Memory & Cognition
2008, 36 (2), 295-313
doi: 10.3758/MC.36.2.295

Repetition blindness in sentence contexts:
Not just an attribution?

RACHEL BOND AND SALLY ANDREWS
University of Sydney, Sydney, New South Wales, Australia

Selective “blindness” to repeated words in rapid serial visual presentation (RSVP) occurs even when omitting
these words compromises sentence syntax and meaning. The contributions of lexical and contextual factors to
this repetition blindness (RB) phenomenon were evaluated using three tasks that combined RB and ambiguity
resolution paradigms. During an RSVP sentence, a repeated word and matched but incongruous control were
presented simultaneously, and participants were asked to report the entire sentence, including only the appro-
priate word. Substantial RB was evident in impaired report of repeated targets, whereas report of nonrepeated
targets was enhanced when the distractor was a repeat. Experiment 2 confirmed these results with reduced
reporting requirements, and Experiment 3 demonstrated the independence of repetition and sentence congruity
effects. Results across all contexts support a lexical account of RB, which assumes that reactivation and identi-
fication of rapidly repeated words are impaired due to the refractory nature of lexical representations.

Repetition blindness (RB) refers to the failure to report
both occurrences of a repeated item in a series of rapidly
presented visual stimuli. For instance, the sentence When
she spilled the ink there was ink all over, presented word
by word at a rate of around 100 msec/word, may be re-
ported as “When she spilled the ink there was all over”
(Kanwisher, 1987), even though the sequence is non-
grammatical. RB also occurs for repeated items in lists
of words and pictures (see Coltheart, 1999, for reviews),
but the phenomenon is particularly striking in sentences,
where its occurrence generally fails to respect the con-
straints of coherence or syntax. This has contributed to
accounts that locate the phenomenon at the lexical level,
rather than at the later stages of memory and recall. In the
experiments reported here, novel variations of the stan-
dard RB sentence-processing paradigm were used to shed
further light on the relative contribution of bottom-up and
top-down processes to RB and, more generally, on the role
of lexical activation in sentence processing.

Type—Token Accounts of RB

Kanwisher’s (1987) original interpretation of RB drew
upon the distinction between fypes and tokens. Reporting
the identity of an item in a stimulus sequence requires not
only activation of the existing representation of the item’s
type representation in memory, but also creation of a token
representing the occurrence of that type in the processing
episode (Kahneman & Treisman, 1984). For example, the
conceptual processing required to build a coherent struc-
ture from the words of a sentence requires more than ac-
tivation of word types in lexical memory; comprehension
and recall depend on establishing tokens of these words

and the sentential relationships between them in that spe-
cific sentence. In this framework, RB is the consequence
of a perceptual limitation that impairs the rapid creation of
separate tokens for two occurrences of the type.

There are two major variants of this type—token account
that propose different sources for RB. According to the
type refractoriness hypothesis, RB is due to the activa-
tion dynamics of type nodes, rather than to a problem
with token formation or binding. The representation of
a particular stimulus undergoes a period of reduced sen-
sitivity immediately after firing, by analogy with the re-
fractoriness of neurons. Accordingly, if the stimulus ap-
pears twice in close succession, the second occurrence
may be unable to increase the node’s activation enough to
be recognized or induce a response. The second class of
models attributes RB to problems in token individuation.
Even though the two separate occurrences are both “rec-
ognized” at the type level, formation of a second token
from a single type is briefly inhibited after the first token
is individuated (e.g., Kanwisher, 1987).

The type refractoriness hypothesis has been formal-
ized in dynamical models based on a signal detection ap-
proach that implement a “rudimentary form of adaptation”
(Bavelier & Jordan, 1992, p. 883). Bavelier and Jordan’s
model assumes that the detection threshold is increased
for recently detected items, whereas Luo and Caramazza’s
(1996) version proposes that the activation function for
type nodes rises sharply following the first presentation of
the critical stimulus (often labeled C1) but then falls away
to below its original baseline. Both mechanisms have the
same outcome: Re-presenting a word as C2 (the second
critical stimulus) soon after the initial presentation will not
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result in a second detection, even if it raises the node’s acti-
vation level, unless sufficient time has elapsed to allow the
threshold or node activation to return to resting level. Ac-
cording to these accounts, “repetition blindness arises be-
cause the fluctuation due to the brief presentation of C2 is
not judged significant against the background of the recent
detection of the word” (Bavelier & Jordan, 1992, p. 884).

Kanwisher (1987) initially rejected the type refractori-
ness hypothesis because, in contrast to the repetition defi-
cit obtained when participants were required to report a
complete sentence or word list, performance for repeated
words was facilitated, rather than reduced, when only the
final item from a rapid serial visual presentation (RSVP)
sequence was to be reported (Kanwisher, 1987, Experi-
ment 3). She argued that the lexical locus implicated by
the refractoriness hypothesis predicts equivalent RB for
repeated items regardless of whether participants must
recall the whole sentence or monitor for the last word.
The repetition advantage observed in the final-word re-
port task therefore led her to conclude that RB is due not
to refractoriness at the type level but to impaired token
individuation. The final-word report task yields facilita-
tion, rather than RB, because the task does not require
tokenization of the first occurrence.

