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The time course of the retrieval of antec
anaphoric reference was examined in four ex
paragraphs that appeared one word at a time

edent information during the processing of
periments. In each experiment subjects read
on a CRT screen. At unexpected times, they

were given a single-word recognition test. Response times and error rates for these tests
indicated that both the referent (e.g., car) of a superordinate anaphor (e.g., the vehicle) and
concepts in the same proposition as the referent become activated as early as 250 mil-
liseconds after the anaphor is read. The referent remains activated as the sentence is read,
but the activation of other concepts dies away. The results are interpreted as support for the
proposal that antecedent information is initially retrieved in the form of propositions, but
only certain concepts from these propositions, those that are important for establishing text

structure, remain activated.

One feature of a coherent text is that
many of its sentences refer to concepts in-
troduced earlier in the text. A concept such
as a car might later be referred to as the
car, the vehicle, or simply ir. This type of
reference is called anaphoric, or backward,
reference.

Anaphoric reference plays a critical role
in propositionally-based theories of text
comprehension, which define the structure
ofa text as an interconnected set of propo-
sitions (e.g., Anderson, 1976; Anderson &
Bower, 1973; Kintsch, 1974; Rumelhart,
Lindsay, & Norman, 1972). According to
these theories, two propositions are di-
rectly connected if they have at least one
concept in common, that is, if the two
Propositions are statements about the same
t.hing. Thus, if a comprehender, whether a
listener or 4 reader, is to recover the text
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structure, he or she must be able to recog-
nize when concepts are repeated. Upon
reading an anaphor (a word that refers to a
previous concept), the comprehender must
identify its referent and establish the con-
nection between the propositions contain-
ing the anaphor and the referent.

Our experiments address two issues con-
cerning the processing of anaphoric refer-
ence in reading. First, exactly what gets
retrieved from memory when the anaphor is
first encountered? Second, what'is the time
course of this retrieval process?

One way to restate these issues is in
terms of activation. When a reader en-
counters an anaphor, what are the concepts
that then become activated, and when, and
for how long, are they activated? Presum-
ably, at some point after the anaphor is
read, its referent becomes activated, re-
flecting successful retrieval. Both McKoon
and Ratcliff (1980) and Chang (1980) have
shown that an anaphor activates its referent
at least by the end of the sentence contain-
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ing the anaphor. In McKoon and Ratcliff’s
study subjects read short paragraphs. The
last sentence of each paragraph contained
either a superordinate anaphor (e.g., the
vehicle) which referred to a word (e.g., car)
in the first sentence, or contained no
anaphor, A recognition test for the referent
(car) was given immediately following the
final sentence. It was found that recognition
responses were faster when the final sen-
tence contained the anaphor than when it
did not, and it was concluded that the
anaphor activates its referent. Chang’s
(1980) experiments and conclusions were
similar. He found that recognition re-
sponses for a person’s name (e.g., John)
were faster when a final clause contained a
pronoun referring to the person than when
it did not.

Is the referent the only concept that
is activated by processing an anaphor?
Kintsch and Vipond (1978) proposed that
when a concept from a text is activated,
both the concept and the propositions con-
taining it are activated. In other words, in-
formation about concepts is really retrieved
in the form of propositions, rather than just
concepts themselves. Applying this idea to
the retrieval of referents implies that an
anaphor should activate the proposition
containing the referent as well as the refer-
ent itself. In particular, one would expect
that concepts in the same proposition as the
referent (hereafter called the referent’s
companions) would be activated by an
anaphor. As an example, consider the fol-
lowing two sentences (from McKoon &
Ratcliff, 1980):

A car sped around the corner out of control.

The vehicle smashed into some empty boxes.
The anaphor vehicle should activate the
referent car and its companions corner and
sped around, if the entire proposition is re-
trieved. McKoon and Ratcliff (1980) found
that this was indeed the case. When a com-
panion to the referent was given as a test
word following the sentence mentioning the
anaphor, response times were speeded rel-
ative to the condition in which there was no
anaphor in the final sentence. Thus there is
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evidence that the entire proposition is actj.
vated.

There are, however, many unanswereq
questions regarding the retrieval of ante-
cedent information during text processing,
Specifically one would like to know the
time course of the retrieval process. Mc-
Koon and Ratcliff’s (1980) and Chang’s
(1980) experiments tested words after the
clause containing the anaphor was read.
Does the activation of referents wait untjl
the end of the clause as might be expected
from the notion that most significant gram-
matical processing occurs at clause bound.
aries (e.g., Bever & Hurtig, 1975)? Or does
it occur immediately when the anaphor s
encountered? Also, do the referent and its

companions become activated at about the '

same time? One would expect so if it is
truly the proposition that is retrieved.

