choice that is made is always the correct one. Consequently,
the question of how an understander can correct its mistakes
in interpretation is seldom asked. Yet to ignore the issue of
error recovery in natural language understanding is to ignore
one of the most vital aspects of the human language under-
stander. As the following example, due to Lashley (1951),
illustrates, spoken or written text is often misleading, and
humans frequently appear to be able to recover from mis-
takes in semantic interpretation quite gracefully, without any
conscious awareness that a mistake has been made:

Text1 Rapid righting with his uninjured hand saved from
loss the contents of the capsized canoe.

Pcople will often hear the second word as “writing” and real-
ize their mistake only when they hear “the capsized canoe.”
This ability to recover from errors serves us well. Ambiguity
in natural language allows us to economize in our communi-
cations by eliminating much of what could be said or writ-
ten and relying on the listener or reader to supply the miss-
ing knowledge. By doing so, however, we also increase the
potential for misunderstanding. The ability to recover from
erroneous word sense decisions when resolving ambiguities
is an important compensatory mechanism that allows useful
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communication to continue when the spoken or written text
is misleading. Understanding the error recovery capability of
the human language processor will aid in the development of
more useful language understanding systems, and will lend
insight into the architecture of the human language proces-
sor itself. In this paper we examine two models of lexical
error recovery in text understanding, and show how the two
models might be merged into a single unified model of lex-
ical error recovery under a highly parallel architecture for
language understanding.

Error recovery without text reprocessing

As Text 1 above clearly indicates, it is not necessary to re-
process misleading input in order to recover from erroneous
decisions. When Text 1 is presented aurally, the listener who
hears “writing” instead of “righting” will be unable to re-
process earlier text when the mistake is later revealed after
hearing “the capsized canoe.” Because the memory of the
verbatim text is available for only a short period of time (e.g.,
only until a clause boundary, according to Jarvella (1970)),
some mechanism other than reprocessing must account for
the listener’s ability to recover from this mistake.

A theory of lexical access and disambiguation, called con-
ditional retention, accounts for a human understander 's ability
to recover from an incorrect choice of word meaning with-
out reprocessing the text (Granger, Holbrook, & Eiselt, 1984;
Holbrook et al., 1988). According to this theory, all mean-
ings of an ambiguous word are retrieved, the meaning most
appropriate to the preceding context is chosen, and the other,
less appropriate meanings are temporarily deactivated but re-
tained. If later text contradicts the initially chosen meaning,
the retained meanings are reconsidered in light of the updated
context and a new meaning selected.

The combined deactivation and retention of the meanings
not chosen accomplishes two goals for the language under-
stander. First, it permits the processing at the lexical level to
continue to make immediate decisions about the meanings of
subsequent words in the context of a single, plausible inter-
pretation of the preceding text instead of multiple interpreta-
tions of varying plausibility. If the unchosen meanings were
not completely deactivated, there could be resulting confu-
sion in making decisions about new word meanings. Second,
it allows the retained decisions to be used by other processes
in correcting wrong decisions made by the original process



without reprocessing the original input text, at least for a short
time. Tracking retained meanings allows the error recovery
1o be done without maintaining separate copies of all possible
interpretations of the text processed so far, thus reducing both
storage and processing overhead.