Subsequent evidence using the final-word report task
has, however, been contradictory. A number of studies have
failed to replicate Kanwisher’s (1987) findings and have
shown, instead, that RB is relatively equivalent whether
participants report all items or only the final one (Hoch-
haus & Marohn, 1991; Kanwisher & Potter, 1990; Luo &
Caramazza, 1995). There are also conceptual problems
with Kanwisher’s (1987) claim that the type refractoriness
hypothesis cannot accommodate facilitatory repetition
effects in the final-word report task. In the signal detec-
tion implementations of this hypothesis described above
(Bavelier & Jordan, 1992; Luo & Caramazza, 1995), a
second presentation of an item does increase activation
of its type node, but changes in the threshold or decay
function mean that more activation is required to achieve
identification for a second than for a first presentation. If
task performance can be based simply on activation at the
type level, regardless of threshold detection, refractori-
ness of the relevant type node to a second presentation
will not necessarily impair performance. Instead, summa-
tion of the activation from two presentations might yield
facilitation for repeated words (Luo & Caramazza, 1996).
Thus, despite Kanwisher’s original rejection of type re-
fractoriness, it remains possible that this mechanism is
responsible for RB effects in at least some task contexts.

Token individuation accounts are probably the dominant
explanation of RB, but there are a number of variations of
this general view. Kanwisher (1987) originally proposed
that the formation of a second token from a single type is
briefly inhibited after the first token is individuated. The
subsequent discovery that RB can arise for nonidentical
words, such as components of compound words (Kan-
wisher & Potter, 1990), and for words that are visually or
phonologically similar (e.g., reach—react, one—won; Bave-
lier & Potter, 1992) led to elaborations of the individuation
account, which assumes that the code used for registering

initial information in short-term memory (STM) depends
on task requirements: “RB will arise whenever the codes
used in initial registration of C1 and C2 in STM are too
similar, regardless of the actual stimuli the subject saw”
(Kanwisher & Potter, 1990, p. 144). Park and Kanwisher
(1994) attempted to distinguish whether RB was caused
by a failure to create a second token for a reactivated type
or a difficulty in binding it to form a new token. They cited
evidence for both possibilities, depending on the nature
of the task and stimuli: Sometimes an empty token is cre-
ated, when readers know that an item appeared but cannot
retrieve its identity; at other times, the item’s reactivation
is assimilated into the first episodic token. RB has also
been attributed to later processes involved in stabilizing a
token (Bavelier, 1994).

These different characterizations of the deficit in token
individuation are not mutually exclusive. Bavelier (1999)
argued that “the successful establishment of an object-
specific representation is . . . a graded, dynamic process”
(p. 167). RB for identical items might reflect failure to open
a token (Bavelier, 1994), whereas those for different items
that are similar only in orthography, phonology, or even
semantics (Bavelier, 1994) may reflect more task-specific
processes that are “important for the stabilization of infor-
mation in short-term memory” (Bavelier, 1999, p. 158).

Memory and Reconstruction Accounts of RB

Type—token approaches to RB have been challenged by
accounts that emphasize the role of memory processes.
Failure to report an item in a full-report task does not nec-
essarily prove that the item was not encoded or individu-
ated. RB may, instead, be due to memory retrieval or other
processes involved in short-term recall. Indeed, the full-
report paradigm usually used to assess RB is essentially a
test of STM but involves a faster rate of stimulus presenta-
tion than is commonly employed in that domain.

Drawing on the STM literature, Armstrong and Mewhort
(1995) argued that RB is due to guessing biases and output
interference similar to those underlying the Ranschburg ef-
fect (Crowder, 1968). Consistent with that view, they found
that report of repeated stimuli in rapid lists was facilitated,
rather than reduced, when a retrieval cue was provided.
Similar findings led Fagot and Pashler (1995) to conclude
that RB reflects “the operations and strategies involved
in full report from RSVP displays rather than any funda-
mental and surprising characteristic of on-line perceptual
processing” (p. 290). However, the specific mechanisms
proposed as the source of the reporting deficit depend on
STM’s being overloaded. Demonstrations that RB occurs
when memory load is minimized (e.g., Johnston, Hoch-
haus, & Ruthruff, 2002; Luo & Caramazza, 1995) have
challenged the claim that RB is entirely due to retrieval
processes.