We attempted to answer these questions
by adapting the item recognition paradigm
used by McKoon and Ratcliff (1980) so that
we could give an unexpected single-word
recognition test at any time while the sub-
ject reads the paragraph. McKoon and
Ratcliff’s subjects read paragraphs that
were presented one sentence at a time on a
CRT screen and the subject controlled his
or her reading speed. The test word ap-
peared after the last sentence was read. In
order to be able to test recognition in the
middle of sentences, we present words one
at a time, with each word in a sentence
turning on 250 milliseconds after the previ-
ous one. The whole effect is something like
a neon sign, which starts out blank, and
then slowly reveals its message a word at a
time. By the end of the sentence all the
words are displayed. Then the sentence
disappears and the next sentence is pre-
sented in the same way. In this way, a test
word can be presented at any point, after
any word of the text. A test word is pre-
sented all in capital letters and underlined
by asterisks, and when it is presented any
part of the sentence that is on the screen
disappears. With this procedure, it is possi-
ble to measure the state of activation of a
previously presented word at a specific
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point by presenting that word for a recog-
nition decision. 7 .

The four experiments reportedhere used
the paragraphs from McKoon and Ratcliff
(1980), one of which is given in Table 1.
Each paragraph occurred in a version
which contained a superordinate anaphor in
the last sentence referring to a word from
the first sentence, and in a version which
had no anaphor in the last sentence. Across
the experiments we tested the activation of
the referent (burglar), a companion (ga-
rage), and a control word from a different
sentence (bottles), with both versions of the
paragraph, and at various points in the final
sentence. These test positions are labeled
by numbers in the example in Table 1. Es-
sentially we were interested in the speedup
or ‘‘priming’’ in recognition responses
brought about when the final sentence
mentioned the anaphor (the criminal) over
that when the final sentence did not men-
tion an anaphor (a cat). To the extent that
there is priming at a given test position with
a given test word (referent, companion, or
control), we can conclude that the test word
was activated by the anaphor.

EXPERIMENT 1

The first concern is to see if one can get
any priming at all in this paradigm. Hence
we first used only the referent (burglar) as a
test word. Because it is already known that
the referent is activated at the end of the
clause (Chang, 1980; McKoon & Ratcliff,
1980), we tested three positions within the
clause, positions 2, 3, and 4. These posi-
tions represent 250, 500, and 750 mil-
liseconds after presentation of the anaphor
or the control word. If the activation pro-
cess is rapid and automatic, priming should
be.obtained at all of these positions includ-
ing position 2 (250 milliseconds).

Method

Subjects. Twenty-four Dartmouth stu-
dents participated for extra credit in an in-
troductory psychology course.

Materials. The paragraphs from McKoon
and Ratcliff’s (1980) study were used.
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TABLE 1
AN EXAMPLE OF THE PARAGRAPHS USED
IN THE EXPERIMENTS

Critical word (referent of anaphor): burglar
Companion word: garage
Control word: bottles

Sentence 1: A burglar surveyed the garage set back
from the street.

Sentence 2: Several milk bottles were piled at the curb.

Sentence 3: The banker and her husband were on
vacation.

Sentence 4: (Version 1, anaphor):
The, criminal, slipped; away, from the; streetlamp. ¢

Sentence 4 (Version 2, no anaphor):
A, cat, slipped, away, from theg streetlamp.

Note. The number subscripts represent test positions.

There were 60 paragraphs like that pre-
sented in Table 1. The first sentence of each
paragraph contained a critical word as the
first noun (e.g., burglar). The second and
third sentences did not repeat or refer to
this word. (However, the paragraphs were
not unnatural.) There were two possible
fourth sentences for each of these para-
graphs. In version one, the category to
which the critical word belonged was the
first noun (e.g., criminal). In the second
version, the first noun was a word not re-
lated to the critical word (e.g., car). Except
for the first noun and its associated deter-
miner (a, the, some, etc.), the two versions
of the fourth sentence were identical, and
they were always single-clause sentences.
In addition to these experimental para-
graphs there were 75 filler paragraphs which
varied in length from two to six sentences.
Forty of these were to act as negatives
(trials in which the test word was not in the
paragraph) and 35 as positive fillers whose
purpose was to prevent subjects from de-
veloping hypotheses regarding the length
and structure of the experimental para-
graphs and the position of the test word.
Procedure. Subjects were tested in
groups of either one or two in a single 50-
minute session. Presentation of all materi-
als was controlled by a microcomputer
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driven by Dartmouth’s time-sharing com-
puter system.