One argument against conditional retention is that several
cross-modal lexical priming (CMLP) experiments have shown
that, within 200 msec after a meaning of an ambiguous word
has been selected, the alternate meanings are as inactive as
unrelated concepts that are used for comparison—they are as
inactive as if they had never been activated in the first place
(Onifer & Swinney, 1981; Seidenberg et al., 1982; Swin-
ney, 1979; Tanenhaus, Leiman, & Seidenberg, 1979). This
model of lexical access and disambiguation is called active
suppression. There are two problems with using this body of
data 1o argue in favor of the active suppression model over
conditional retention. The first is that most of these studies
used texts that ended with the ambiguous word (cf. Onifer &
Swinney, 1981).! For such texts, then, meaning selection will
always occur at the end of the text when there is no chance
of disconfirming information. Under this condition, the con-
ditional retention theory also holds that unsclected meanings
will be forgotten. But these experiments do not test what hap-
pens when the ambiguous word is embedded in the text, with
more text to follow the ambiguous word. Hudson and Tanen-
haus (1984) found that meanings were available longer when
preceded by neutral context and embedded within the text.
Holbrook (1989) has found evidence that unselected mean-
ings are retained when the ambiguous word is embedded in a
longer text. Thus, the CMLP studies that best support active
suppression alone did not include materials that would test
for conditional retention under appropriate conditions. The
second problem is that while the CMLP studies that sup-
port active suppression do in fact demonstrate that unselected
word meanings are very quickly deactivated at the end of
a text, these experiments do not thoroughly test whether the
meanings have been completely forgotten. They use only one
type of measure (reaction time) on two closely-related tasks
(lexical decision and naming).

The experiments above do not address the question of how
recently-deactivated word meanings might differ from those
which have been inactive for a much longer duration. This
difference might appear as different degrees of sensitivity
to re-activation while processing additional input, or some
other quality that does not correspond to the relative activa-
tion level and is therefore immeasurable in CMLP studies.
Furthermore, lexical decision tasks and lexical naming tasks
are good for acquiring data about subjects’ response times,
which in turn correlate to the degree of facilitation of the in-
dividual word meanings. However, the conditional retention
theory suggests that retention may not show up as facilitation
because retained meanings have been de-activated. This sug-
gests the need for an experimental methodology other than

! Although Onifer and Swinney (1981) used texts that continued
for several words after the ambiguous word, their materials were not
as carefully controlled as has become common; specifically, meaning
frequency, number of syllables of probes, and similar issues could
have erased effects of meaning retention.
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the lexical decision or lexical naming task.

New experimental evidence

We designed a study which uses a binary forced-choice task
Lo test for conditional retention of unselected meanings across
scntential boundaries. The forced-choice task offered the abil-
ity to detect indirectly the existence of conditional retention
by studying the subjects’ decisions instead of their response
times. The use of texts with sentences following the ambigu-
ous word allowed us to test whether suppression of unselected
word meanings always occurs at the end of a sentence, or
whether meanings can be retained when information with the
potential to change the representation is at hand.

In this experiment, subjects were asked to read short texts
of one to three sentences in length. Experimental texts were
two sentences in length, and the others were filler texts. Filler
texts were of varying length in order to ensure that subjects
would not know whether there was more information to be
added to the representation after their word choice. This
provided the appropriate conditions under which retention is
thought to occur. There were two types of experimental texts
that are important to the current discussion:

¢ Consistent bias surrounds ambiguous word: The con-
text preceding the ambiguity biases towards one meaning
but does not preclude the other. The context following
the ambiguity provides information requiring the original
biased-for meaning.
Example: Mary realized that she had examined the wrong
bat. She took it back and got one that was aluminum.

e Conflicting bias surrounds ambiguous word: The con-
text preceding the ambiguity biases towards one meaning
but does not preclude the other. The context following the
ambiguity provides information consistent with the early
context but requiring the unselected meaning.

Example: Mary realized that she had examined the wrong
bat. She took it back and got one that was male.

The texts were presented on a computer monitor a few
words at a time, with each group of words replacing the group
before it. An information probe was displayed on the monitor
at one of two points in the text: either between the ambiguous
word and the disambiguating text or after the disambiguating
text. The probe consisted of a pair of words, and the subject’s
task was to decide which of the two words was more related
to the text. The choice was indicated by pressing one of two
buttons, each corresponding to one of the two probe words.
An example of materials presentation is shown below:

Mary realized
that she had examined
the wrong bat. She took
it back and got
CAVE PITCH
one that was
male.