A more complex approach that also emphasizes re-
trieval strategies was proposed by Whittlesea and col-
leagues (Whittlesea, Dorken, & Podrouzek, 1995; Whit-
tlesea & Podrouzek, 1995; Whittlesea & Wai, 1997) and
recently was expanded by Masson (2004; Whittlesea &
Masson, 2005). This constructionist account of RB as-
sumes that the effects are due primarily to impairments
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and biases in reconstructing the stimulus sequence, rather
than to failures in storage, tokenization, or retrieval per se.
According to this view, conscious experience of past and
present events is a construction derived from production
and evaluation processes that operate on the stimulus com-
plex provided by the stimulus, task, and context (Whittle-
sea, 2003), rather than the outcome of type activation. The
mental event of a word’s meaning’s coming to mind is not
a direct reflection of the nominal stimulus but a produc-
tion that has been filtered through memory and subjected
to evaluative processes that make attributions about the
source of the word (e.g., to perception, memory, or imagi-
nation) and determine its task-specific meaning. Any at-
tempt at recall is therefore a reconstruction, rather than
a readout of a veridical memory trace. RSVP conditions
disrupt perceptual processing and lead to impoverished,
fragmentary information that is more vulnerable to distor-
tion or misattribution.

Critically, repeated and unrepeated words are not pro-
cessed differently at encoding: “Repeated presentations
are encoded and represented separately . . . [and] there
is no difference in the fundamental processes by which
people remember single events and repetitions of events”
(Whittlesea & Podrouzek, 1995, p. 1695). Indeed, it is
precisely because each occurrence is processed indepen-
dently that a reader may not become aware of repetition;
and because words presented in RSVP are poorly inte-
grated with their context, both instances of a repeat may
be independently attributed to the same list position and,
therefore, reported only once (Whittlesea et al., 1995).

Thus, the construction account emphasizes the impor-
tance of the way readers set about generating perceptions
and memories to achieve particular task requirements.
From this perspective, RB is not solely a function of the
perceptual impairments emphasized by type—token ac-
counts or the retrieval impairments of the memory ac-
counts. Constructive processes influence both perception
and memory to yield task-dependent constructions of
perceptual events. Repetition-specific recall deficits arise
because repetition increases the ambiguity of the attribu-
tion process, rather than because it directly disrupts either
perceptual individuation or recall of the two occurrences.

Much of the evidence for the constructionist approach
derives from demonstrations that RB effects are modulated
by task demands. For example, Masson (2004) presented
lists of words under RSVP conditions and asked partici-
pants to recall either the entire list or only the final word.
The results showed that, consistent with Kanwisher’s (1987)
original finding, whole-list report showed RB, whereas
final-word report was facilitated by repetition. Crucially,
Masson’s experiments provided the recall instruction only
after the sequence had been presented, so the differences
could not be attributed to changes in encoding strategies
between conditions. Masson argued that these results pro-
vide strong evidence against RB’s having a perceptual
locus and, instead, support memory- and reconstruction-
based accounts. However, this differential repetition effect
occurred only for word lists. Sentences presented in the
same instructional conditions showed very strong RB for
whole-sentence report that was not reversed by showing fa-

cilitation in the final-word condition. RB was, however, re-
duced in the final-word task, and the repetition deficit was
significant only when corrected for guessing. The fact that
RB was modulated by reporting requirements is consistent
with the constructionist claims about task specificity, but it
is not clear why this should vary between list and sentence
contexts. Masson suggested that the absence of facilita-
tion in the final-word task for sentences may indicate that
coherent sentence contexts enhance processing of C1 and
“encourage the migration of a repeated C2 to its earlier po-
sition in the sentence” (p. 1285). But he acknowledged that
“there is no basis for generating a firm prediction from the
construction account” (p. 1284) as to exactly how sentence
and task context combine to determine whether repetition
will affect sentence recall. The differential influence of list
and sentence context is particularly noteworthy given that
Masson used truncated versions of the sentences from the
full-report task (e.g., The blue car and red car). Even these
fragmentary sentence contexts reduced the impact of the
single-word report requirements on RB, showing that sen-
tence contexts are, in some way, more resistant to loss of
RB than are word lists when task demands are varied.

It is difficult to distinguish the constructionist account
from the view that RB is due to problems with token indi-
viduation. Proponents of the individuation view acknowl-
edge that “there is no well-defined dividing line between
perception and memory . . . [or] a priori way to decide
which of the . . . transformations of representations from
the retinal array up through representations of recognized
objects . . . should count as a ‘memory’” (Park & Kan-
wisher, 1994, p. 502). Similarly, constructionist theo-
rists argue that “the distinction between perception and
memory as alternative bases for repetition priming is not
a central issue for the [constructionist] account” (Masson,
2004, p. 1287). Thus, both views attribute RB to the inter-
action between perception and memory.

The critical difference lies in their assumptions about the
role of abstract types in this interaction. The type—token
account hinges on the distinction between an abstract level
of representations of familiar stimuli and episodic repre-
sentations that code the relationships between types in a
particular processing context, such as items in a list or
words in a sentence. The strong constructionist account
argues that “there are no abstract, semantic representa-
tions to activate or inhibit” (Whittlesea & Masson, 2005,
p. 54): “Memory does not work by simple registration of
stimuli and later reduplication . . . but instead by construc-
tion in the moment and reconstruction on a later occa-
sion” (Whittlesea & Hughes, 2005, p. 103). Thus, Masson
(2004) claims that a critical distinguishing feature of the
constructionist view from the type—token account is that it
assumes that “repetition blindness is not lexically based”
(p- 1287). In the present experiments, we investigated this
claim directly by using a novel technique for probing the
effects of repetition on sentence processing.