Each subject received 10 practice para-
graphs before receiving the 60 experimental
and 75 filler paragraphs. Presentation of
each paragraph began with an instruction,
for the subject to press the space bar orl' a
CRT keyboard to initiate the paragraph.
When the space bar was pressed, the first
word of the paragraph appeared in the
upper left part of the CRT screen. Then,
250 milliseconds later, the second word ap-
peared to the right of the first in the same
line, separated by a single space. The first
word remained on the screen. The remain-
ing words of the sentence then appeared,
one at a time, every 250 milliseconds, in
exactly the same way—separated by a
space, with all previous words in the sen-
tence remaining on the screen. If the words
of a sentence could not be presented on-a
single line, the display carried over to the
next line. After the final word of the sen-
tence appeared, all the words remained on
for an additional 600 milliseconds. Then the
words disappeared, and 500 milliseconds
later the next sentence was presented in the
same way.

Subjects were told to read the para-
graphs, and that, at some time during the
presentation of one of the sentences of each
paragraph, a single test word would appear.
The test word was presented in capital let-
ters (unlike the words of the paragraphs
which were in normal case) and was under-
lined with a row of asterisks. It appeared
immediately to the right of the last pre-
sented word on the same line, and when it
appeared all the words of the current sen-
tence disappeared.

Subjects were instructed to press the />’
key on the keyboard if the test word was in
the paragraph, the ‘7"’ key if it was not,
and to respond quickly and accurately. If
the subject made an incorrect response, the
word ERROR appeared on the screen, and
if not, the response time was presented.
Following this feedback, the signal to begin
the next paragraph came on. With minimal
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practice, subjects adapted easily to the
reading and test procedures.

The conditions of interest were repre-
sented in the 60 experimental paragraphs.
For these paragraphs, the fourth sentence
was either version one, containing ap
anaphor (criminal) for the critical word
(burglar), or version two, containing ,
control word. In addition, the test word,
which was always the critical word (bur-
glar), was presented in either test position 2
(immediately after the anaphor or its cop.
trol), position 3 (one word later), or position
4 (two words later). Thus, the test word ap-
peared either 250, 500, or 750 milliseconds
after the anaphor or its control.

The order of presentation of the experi-
mental and filler paragraphs was random,
and this order was changed for every sec-
ond subject.

The six experimental conditions (2 ver-
sions of the paragraphs x 3 test positions)
were crossed with six groups of subjects
(four per group) and six sets of paragraphs
(ten per set) in a Latin square design. Thus,
each subject saw ten paragraphs in each
condition, and the condition associated
with each paragraph set was rotated across
subject group.

Results and Discussion

For analyses of the response times, only
correct responses were included. Analysis
of variance was performed on the means for
each condition for each subject (F | Statistic)
and the means for each condition for each
paragraph (F, statistic). (This was true of all
subsequent analyses in all experiments.)
The means of the subject by condition
means are presented in Table 2 along with
the error rates.

As can be seen, response times were
more rapid when the fourth sentence men-
tioned an anaphor to the test word than
when it did not, F((1,23) = 4.5, p < .05;°
Fy(1,59) = 5.2, p < .05. This effect oc

curred at all testword positions as indicated 1

by the means and by the lack of an interac-
tion between test word position and para
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TABLE 2
RESULTS FROM EXPERIMENT 1

Test position
Paragraph
version 2 3 4

Test word—Referent (burglar)
585 (10.4) 588 (10.4)

602 (8.8) 609 (14.2)

1 (anaphor)
2 (control)

591 (6.3)
626 (7.5)

Note. Response time is in milliseconds and error rates
(parentheses) are percentages. The average error MS for the
subject mean response times was 4381.

graph version, F, < 1; Fy; < 1. The only
significant effect in the error rates was a dif-
ference over test word position in the sub-
Jects analysis, F(2,46) = 4.0, p < .05.

Clearly the anaphor activated the critical
word, and did so rapidly, possibly within
250 milliseconds and definitely within 500
milliseconds. However, at this point it can-
not be concluded that the critical word was
activated because it is the referent of the
anaphor. It could have been activated
solely because it is semantically related to
the anaphor. In the second experiment we
included a companion (garage) as a test
word in addition to the referent (burglar). If
the companion is activated in the same way
as the referent, it would be difficult to argue
that the activation is due to semantic prim-
ing rather than to the retrieval of antecedent
information. This result would also support
the position that propositions rather than
concepts are retrieved when an anaphor is
processed.