The first line would appear, centered on the monitor, for 640
msec. The second line would then replace the first line for



consistent
bias Cell 1 Cell 2 Cell 3
surrounds || correct | incorrect || correct | unrelated || incorrect | unrelated
(n=18) word word word word word word
CR 75 25 100 0 100 0
AS 100 0 100 0 50 50
data 61 39 89 11 94 6
conflicting
bias Cell 4 Cell 5 Cell 6
surrounds || correct | incorrect || correct | unrelated || incorrect | unrelated
(n=27) word word word word word word
CR 25 75 100 0 100 0
AS 0 100 50 50 100 0
data 33 67 70 30 85 15

Table 1: Predictions and results at early probe point during forced choice task.

640 msec, and so on. When the two capitalized probe words
appeared on the screen, the subject would press a designated
key on the left side of the computer keyboard if he or she
thought the word on the left was more appropriate to the text
than the word on the right, or would press a designated key
on the right side of the keyboard if the word on the right was
thought to be more appropriate. Presentation of additional
text did not continue until the subject pressed one of the two
keys.

An early probe point and a late probe point were used for
cach text in a between-subjects design. The early probe point
occurred some time after the ambiguous word but before the
disambiguating information in the second scntence. The late
probe point occurred at the end of the second sentence, after
the disambiguating information had been presented. (For the
sake of brevity, we will discuss only the results obtained at
the early probe point in detail.) The probe word pairs were
rotated between three types of words: a word related to the
meaning of the ambiguous word that was correct at the end
of the text, a word related to the incorrect meaning at the end
of the text, and a word unrelated to either meaning or to the
text as a whole. In the example above, the three words used
were “PITCH,” “CAVE,” and “PAIR.” “PITCH” is related
to the baseball meaning of “bat,” and is more appropriate
at the early probe point.2 “CAVE” is related to the animal
meaning of “bat,” and is more appropriate to the text at the
late probe point. “PAIR” is unrelated to either meaning of

The bias of the first sentence of each text was guaranteed with
two groups of informants. The first group, naive judges, read and
paraphrased each sentence. Those sentences which were paraphrased
1o reflect one meaning in 100% of the paraphrases were read by
a second group of informants. These judges were informed that
each sentence contained an ambiguous word. Each sentence read
by this second group was followed by the two target words that
were semantically related to the ambiguous word at the end of the
sentence. The informants were asked to choose the word more
related to the meaning of the sentence, or to indicate that both were
equally related. A text was used in the experiment if the intended
target word was chosen more than 80% of the time and was never
judged as related to the other target word.
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the ambiguous word or the text.

In this experiment, the theories of conditional retention
and active suppression are set up as opposing theories, so
it is useful to compare the two theories’ predictions of the
outcomes for the different conditions of this experiment. The
predictions of the subjects’ responses at the early probe point,
and the data gathered at this point are summarized in Table 1.
This table refers to three types of word stimuli. Correct word
stimuli are words related to the meaning of the ambiguous
word that could be integrated with context at the conclusion
of the text. Incorrect word stimuli are words related to the
meaning of the ambiguous word that could not be integrated
with context at the conclusion of the text. Unrelated word
stimuli are words that were unrelated to either meaning of
the ambiguous word at any point in the text. The tables
give predicted choices as percentages of the total number of
responses.

The first type of text reported in Table 1, called “consis-
tent bias surrounds,” was designed so that the context which
occurs before the ambiguous word is encountered biases to-
wards one mcaning of the ambiguous word. Thus, the reader
will have enough information from the text on which to base
a decision, and will choose the meaning which is more re-
lated to the previous context. The context which follows the
ambiguous words for these texts agrees with the context that
precedes the ambiguous words, so the meaning choice that
was made remains correct throughout the text.

Conditional retention (CR) predicts that the unselected
meaning of the ambiguous word will be retained throughout
the text, and that this will cause interference in the forced-
choice task between the correct and incorrect probe words
(Cell 1). The simplest model of this interference is that it will
be reflected in 25% of the responses (the intermediate point
between a prediction of no interference, which would be re-
flected in 0% of the choices, and complete interference, which
would be reflected in 50% of the choices). However, when
the correct word is paired with the unrelated word (Cell 2),
there is no reason to select the unrelated word over the correct
word because it is not being retained. Therefore, the correct



word should always be chosen in this condition. When the
incorrect word is paired with an unrelated word (Cell 3), the
incorrect word will always be chosen by virtue of its rela-
tionship to the retained meaning of the ambiguous word.