Bottom-Up and Top-Down Processing
of Sentences

Sentences differ from lists of words in a number of im-
portant ways. They are tied together by syntax and seman-
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tics, and it is the way that words are combined, as well as
the individual words’ identity, that conveys the concepts
or propositions of the sentence. Theories of sentence pro-
cessing vary in their assumptions about how context con-
tributes to identifying, encoding, and recalling the words
within a sentence. Modular accounts of reading argue
that words are identified in a purely bottom-up manner,
unaffected by nonlexical information, such as sentence
context and pragmatics. By contrast, interactive models
assume an architecture in which bottom-up and top-down
processes simultaneously contribute to word recognition.
Lexical items are activated in accordance with their match
to both sensory and contextual information. These parallel
sources of evidence result in selection of the most highly
activated word candidate. The outcome also depends on
the strength or quality of information from each source:
When sensory input is impoverished, as in RSVP or other
degraded presentation formats, higher level processes are
likely to take on a greater role.

Potter, Stiefbold, and Moryadas (1998) attempted to
distinguish between the modular and the interactive mod-
els, using a double-word selection technique in which
readers were asked to select between two words presented
simultaneously within an RSVP sentence. Only one of
the two words was compatible with the sentence, and the
disambiguating context appeared either before or after
the double-word display (e.g., The rainbow had a bright
river/color after the storm vs. Kate saw the river/color of
the rainbow after the storm). Participants were asked to
immediately recall each sentence, completing it with the
appropriate word from the double-word display, and then
to recall the other word if possible. Overall, the match-
ing word (e.g., color) was more likely to be reported in
the sentence than was the nonmatching word (e.g., river),
particularly when context preceded the double-word dis-
play. The bias toward the matching word was reduced as
the disambiguating context moved to later positions in
the sentence but remained considerable even when con-
text was delayed by as many as six to nine words. The
participants were poor at recalling the alternative word
and frequently reported feeling completely unaware of it,
especially when the disambiguating context preceded the
double-word display.

Potter et al. (1998) interpreted these findings as sup-
porting a hybrid modular—interactive model of sentence
processing comprising two stages. An initial bottom-up
process produces a set of weighted lexical candidates
based on the perceptual evidence from the stimulus.
Contextual evidence then interacts with these weights
at a second stage, leading to the selection (and ultimate
recognition) of the single candidate that best fits the se-
mantic constraints while maximizing consistency with the
perceptual weightings. Potter et al.’s (1998) double-word
task data indicated that lexical candidates derived through
bottom-up processing can remain active until context per-
mits a selection to be made. At this point, unselected per-
ceptual candidates are rapidly deactivated.

These results, like others reviewed by Potter (1999),
suggest that semantic and syntactic structure are extracted
very rapidly from sentences during initial processing, pro-

viding a basis for fast selection of the appropriate word,
creation of a coherent propositional representation, and
rejection of inappropriate alternatives. However, the fact
that context can also be used retrospectively to select the
correct item from the double-word display provides evi-
dence for independent activation of lexical types on per-
ceptual grounds alone.

EXPERIMENT 1

Experiment 1 combined the double-word paradigm
with manipulations of stimulus repetition to provide di-
rect evidence about the relative contribution of bottom-up
activation of abstract lexical types, by comparison with
top-down reconstructive processes, to RB for sentences.
Stimuli consisted of RSVP sentences that incorporated a
masked double-word display. The participants’ task was to
recall the sentence aloud, including in their report only the
word that fit the sentence context. Unlike the straightfor-
ward recall required in typical RB tasks, the selection re-
quirement imposed by this design encourages participants
to focus on the meaning of the sentence. The technique
also allows the relationship between the to-be-selected
item pairs to be manipulated independently of repetition,
while keeping the context equivalent. The contextual in-
fluences on attribution and construction can therefore be
equated independently of the consequences of word rep-
etition for lexical activation.

As is depicted in Table 1, three sentence conditions
were compared. In the repeated target condition, the tar-
get word from the double-word display was a repeat of
an earlier word in the sentence. In the control no-repeat
condition, the first repeat was replaced with a different
word that fitted the sentence. The repeated distractor
condition contained repeated items identical to those in
the repeated target sentences, but the repeated word was
now the sentence-inappropriate distractor of the double-
word display. Thus, the same word could be either target
or distractor, depending on relatively minor variations in
sentence context.

A lexical account of RB predicts that type activation
and detection dynamics will make repeated words less
available than nonrepeated words to construction and
memory processes. This reduced availability has opposite
consequences according to whether the repeated word is
a target or a distractor. When the repeated word is a tar-
get, it will impair target report—that is, the standard RB
effect. However, when the repeated word is the distrac-
tor, its reduced availability will decrease competition for
selection between the double words, facilitating report of
the target word. An additional prediction of this account
is that when selection of the target word is easy—that is,
when the distractor is repeated and, therefore, unavailable
to compete—the reduction in resources required for selec-
tion will facilitate report of the words immediately follow-
ing the double-word display, in accordance with the atten-
tional blink effect (Raymond, Shapiro, & Arnell, 1992).