The second exXperiment used different
test positions than the first, including one
immediately before the anaphor. In this po-
sition, there should be no priming of either
referent or companion because the only
difference between the two versions of the
Paragraphs js that in version one, the word
the has occurred whereas in version two,

either the word a or the word some has
OCcurred,

EXPERIMENT 2
Method

Subjects. Forty-eight subjects from the
$ame population participated.
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Materials and procedure. This experi-
ment used the same materials and proce-
dure as the previous one with two excep--
tions. First, the additional factor of test
word type was introduced. The test word
was either the first noun of the first sen-
tence (the referent, burglar, as before) or a
noun from the same proposition as the first
noun (the companion, garage). Secondly,
the test positions were position 1 (immedi-
ately before the anaphor or its control),
position 3 (500 milliseconds after the ana-
phor), or position 5 (1250 milliseconds
after). Thus there were 12 conditions (2
paragraph versions x 3 test word positions
X 2 test words). Conditions were assigned
to paragraph and subject groups using a 12
X 12 Latin square, so that each subject did
five paragraphs in each condition, and so
that, across the experiment, each paragraph
participated equally in the conditions.

Results

The means of the subject by condition
means are shown in Table 3. The largest
effect was that of the test word. When the
test word was the referent, response times
were substantially shorter than when it was
the companion, F(1,47) = 56.7, p < .00001;
F(1,59) = 44.0, p < .0001. As in the first
€xperiment, response times were faster for
the version mentioning the anaphor than for
the version mentioning the control word
F\(1,47) = 58,p < .05; Fy(1,59) = 53,p<
.05. But, as would be expected, this effect
interacted with test word position, F 1(2,94)
=4.0,p < .05; Fy2,118) = 3.1,p < .05. In
test position 1, before the anaphor or its
control, there was no effect of sentence
version. This result is not entirely trivial
because the sentences containing the
anaphor have the determiner ‘‘the”” and
the control versions have either “‘a’ or
‘‘some’” and this difference has occurred by
test position 1. By test position 3, the effect
of paragraph version is strongly established
for both test word types, 41 milliseconds for
the anaphor’s referent (burglar) and 45 mijl-
liseconds for the companion (garage). This
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difference is reduced by test position 5 to 26
milliseconds for the referent (though still
significant, p < .05), and is completely
wiped out at this position for the companion
(1 millisecond). However, we are not in a
position to conclude that the patterns differ
for the two test words because the triple
interaction of test word, paragraph version,
and test position was not significant. How-
ever, there was this triple interaction on the
analysis of error rates, F(2,94) = 4.9, p <
01,p < .01; F{2,118) = 7.0, p < .01. This
interaction can be easily seen in the error
rates presented in Table 3. In test position
1, there is little or no effect of paragraph
version for either test word. In position
two, there are more errors associated with
the control version than with the version
containing the anaphor for both test words.
However, by position 5, the patterns differ
for the two test words. When the test word
is the referent of the anaphor, the error rate
is substantially lower when the anaphor is
present (3.8%) than when it is not (12.1%).
But when the test word is only in the same
proposition as the referent of the anaphor,
there is no advantage associated with men-
tioning the anaphor. In fact, we obtained
more errors (20%) in the condition where
the anaphor is present than in the control
(16%) for this test position and word com-
bination. The only other significant effect
for errors was a clear superiority for the
referent over the companion, F (1,47 =
32.6,p < .0001; F(1,59) = 13.9, p < .001.

TABLE 3
RESULTS OF EXPERIMENT 2

Test position

Paragraph
version 1 3 5
Test word—Referent (burglar)

1 (anaphor) 653 (10.0) 641 (7.5) 651 (3.8)
2 (control) 650 (8.8) 682 (11.3) 677 (12.1)
Test word—Companion (garage)

1 (anaphor) 721 (13.8) 700 (14.2) 718 (20.8)
2 (control) 720 (16.2) 745 (19.2) 719 (16.2)

Note. Response times are in milliseconds and error rates (in
parentheses) are percentages. The average error MS for the
subjects analysis of response times was 7237.
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Both the response times and error rateg
support the contention that the companiop
as well as the referent is activated by the
anaphor and suggest that these concepts
become activated at about the same time,
This supports.the hypothesis that antecegq.
ent information is retrieved in the form of
propositions. However, the pattern of
priming at 1250 milliseconds after the
anaphor (position 5) qualifies this concly.
sion. The referent is still activated but the
companion is not. One might argue that by
this point the two concepts are being
treated differently by the comprehension
process.

The following two experiments are de-
signed to provide more information on this
and other issues.