Active suppression (AS) makes a different set of pre-
dictions. When a meaning for the ambiguous word is se-
lected, the unselected meaning will be actively suppressed.
At the point of the forced-choice tlask, the suppressed mean-
ing should have no effect on the word chosen in the task.
Thus, in Cell 1, active suppression predicts that the correct
word will be chosen 100% of the time. In Cell 2, the subject
again will always choose the correct word. In Cell 3, there is
no reason to suppose that the incorrect word is chosen with
more probability than the unrelated word. The conditional
retention theory is supported by the results for all three con-
ditions, while the active suppression theory is supported only
by the results of Cell 2.

The other type of text reported in Table 1, called “conflict-
ing bias surrounds,” was designed so that the context which
occurs before the ambiguous word is encountered biases to-
wards one meaning of the ambiguous word. During the mean-
ing decision process for the ambiguous word, the meaning
that is a better fit with the previous context will be chosen.
The context which follows the ambiguous words for these
texts disagrees with the context that precedes the ambiguous
words, so the meaning that is contextually appropriate at the
early probe point will be inappropriate at the end of the text.
Correspondingly, the probe word that is correct at the end of
the text in in “‘consistent bias” texts is incorrect at the end of
“conflicting bias” texts, and the probe word that is incorrect
in the former case is correct in the latter.

In Cell 4, conditional retention and active suppression both
predicta significant effect of context type and target type. Al-
though significance did not obtain, a binomial probability test
supported the conditional retention theory. Conditional reten-
tion predicted this difference in Cell 5, but active suppression
did not. In Cell 6, both theories predicted the finding. Con-
ditional retention is again supported by all three conditions,
whereas active suppression is only supported by one condi-
uon.

Overall, the weight of the evidence from this experiment
clearly supports the conditional retention theory. The two
theories predicted different results in four of the six different
test conditions shown in Table 1: Cells 1, 3, 4, and 5. Anal-
ysis of the data showed that the conditional retention theory
predicted the results better than the active suppression the-
ory did in all four cells. An analysis of the data obtained
with a late probe point also supported the conditional reten-
tion theory (Eiselt, 1989; Holbrook, 1989). Holbrook (1989)
performed two additional related experiments which also sup-
port the conditional retention theory over active suppression.
Still further support comes from another experiment which
used a divided visual field methodology to find that the time
course of the activation and suppression of two meanings of
an ambiguous word followed significantly different paths in
the different hemispheres of the brain (Burgess & Simpson,
1988). When the ambiguous word was presented only to the
right visual field, and therefore to the left hemisphere of the
brain, the more likely meaning was activaled while the less
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likely meaning was suppressed, much like active suppression.
When the ambiguous word was presented to the left visual
field, however, the right hemisphere kept the less likely mean-
ing active and suppressed the more likely meaning, indicating
that a form of retention was taking place.

Error recovery with text reprocessing

The evidence offered above strongly indicates that the hu-
man language processor does have a mechanism which would
enable recovery from errors in lexical ambiguity resolution
without text reprocessing. Yet common sense tells us that er-
ror recovery by backtracking and reprocessing is also a viable
option. In fact, studies of human readers’ eye fixations during
the reading of misleading texts indicate that one method used
by readers for recovery from lexical decision errors is simple
reprocessing of the text. The following passage was used in
an experiment by Carpenter and Daneman (1981, p. 137):
Text 2 The young man turned his back on the

rock concert stage and looked across the
resort lake. Tomorrow was the annual one-day
fishing contest and fishermen would invade
the place. Some of the best bass

guitarists in the country would come to this
spot. The usual routine of the fishing resort
would be disrupted by the festivities.