The constructionist account also predicts RB in the
repeated target condition, due to the misattributions and
response biases thought to be responsible for the standard
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Table 1
Examples of Sentences in Each Condition
Target
Condition Position Cl (Lag) C2
Repeated target Upper When you notice a  sale the ::)1;1 is already over.
Lower When you noticea  sale the ]:;Vgl is already over.
No repeat Upper When you noticea  coat the IS;:)IEJI is already over.
Lower When you notice a  coat the ];’;)1‘;/1 is already over.
Repeated distractor  Upper At the clearance sale the ]:;Vgl is on special.
Lower At the clearance sale the sale is on special.
bowl

Note—The target is the word that makes sense in the sentence context.

effect. It is the repeated distractor condition that yields
differential predictions. Distractors do not need to be in-
cluded in report, and there is therefore no need to make
attributions about them during the construction process.
Even if a distractor is consciously identified before the
target is, it can be rejected from the construction process,
because it is not congruent with the sentence. Moreover,
given that “repeated representations are encoded and
represented separately” (Whittlesea & Podrouzek, 1995,
p. 1695), any effects of selection on the processing of
subsequent words should be equivalent for repeated and
nonrepeated items. There is, therefore, no obvious rea-
son to predict any differences between the no-repeat and
the repeated target conditions, because they differ only in
whether or not the distractor is a repeat of an earlier item
in the sentence and both repeated and nonrepeated dis-
tractors are equally incompatible with the sentence. Thus,
both accounts predict RB for repeated targets, but only the
lexical account explicitly predicts facilitation for targets
presented with repeated distractors.

Method

Participants

A total of 41 participants were recruited from the first-year psy-
chology participant pool at the University of Sydney and received
course credit for their participation. There were 25 females and 16
males, with an average age of 19.0 years. All had normal or corrected-
to-normal vision and English as their first and dominant language.

Stimuli and Design

The experimental stimuli consisted of 60 sentences, each of which
appeared in three variations, as shown in Table 1. The complete list
of sentences appears in Appendix A. Words appeared in a fixed cen-
tral position in white on a black background, in a fixed-width font.
At a typical viewing distance of 50 cm, each letter subtended a ver-
tical visual angle of up to 0.63°. Each sentence included a critical
display consisting of two words: the target (C2), which fitted the
sentence context, and the distractor, which did not. Targets and dis-
tractors were unrelated and were matched pairwise on frequency and
length. In repeated target sentences, the target word also appeared
in an earlier position as C1, preceding the double-word display by a
lag of one (24 sentences), two (31 sentences), or three (5 sentences)
intervening words. The baseline no-repeat condition was created by
replacing the repeated C1 word with another word, often a synonym,
to preserve the coherence of the sentence but eliminate repetition.

Repeated distractor sentences were created by retaining both the
original words at C1 and C2 but changing the context, so that the dis-
tractor from the repeated target condition became the target, whereas
the repeated item—previously the target—now rendered the sen-
tence incoherent. These sentences were otherwise kept as similar
as possible to the original versions; in particular, the position of C1
and the lag between C1 and C2 were rarely altered. Thus, there were
three types of sentences, and each could be made either sensible or
nonsensical, depending on whether the target or the distractor was
selected from the double-word display. Matching data for sentences
and critical words in each condition are presented in Table 2.

The sentences were divided into groups and rotated around condi-
tions, so that each participant was presented with only one version of
each sentence but, across all 60 trials, saw 20 examples of each of the
three types of sentences. Whether the target appeared in the upper or
the lower position was also counterbalanced. An additional 12 similar
sentences were developed for use as practice and buffer items.

As an added manipulation check, the participants subsequently
rated the plausibility of the sentences. To minimize any biases due
to memory, the list of sentences shown to each participant was based
on different versions of the stimuli from the list that they had seen
during the RSVP task. The sentences were shown with the target
word included on 50% of trials; on the other 50%, the participants
viewed the sentence with either the distractor word or neither word
included (in order to obtain plausibility ratings for those instances in
which classic RB occurred). Each sentence was presented in a single
line across the screen with no time restriction, and the participants
indicated the sentence plausibility on a scale from 1 (nonsensical) to
5 (perfectly sensible) by pressing the appropriate key on a standard
keyboard. As is shown in Table 2, sentences were reliably considered
more plausible when completed with the target word than with no
word or the distractor word, and these differences were relatively
equivalent across conditions.

Procedure

The participants were asked to report each sentence out loud after
it had been presented, including only the appropriate word from the
double-word display. An example was shown very slowly to clarify
the task; then 10 practice trials were presented, during which the
duration of word presentation decreased across trials from 183 msec
to the experimental rate of 117 msec. Two buffer sentences then pre-
ceded the 60 experimental sentences, which appeared in an individu-
ally randomized order.