EXPERIMENTS 3 AND 4

Experiment 3 was primarily a control ex.
periment. The reduced response time and
error rate associated with the paragraph
version which mentioned the anaphor could
be due to the retrieval of antecedent infor-
mation as we claim, or it could be due to s
general benefit that comes from processing
an anaphor. If this latter claim were true
then any test word, regardless of whether it
is associated with the referent, should be
primed by the anaphor. Thus, this experi-
ment included a control test word which
was not in the same sentence as the referent
(e.g., bottles). We expected that this word
would not be primed at all. In addition, the
companion was included as a test word to
gain more data on the issue of when this
word ceases to be activated. This experi-
ment used test positions 3 (500 millisec-
onds), 5 (1250 milliseconds), and 6 (end of
sentence).

In Experiment 4, we tested the activation
of the referent and the companion at posi-
tion 2 (250 milliseconds after the anaphor),
position 5 (1250 milliseconds after), and po-
sition 6 (at the end of the sentence). Ex
periment | provided tentative evidence that
the referent is activated at 250 milliseconds.
Experiment 4 should substantiate this result
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and also determine whether the companion
becomes activated this early. The test at
position 5 is an attempt to replicate the un-
expected pattern found in Experiment 2, in
which the referent remained activated and
the companion did not. Additional infor-
mation on this question should also come
from the test at position 6, the end of the
sentence.

Method

Subjects. Each experiment used 48 sub-
jects from the same population as before.

Materials and procedure. These experi-
ments were the same as Experiment 2, ex-
cept that the test words and test positions
were different. For Experiment 3 the test
words were either the control word (bot-
tles) or the companion (garage) and the test
positions were 3, 5, and 6. For Experiment
4 the test words were either the referent or
the companion and the test positions were
2,5, and 6.

When the test word was given at position
6, it actually appeared on the beginning of
the next line following the 500 millisecond
pause that normally occurred between
sentences. On average, there were 6.5 words
between the anaphor or control word and
the end of the sentence. Thus, a test word
in position 6 appeared an average of 2725
milliseconds after the anaphor or control
word.

Results and Discussion

First consider the control experiment,
Experiment 3. The means and error rates
are shown in Table 4. Turning first to the
control test word (bottles), it can be easily
seen that there is no priming in either re-
Sponse times or error rates at any test posi-
tion. Clearly, the anaphor did not activate
the control word. Thus it seems that any
activation that does result from the anaphor
is not due to a general enhancement of the
availability of all words in the paragraph.

The pattern for the companion test word
(garage) is the same as that of the previous
¢xperiment. There is priming (25 mil-
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TABLE 4
RESULTS OF EXPERIMENT 3
Test position
Paragraph
version 3 5 6

Test word~—Companion {(garage)
1 (anaphor) 709 (15.0) 736 (16.0) 752 (21.2)
2 (control) 734 (13.2) 747 (19.4) 753 (18.7)

, Test word—Control (bottles)

1 (anaphor) 672 (7.5) 678 (10.8) 721 (10.4)
2 (controf) 672 (6.7) 691 (8.7) 724 (9.6)

Note. Response times are in milliseconds and error rates (in
parentheses) are percentages. The average error MS for the
subjects analysis of response times was 6965.

liseconds) at test position 3, which was re-
duced by position 5 (to 11 milliseconds).
Furthermore there is no evidence of prim-
ing at the end of the clause (position 6).
However, the pattern is not as clean as it
was in Experiment 2, in which there was
strong priming for the companion at posi-
tion 3 and none at 5. In fact, an overall
analysis of variance on response times did
not yield any significant effects of the
paragraph version variable, nor of any of its
interactions with test word or test position.
There were, however, reliable main effects
of test word (control vs companion) on re-
sponse times and error rates, all F’s > 23,
and of test position, F’s > 10 for response
times and F’s > 4 for the error rates.

Although the pattern of priming was sim-
ilar to that of Experiment 2 for the com-
panion, we would like more evidence be-
fore we claim that this word is activated at
position 3 and not at position 5. The final
experiment provided such evidence.