Subjects in this experiment were asked to read passages
such as the one above while the duration and location of their
eye fixations were automatically recorded. In the example
above, most readers initially interpreted the word “bass” as a
kind of fish because the preceding text is biased toward this
interpretation. The interpretation is contradicted, however,
by the next word, “guitarists,” which forces a reinterpretation
of “bass” as a low-frequency musical note. Carpenter and
Daneman found that most readers’ eyes fixated on “bass,”
then moved forward to and fixated on *“guitarists,” then re-
gressed back to “bass,” moved forward to “guilarists” again
and continued reading the remainder of the passage.

The reprocessing heuristic is just one of several error re-
covery heuristics proposed by Carpenter and Daneman. An-
other heuristic involves making a larger-than-normal infer-
ence encompassing both the inconsistent concept with the
preceding text. This is done, they say, if the contradiction
is only “mildly semantically inconsistent” and does not in-
volve a syntactic inconsistency (Carpenter & Daneman, 1981,
p. 141). Still another error recovery heuristic is to continue
reading the text with the expectation that later information
will resolve the inconsistency.

In addition to permitting error recovery without reprocess-
ing, Carpenter and Daneman’s theory also demonstrates the
need for retention of some sort. Their proposed heuristic
of checking the previous text for words that caused process-
ing difficultics, such as ambiguous words, does not specif-
ically address how the rcader knows which word or words
to reread, but Carpenter and Daneman theorize that difficul-
ties encountered during processing may leave a memory trace
which makes finding the ambiguous word much easier, The
Carpenter and Daneman model follows the premise that the



activation levels of those concepts not selected for use in the
interpretation either decay or are actively dampened to a base
level, which would preclude the possibility that the memory
trace is represented as activation, so this model strongly sug-
gests a retention mechanism which is related to but distinct
from the activation mechanism.

Integrating the models

We have seen experimental evidence for two different the-
ories of recovery from erroneous word sense choices, one
relying on reprocessing of the text, and the other relying on
conditional retention. If we believe the evidence, then both
approaches to error recovery are used by the human language
understander, although perhaps in different situations. This
apparent dichotomy gives rise to the following question: how
does the language understander know the difference between
these two situations? That is, how does the reader know
when to backtrack and when to use retention to recover from
an erroneous lexical decision?

Characterizing the differences

Consider again the two experiments discussed above, Target
texts used by Carpenter and Daneman were mulli-sentence
passages containing an ambiguous word that had two differ-
ent pronunciations and a different word sense associated with
each pronunciation. The passages were constructed so that
the initial context more strongly primed for one meaning of
the ambiguous word. In half of the passages, information that
was inconsistent with the primed meaning followed the homo-
graph, while in the other half of the passages, the information
following the ambiguous word was consistent with the primed
meaning. A single passage was presented at once, thereby
allowing the reader to backtrack as necessary. This construc-
tion is illustrated by Text 2, presented earlier. Of particular
interest here is how closely the disambiguating information
follows the ambiguity. In Text 2, the disambiguating infor-
mation is the word immediately following the ambiguity. A
survey of Carpenter and Daneman’s target texts reveals that
the disambiguating information was seldom separated from
the ambiguity by more than two words, it was always in the
same sentence as the ambiguity, and it was usually in the
same clause as the ambiguity.

On the other hand, the targel texts used in our experiment
consisted of two sentences. The ambiguous word was always
the last word of the first sentence, and the disambiguating
information was contained in the second sentence. The text
was presented to the subject in parts, so that only a few words
of the entire text were available at any one time. In addition,
the presentation was constructed so that therc was at least one
line of text presented on the monitor after the line containing
the ambiguous word and before the line containing the dis-
ambiguating information. In other words, there was always
at least a 640 msec delay between the reading of the ambigu-
ity and the reading of the disambiguating information—long
after active suppression of less appropriate word meanings
should have taken place.
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Resolving the differences

The essential difference between the two experiments, at least
for the purposes of this discussion, can be summarized as
follows: Carpenter and Daneman’s experiment establishes a
situation conducive to error recovery by reprocessing, and
subjects demonstrated reprocessing behavior. Our experiment
prevented subjects from backtracking, and subjects exhibited
behavior consistent with conditional retention. In either case,
the subjects appeared to make the best use of whatever infor-
mation was available to them to interpret the target text cor-
rectly.