The presentation sequence is illustrated schematically in Figure 1.
Sentences were presented word by word, with no interstimulus in-
terval, each word appearing for 117 msec. As in the procedure used
by Potter et al. (1998), the bias toward the upper word of the double-
word display was adjusted for by giving the lower word a head start
on the upper word, so that the two words subjectively appeared si-
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Table 2
Means (and Standard Deviations) of the Properties of Sentences and Critical or Control Words

Sentence

Word
Lengthe

‘Word
Frequencyd-e

Plausibility Rating® With

Length

p2a Lagb (Words) Target Distractor Neither

P12

SD
0.70
1.06
0.66

Mean

SD

36.9

SD
0.57
0.66
0.55

SD
0.43
0.42
0.43

SD
0.51
0.49
0.39

SD

1.14
1.13
1.16

SD
0.62
0.62
0.62

SD
1.06
1.04
1.07

SD
1.00
0.97
0.97

Condition

4.25
4.70
4.33

49.2

2.70
2.54
1.98

1.76
1.73
1.60

4.27
4.08
4.52

9.82
9.80
9.85

1.68
1.68
1.68

7.38
7.37
7.35

4.70

Repeated target (sale)
No repeat (coat)

41.3

50.9

4.68

4.67
#Position in sentence, in number of words, of (1) the first critical word C1 and (2) the double-word display C2.

38.7

49.1

Repeated distractor (bowl)

bNumber of intervening words between C1 and C2.

ratings on a scale from 1 (nonsensical) to 5 ( perfectly sensible) of sentences completed with the target word, with the distractor, or with neither word at C2.

occurrences per million words according to the CELEX database (Baayen, Piepenbrock, & Gulikers, 1995).

dFrequency in

¢For the repeated target condition, these refer to the repeated

target; for the no-repeat condition, to C1 (the target being the same word as that in the repeated target condition); and for the repeated distractor condition, to the nonrepeated

target (i.e., the word that was the distractor in the repeated target condition).

multaneously. In addition, forward and backward masks were in-
cluded because, unlike the other words in each sentence, the double
words were not completely masked by preceding or following items.
The double words and their masks appeared immediately one above
the other with no overlap, each equally displaced from the center of
the screen. The double-word display began with a mask of amper-
sands as placeholders for both words. The lower word replaced its
mask after 33 msec, whereas the upper word’s mask persisted for a
further 33 msec. Each word was displayed for 117 msec and then
replaced by its mask for either 66 msec (lower word) or 33 msec
(upper word). Immediately following presentation of the final word
of the sentence, it was replaced by the instruction “Please recall the
sentence,” which remained visible until the participant initiated the
next trial by pressing a key; presentation of the next sentence began
after 1 sec. The experimenter recorded responses by annotating a
score sheet containing the correct sentences.

Results and Discussion

Data were cleaned to remove sentences in which fewer
than 50% of the noncritical words were recalled. These
constituted 5.9% of the total, and in these instances, usu-
ally no more than two words of the sentence were re-
ported. Two participants’ data were excluded, due to very
low overall report. Because this resulted in unequal par-
ticipant numbers in the various stimulus rotation catego-
ries, group membership was included as a factor in the
analysis. A planned analysis compared each condition—
no repeat, repeated target, and repeated distractor—pair-
wise on each response variable separately. To provide a
background against which to evaluate performance for
critical items, an initial set of analyses assessed several
control measures computed from noncritical items to
determine the overall accuracy of sentence recall and
investigate the effects of priming and target selection.
Analyses were then conducted on responses to the criti-
cal double-word display. To simplify presentation, the
summarized results for critical and noncritical words in
Table 3 are averaged over the position of the target word
in the double-word display, because this variable did not
modulate any of the critical effects. Significant main
effects and interactions of target position are, however,
reported in the text, and Appendix B presents the data
broken down by target word location.

Noncritical Words

Overall, sentence recall was quite accurate, averaging
84.9% for noncritical words, and did not vary reliably be-
tween conditions (all F's < 1). Report accuracy for C1
showed a small but significant report advantage for C1
words that were subsequently repeated [repeated target,
F(1,33) = 25.35; repeated distractor, F(1,33) = 19.68],
as compared with the matched unrepeated words from the
no-repeat condition.

Recall of words following the double-word display was
also analyzed to provide evidence about the processes in-
volved in selecting between the critical words. Analysis was
restricted to the first content word (i.e., excluding function
words, such as articles, conjunctions, and prepositions,
which are easily guessed or recreated to fit the context) fol-
lowing the double display. On average, 66.5% of these words
were reported correctly. Performance was better in the re-
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Figure 1. Schematic of a stimulus presentation sequence.

peated distractor condition than in the no-repeat [F(1,33) =
41.37] and repeated target [F(1,338) = 23.71] conditions.
The simplest explanation for these results is that a re-
peated word was functionally invisible to the parser, mak-
ing selection a trivial task in the repeated distractor condi-
tion. By contrast, in the two other conditions, processing
the double-word display appears to have yielded a form
of attentional blink (Raymond et al., 1992), reflected in
poorer processing of words following the double-word
display.! This suggests that the repeated target and no-
repeat conditions required more extensive processing of
the double-word display than did the repeated distractor
condition, due to continuing efforts to select between

two activated types and/or to retain unstructured items in
memory when no coherent structure could be formed.