The means and error rates are presented
in Table 5. As expected there was signifi-
cant priming (the main effect of paragraph
version) in both response times and error
rates, all F’'s > 5. The effects of interest,
though, concern the patterning of response
time priming across test words and posi-
tions. The only interaction that was signifi-
cant was that between paragraph version
and test word, and only for the subjects
analysis, F(1,47) = 3.9, p = .05, showing
that priming is more evident in the referent



128
TABLE 5
RESULTS OF EXPERIMENT 4
Test position
Paragraph
version 2 5 6

Test word—Referent (burglar)
1 (anaphor) 643 (6.2) 657 (10.0) 661 (8.3)
2 (control) 684 (11.6) 675 (13.4) 696 (9.2)

Test word—Companion (garage)
1 (anaphor) 705 (15.0) 716 (19.0) 762 (17.0)
2 (control) 737 (18.0) 717 (21.2) 748 (16.6)

Note. Response times are in milliseconds and error rates
(in parentheses) are percentages. The average error MS for the
subjects analysis of response times was 7357.

than in the companion. However, the pat-
tern of priming for the test words across
test positions is strikingly consistent with
that of the earlier experiments. Both the
referent and the companion were strongly
activated at position 2, 41 milliseconds of
priming for the referent and 32 milliseconds
for the companion. Thus it appears that
both of these concepts become activated
quite early. By 1250 milliseconds after the
anaphor (position 5), this priming is gone
for the companion (1 millisecond) but is still
present for the referent (18 milliseconds).
The finding of no priming for the compan-
ion at position 5 replicates the findings of
Experiments 2 and 3, and the presence of
modest priming for the referent at this posi-
tion goes along with the results of Experi-
ment 2. Thus, it is reasonably well estab-
lished that, although both the referent and
companion become active very early and to
an equal extent, the companion’s activation
dies away before that of the referent. This
can also be seen in the test at the end of the
sentence (position 6). Here the referent is
still active (35 milliseconds) and the com-
panion is definitely not (14 milliseconds in
the wrong direction).

At this point we would like to turn to the
analysis of the four experiments as a group,
and particularly the last three. Our claim
that priming varies as a function of the test
word—test position combination received
only a little statistical support. The key tri-
ple interaction was significant only in Ex-
periment 2, and only for the error rates.
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(Various double interactions involving
priming were significant, but these are not
critical to the claim of different time
courses of activation for the different
words.)

Viewed together, the experiments revea]
an interpretable and (as we shall argue)
statistically significant triple interaction.
Figure 1 reveals this interaction very
clearly for response time by summarizing
the amount of priming obtained in all four
experiments. Each point in the figure repre-
sents an average of the mean response
times from the experiments that included
that condition. So, for example, the point
for the referent at position 2 (29 mil-
liseconds) is an average of the amount of
priming obtained in Experiment 1 (17 mil-
liseconds) and in Experiment 4 (41 mil-
liseconds).

Leaving aside position 1, the difference
between paragraph versions (priming) is
relatively constant across positions for the
referent, decreasing across positions for
the companion, and never present for the
control. Computing facilitation through the
error rates reveals the same pattern. The
priming effects (percentage of errors for the
control paragraph minus that for the
anaphor paragraph) for the referent were
+1.8, +3.8, +1.2, +5.9, and +0.9 for posi-
tions 2—6, respectively. For the companion
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F16. 1. The average amount of priming (RT for
version 2 — RT for version 1) in milliseconds as 2
function of test word type and test position. Test pos-
tion 1 is immediately before the anaphor or its control;
position 2 is 250 milliseconds after the onset of the
anaphor or its control; positions 3, 4, and 5 are 500,
750, and 1250 milliseconds after, respectively; and po-
sition 6 is after the sentence.
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priming was only obtained at positions 2
and 3 (+3.0 and +1.6) and not at positions 5
and 6 (+0.3 and —1.4). Finally, there was
no priming for the control word at any po-
sition (—0.8, —2.1, and —0.8 at positions 3,
5, and 6, respectively).

The question arises: Why was this clear
pattern not always revealed in the statistics
of the individual experiments? One reason
is that the triple interaction, at least with
response time, is small numerically. This is
because it is not a cross-type of interaction.
To illustrate the point, consider the eight
response times corresponding to positions 3
and 5 for the referent and the companion in
Experiment 2 (Table 3). For these data
points the triple interaction is 14.5 mil-
liseconds. Intuitively it seems larger. There
is priming for the referent at both positions,
but only for the companion at position 3.
Nonetheless, the effect is small and so it is
reasonable to conclude that the experi-
ments individually lacked power to detect
this sort of interaction.

So far it has been suggested that there is a
triple interaction for response time when all
experiments are considered together. Can
this overall effect be tested for significance?
Statistical procedures can be used; it is
simply a question of their appropriateness.
We will first describe our analysis and dis-
cuss the assumptions that must be made,
and then present the results of it.