As noted above, Carpenter and Daneman propose a suite
of error recovery heuristics, of which reprocessing is just one
example. We propose, however, that the two different er-
ror recovery techniques described herein, reprocessing and
retention, can be explained by a single mechanism. Recall
that Carpenter and Daneman suggest that processing difficul-
ties, such as word sense ambiguities, leave a memory trace to
the ambiguous word which is independent of the activation
levels of the word senses themselves. This is supported by
their observations of subjects’ eye movements which indicate
that subjects did not simply reread the text; instead, the eye
movements indicale that the subjects searched selectively for
the source of the ambiguity.

It is not entirely clear that this memory trace or pointer
to the ambiguous word is different from the retained but un-
chosen meanings of that ambiguous word. However, because
research indicates that memory for verbatim text is limited by
clause boundaries (Jarvella, 1970), and Carpenter and Dane-
man’s experiment tested only very small separations between
the ambiguous word and the following disambiguating in-
formation, we can assume that the pointer to the ambiguous
word has a relatively brief life span. In contrast, conditional
retention effects persist across clause boundaries, so we as-
sume that the pointer to the ambiguous word exists indepen-
dently of the retained meanings (although this remains to be
explored).

Following this assumption, we propose that a reader’s error
recovery process works as follows:

1. Upon reading an ambiguous word, the reader selects the
context-appropriate meaning, deactivates but retains the un-
selected meanings, and retains a pointer to the source of
the ambiguity.

2. If disambiguating information which conflicts with the cho-
sen meaning follows the ambiguity, the reader attempts (o
reinterpret the text by first following the memory trace back
to the source of the ambiguity and making a new choice of
meaning based on the additional contextual information.

3. If the memory trace no longer exists, either because of
a clause boundary or because the actual text is no longer
available, the reader will then attempt to reinterpret the text
in light of the additional context by re-evaluating the re-
tained meanings, although the actual word which gives rise
to those different meanings is no longer known. A compu-
tational model of such a mechanism, called ATLAST, has
been implemented successfully using a marker passing (or
spreading activation) architecture to retrieve and evaluate



the alternate meanings in parallel. This work is described
in greater detail elsewhere (Eiselt, 1987; 1989).

4. The process as described so far is essentially automatic
or unconscious. However, if the retained meanings are
no longer available, perhaps because of time or working
memory limitations, the reader will not be able to resolve
the contradiction without devoting attentional cognitive re-
sources to the problem (i.e., conscious and unselective
rereading of the text).

We are currently in the process of revising ATLAST along
these lines, in order to test the plausibility of our theory of
lexical error recovery. ATLAST's parallel marker passing ar-
chitecture is well suited to this task, making the revisions
fairly straightforward. Adapting a more traditional serial lan-
guage processing architecture to this task would be far more
problematic.’> In addition, we are designing an experiment
to test the validity of this theory. Briefly, this experiment
will involve using Carpenter and Daneman’s target texts in
the forced-choice paradigm we employed in our experiment
described above. In this new paradigm, for example, the

reader of a text like Text 2 would be unable to look back

at the ambiguous word *“bass” after reading “guitarists.” If
our theory is correct, the reader should still be able to arrive
at a new correct interpretation of the text, even though the
option of reprocessing the text has been eliminated, because
of conditional retention.

Conclusion

There has been very little study of lexical error recovery, and
the two theories of lexical error recovery herein at first glance
seem to be contradictory rather than complementary. We have
demonstrated in this paper, however, that it is possible to
combine these two theories into a simpler unified theory of
lexical error recovery. This unified theory of lexical error
recovery is consistent with a highly parallel model of human
language understanding.
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