Responses to Double-Word Slot

Following the method established by Bavelier, Prasada,
and Segui (1994), responses to the double-word display
were analyzed only for trials on which C1 was correctly
reported. The retained responses were divided into several
mutually exclusive categories, including only the target
reported (41.9%), only the distractor reported (11.8%),
complete absence of any response to the double-word dis-
play (7.2%), and various types of substitution. For 8.8%
of the responses, the utterance was uninterpretable or bore

Table 3
Rates of Report for Noncritical Word Measures and
Percentages of Each Type of Response to the Double-Word Display
in Each Condition in Experiment 1

Repeated No Repeated
Type of Response Target Repeat  Distractor
Noncritical Words
Noncritical words reported (% of words) 85.3 84.7 84.7
Cl1 reported (% of sentences) 95.9 89.5 94.5
Post-C2 word reported (% of sentences) 66.5 61.2 77.6
Responses to Double-Word Slot (%)

Target 17.8 44.6 64.9
Distractor 21.7 10.4 2.5
Neither 10.5 5.1 5.8
Target related 1.1 1.4 2.7
Distractor related 2.0 0.9 0.3
“Something” 15.6 8.4 8.3
Pronoun 5.2 3.1 2.1
Random/distorted 9.2 10.6 6.3
Other/combined 17.0 15.3 7.1

Note—Responses to the double-word slot are included only for sentences in

which C1 was reported correctly.
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no correspondence to the presented sentence; these ran-
dom or distorted responses were not analyzed. A further
13.6% of the responses did not fall clearly into any of the
categories, being either other variations or combinations
of multiple response types (including the 1.1% of trials on
which both of the words were reported). The frequencies
of each possible error type within this subset were too low
to enable meaningful analysis.

Target word report. Report of the correct target word
from the double-word display varied considerably across
conditions. The relatively low successful target report rate
in the no-repeat baseline condition, as compared with the
other words in the sentence, suggests that the selection
requirements alone impaired performance. The target was
recalled substantially less frequently in the repeated tar-
get condition than in the no-repeat condition [F(1,33) =
77.18], demonstrating the robust recall deficit that defines
RB. By contrast, the repeated distractor condition showed
a significantly enhanced report of targets, relative to the
no-repeat baseline [F(1,33) = 116.09]. The overall ad-
vantage in target report rate for targets that occurred in
the upper position (55.8% vs. 28.0% in lower position)
was smaller in the repeated target condition than in either
the no-repeat [F(1,33) = 32.67] or the repeated distractor
[F(1,33) = 14.08] condition. Thus, the perceptual advan-
tage for upper position words did not compensate for the
factors giving rise to the RB effect. Indeed, the absolute
RB effect was larger for upper than for lower position tar-
gets (20% vs. 12.8%; see Appendix B).

These results show that it was harder to select a re-
peated than an unrepeated target item in the double-word
selection task but that it was correspondingly easier to
select the correct critical word when the distractor word
was a repeat. The symmetrical, opposing effect of repeti-
tion according to whether the repeated item is a target or
a distractor is precisely what would be expected if lexical
activation of repeated items was reduced, so that they were
less available to the higher level processes responsible for
sentence report.

Errors. Intrusions of distractor words showed a pattern
opposite to that for target report: Distractors were reported
significantly more frequently in the repeated target condi-
tion than in the no-repeat baseline condition [F(1,33) =
38.79] and significantly less frequently again in the re-
peated distractor condition [F(1,33) = 46.17]. Targets were
recalled more frequently than distractors overall [F(1,33) =
258.86], especially for repeated distractor, as compared
with no-repeat, sentences [F(1,33) = 160.58]. However, a
crossover interaction revealed that the opposite occurred in
the repeated target condition [F(1,33) = 83.58], where the
distractor item was reported more frequently than the cor-
rect target word. Distractor intrusions were more frequent
when the distractor was in the upper position, and the effect
of position was greater in the repeated target [F(1,33) =
19.69] and no-repeat [F(1,33) = 23.48] conditions than in
the repeated distractor condition.

The low intrusion rates for incongruent distractor words
provide further evidence for a lexical, rather than a recon-
structive, locus of the repetition effects. The low distractor
intrusion rate in the baseline condition is consistent with

Potter et al.’s (1998) finding that there was little or no rec-
ollection of the rejected alternative word once disambigu-
ating context had appeared and the semantically appropri-
ate word had been selected. Even though the distractor was
equally inappropriate to the context in all the conditions,
distractor intrusion rates were twice as high in the repeated
target condition as in the no-repeat baseline condition; in-
deed, the incongruous distractor was reported more often
than the congruous target in the repeated target condition.
Distractor intrusions were, however, very rare in the re-
peated distractor condition—considerably less common
than when the distractor was not a repeat. These outcomes
are entirely consistent with a model that views RB as a
failure to reactivate the target’s lexical type: If a repeated
item is not activated or identified, it is not available to be
selected for the double-word slot. In the repeated target
condition, the alternative distractor word is more likely to
be retained, despite its incoherence, because no other word
is available to be bound to that position in the sentence.