The basic idea is that, across the experi-
ments, many of the conditions were tested
two or three times. The variation in the ef-
fects for these conditions over the repli-
cations represents experimental error—the
nonreplicability of the effects. If the effects
are large relative to this error, then one
can conclude that they are significant. Spe-
cifically, we performed an analysis of vari-
ance on the mean facilitation in mil-
liseconds due to paragraph version (control
version — anaphor version) over test posi-

- lions and test words, in which the means

were calculated for each experiment. Only
the last three experiments were included.
These numbers can be found in Table 6. As
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TABLE 6
AMOUNT OF PRIMING OBTAINED IN EXPERIMENTS
2, 3, AND 4 AS A FUNCTION oF TEST
WORD AND POSITION

Test positions

Test words 2&3 5 6
Referent +41,+41 +26,+18 +35
Companion  +32,+45,+25 +1,+1,+11 +1,—14
Control 0 +13 +3

shown in the table the design had three
levels of test word, three of test position,
and a variable number of observations per
cell. Data from position 1 (Experiment 2)
were not included because it was never
tested with the control word and it is largely
uninteresting. Positions 2 and 3 were com-
bined to increase the error degrees of free-
dom and because position 2 was never
tested with the control word. Notice that
analyzing the amount of priming rather than
response time makes the critical triple in-
teraction into a double one, that between
test word and position.

Is it appropriate to use analysis of vari-
ance on these numbers? The main problem
is that some numbers came from the same
experiment-and thus might be correlated,
thereby violating the standard assumption
of independent sampling of the error com-
ponent of each score. However, because
each experiment was identical in design,
procedure, and materials, and used a large
number of subjects (48) drawn from the
same population there should be little de-
pendence among the scores arising from
particular experiments. Thus, by analyzing
the data in this way we are making a strong
assumption, but one which is likely to be
true.

Turning to the results of the analysis, it
was found that the test word and test posi-
tion factors interacted significantly, F(4,7)
= 4.9, p < .05, showing that the pattern of
priming across positions differed for the
test words. This difference did not come
only from the inclusion of the control test
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word in the analysis. With the control word
left out, the resulting 2 X 3 analysis still had
a significant interaction, F(2,7) = 5.0, p <
.05. Given this interaction we then tested
individual condition means. First, it was
ascertained by ¢ tests (with the standard
alpha level of .05 divided into-nine equal
parts) that priming is significantly different
from zero at all test positions for the refer-
ent, only at positions 2 and 3 for the com-
panion, and never for the control word.
Second, the amount of priming for the refer-
ent and companion was compared at each
position. There was no difference at posi-
tions 2 and 3, #(7) = 1.0, and significant
differences at position 5, t(7) = 2.5,p < .05,
and at position 6, #(7) = 4.4, p < .01.

In the final section we will evaluate the
impact of our findings on theories about the
retrieval of antecedent information in text
processing.

GENERAL DISCUSSION

The experiments presented here make
three empirical points. First, an anaphor
gives rise to very rapid activation of its ref-
erent, and second, it gives rise to equally
rapid activation of other concepts in the
same proposition as the referent. Third, the
referent remains active through to the end
of the sentence, but the other concepts
do not.

These results allow theoretical insights
into the processes involved in reading. The
first point to be discussed concerns the
speed of retrieval of antecedent informa-
tion. We found that priming had reached its
asymptotic value when the anaphor was
presented only 250 milliseconds in advance
of a test word. Thus it appears that the re-
trieval process begins immediately when
the anaphor is encountered. A reasonable
analogy is that the processing system is a
pipeline of information in which the ana-
phor needs only a 250-millisecond advan-
tage in onset time over the test word to
give maximum facilitation to the referent
and companion words. This speed of re-
trieval suggests an automatic process, as
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automatic would be defined by Posner ang
Snyder (1975; see also Ratcliff & McKoon,
1981) (although the other criteria for an ay.
tomatic process, slow onset of inhibitiop
and effects of probability manipulations,
have not been examined). Certainly, our re.
sults are inconsistent with theories stating
that interword semantic relations are only
computed at such places as deep-structure
clause boundaries (e.g., Fodor, Bever, &
Garrett, 1974).

What exactly happens during the re.
trieval process? First, the superordinate
anaphor (criminal) must make contact with
a previously mentioned subordinate (bur
glar). An experiment by Garrod and Sanford
(1977) suggests that this contact cannot be
explained simply as the result of semantic
priming, that is, as the result of the seman-
tic relationship that exists between criminal
and burglar independently of any text. Gar-
rod and Sanford found that reading time for
a sentence containing a superordinate
anaphor (e.g., the vehicle) was slower if the
referent was an unlikely example of the cat-
egory (e.g., tank) than if it was a likely
example (e.g., bus). However, they ruled
out simple semantic priming between
super- and subordinate words as an expla-
nation for the effect because changing the
superordinate so that it was not an anaphor
(a vehicle) reduced the effect substantially.

With our results, we can also argue
against simple semantic priming as an ex-
planation for the activation of referents. In
our experiments there are two ways in
which the semantic overlap between ana-
phor and referent can be used. First there
is the relationship between the referent,
which is in the first sentence, and the
subsequently occurring anaphor. Second,
there is the same semantic relationship
between the anaphor and the test word

(when the test word is the referent). If
facilitation is due to the first of these re-
lationships thén it is due to the retrieval of

antecedent information. If it is due to the
second then it is due to priming from the

anaphor to the test word. We claim that the:
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obtained facilitation over at least the early
test positions (2 and 3) is due to the retrieval
of antecedent information because the
companion was activated to the same ex-
tent as the referent. The speed and strength
of the companion’s activation can only be
due to retrieval from the first sentence.
Thus it is reasonable to assert the same for
the referent. Specifically, our interpretation
is that a definite anaphor activates quickly
(possibly automatically) the propositions
containing the referent or possible refer-
ents. The activation of these propositions is
undoubtedly triggered in part by the
semantic relationship between the anaphor
and the potential referents. But it is clear
that the facilitation, itself, is not due to a
semantic relationship between the anaphor
and the test word.

Next, we turn to the finding that the refer-
ent stays activated until the end of the
sentence whereas the companion does not.
So far the results have given evidence for
the rapid activation of propositions con-
taining potential referents. The next stage
would logically be one in which the proper
referent is selected. The data for the later
test positions (5 and 6) support this view.
The activation of nonreferents such as the
companion has decayed, but the referent
remains active, either because it is still
being processed or because it has replaced
the anaphor in the representation of the
text. In either case it would be facilitated
relative to a condition in which there was
no anaphor at all.

Another possibility for the continued ac-
tivation of the referent must be considered,
however. Recall that we argued that facili-
tation at the early test positions could not
be due to priming from the anaphor to the
test word because the companion was acti-
vated to an equal extent as the referent. At
fhe later positions, however, the compan-
lon is no longer active. Thus the possibility
arises that the continued activation of the
Fef.erent is due either to the semantic re-
lationship between the anaphor and the test
word or to the semantic relationship be-
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tween the anaphor and its previously-
mentioned referent.

A final point regarding the pattern of
priming at the later positions is that our re-
sults are in partial disagreement with those
of McKoon and Ratcliff (1980). They found
that:the companion was active when tested
at the end of the sentence, about 2.5 sec-
onds after the anaphor, contradicting our
finding of no effect for the companion at
position 5 (experiments 2, 3, and 4) and po-
sition 6 (experiments 3 and 4). However,
McKoon and Ratcliff presented their para-
graphs one sentence at a time and allowed
subjects to control the pace. Thus subjects
could have read the critical sentences, or at
least the anaphors, more than once, and so
kept the companion words active. This re-
reading is not possible with the word-by-
word technique.

To conclude, we will briefly discuss the
research method used in the experiments.
Unlike previous recognition studies where
words were tested at the ends of sentences
(McKoon & Ratcliff, 1980; Chang, 1980),
the present experiments tested words dur-
ing the sentences. This was made possible
by the presentation mode, one word at a
time every quarter of a second, with words
appearing next to one another across the
screen. The benefit of combining unex-
pected recognition tests with word-by-word
presentation is that it is possible to look at
the state of activation of concepts in the
reader’s memory during the process of
reading. Other on-line measures of com-
prehension such as reading time or eyé fix-
ation time are useful in that they describe
the reader’s behavior, but they cannot re-
veal directly what concépts are active in
memory. On the other hand, later recall and
recognition tests can well describe the
reader’s memory, but only after the fact of
comprehension. Thus the activation tech-.
nique provides a useful addition to the set
of techniques for investigating the pro-
cesses involved in reading.

The present method bears a resemblance
to the lexical decision technique developed
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by Swinney (1979). In this technique sub-
jects listen to spoken text and at unexpected
times are given a letter string for a lexical
decison. If reaction time to a certain word
string is speeded, it can be concluded that a
concept related to that word was activated
by the comprehension of the spoken text.
Thus the item recognition and lexical deci-
sion techniques may provide converging
evidence on the activation functions of
concepts during text comprehension. One
technique, recognition, requires reference
back to the text just processed, whereas the
other, lexical decision, does not. Whether
this difference leads to processing differ-
ences is a question for further research.
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