On 7.2% of the trials, both words were omitted and
no substitutions made. This occurred more frequently in
the repeated target condition than in either the no-repeat
baseline [F(1,33) = 17.66] or the repeated distractor
[F(1,33) = 7.84] condition. In the repeated distractor
condition, omissions were more frequent when the target
was in lower position, whereas in the no-repeat condi-
tion, there was no difference [F(1,33) = 9.13], and in the
repeated target condition, the double-word display was
omitted most often when the target was the upper word
[F(1,33) = 15.90].

In what has been described as the “something” experi-
ence (Harris & Morris, 2001), participants occasionally
feel sure that a word had been presented in a particular slot
but are unable to recall its identity, leading them to report,
for instance, “When you notice a sale something is over.”
“Something” rates averaged 10.2% of responses and, like
complete omissions, were significantly more frequent in
the repeated target condition than in either the no-repeat
[F(1,33) = 11.69] or the repeated distractor [F(1,33) =
7.07] condition. Like omissions, “something” errors were
far more frequent when the target was the lower word
[F(1,33) = 32.03], but the effect was larger for repeated
distractor sentences than for repeated target sentences
[F(1,33) = 12.83].

Pronoun substitutions showed the same general pat-
tern as “something” responses, although they were less
common overall (3.6%) and comparisons, therefore, had
less power. The only significant result was more frequent
pronoun substitutions for targets in repeated target than in
repeated distractor sentences [F(1,33) = 7.51].

Substitutions that were related (orthographically, se-
mantically, or morphologically) to one or the other of the
double words were infrequent, amounting to only 2.8%
of the trials, so they could not be reliably analyzed. How-
ever, such related-word substitutions showed the same
general pattern as that for the report rates for the targets
and distractors to which they were related: slightly more
distractor-related than target-related substitutions for no-
repeat, a lot more for repeated target, and the opposite for
repeated distractor sentences.
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In summary, the results replicate previous investiga-
tions of the effects of stimulus repetition on sentence re-
call in showing robust RB for the repeated target from the
double-word display. The low report rate was primarily
due to increased intrusions of the incongruent distrac-
tor word, “something” errors, and omissions. The novel
findings of the experiment were provided by the repeated
distractor condition in which the repeated word had to be
rejected, rather than selected, for report. Correct report of
the congruous target word was enhanced in this condition,
as compared with the no-repeat baseline, even though con-
text provided equally strong support for the target, rather
than the distractor, in both conditions. This outcome is
clearly predicted by a model that locates RB at the stage
of lexical activation: If the type node for the repeated word
is not activated and “passed” to the system responsible for
the construction of tokens, it will not act as a competitor
in the ambiguity resolution process; indeed, no ambiguity
arises. The reduced error rates for the next content word
after the double-word display and the low intrusion rates
for incongruent distractor words in the repeated distractor
condition offer further support for this interpretation.

The results do provide some evidence for the attributional
processes implicated by constructionist theories. Whittlesea
et al. (1995) observed that participants strive for grammati-
cal consistency when reporting sentences. They reported a
tendency for the missing second occurrence of a repeated
noun to be replaced with an appropriate pronoun (e.g., con-
verting We saw the picture although the was moved to We
saw the picture although it was moved ). Pronoun replace-
ments did occur in the present experiment and were more
common in repeated target sentences, but the rates were
low, as compared with distractor intrusions, omissions, and
“something” errors. Intrusion of words related to the target
or distractor were even less frequent. There is, therefore, no
evidence that semantically or syntactically reconstructive
errors played a major role in the RB effect observed in the
repeated target condition or in the differences between the
repeated target and the repeated distractor conditions.

A second constructionist explanation of RB effects ar-
gues that both occurrences of the repeated word are attrib-
uted to its initial appearance as C1 (e.g., Masson, 2004;
Whittlesea et al., 1995). In the present context, this ac-
count would attribute the reduced intrusions from repeated
distractors to the fact that they can be identified with the
word’s earlier occurrence in the sentence and, therefore,
compete less for report with the correct target. Consistent
with this view, report of C1 was enhanced by its subsequent
repetition, but this effect was equivalent for repeated tar-
get and repeated distractor sentences and was very small,
suggesting that it is unlikely to provide an explanation of
why these conditions differed so dramatically in both target
report and distractor intrusions. However, with C1 report
already approaching ceiling levels, any additional support
offered by a misattribution may be redundant.

EXPERIMENT 2

Although the results of Experiment 1 provided no direct
evidence that the repetition effects were due to memory bi-

ases, Experiment 2 was designed to more directly assess the
influence of memory demands and reconstructive biases to
the observed repetition effects by asking participants to
report only one word, rather than the wh