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Repetition Priming in Speeded Word Reading: Contributions of
Perceptual and Conceptual Processing Episodes

Colin M. MacLeod

Division of Life Sciences, University of Toronto at Scarborough, Scarborough, Ontario, Canada

and

Michael E. J. Masson

University of Victoria, Victoria, British Columbia, Canada

Five experiments investigated repetition priming on an indirect speeded word reading (naming)
test, a task intended to circumvent conscious recollection. Reading a word or generating it from a
semantic cue (either a phrase or an antonym) produced reliable priming of similar magnitude on this
indirect test of memory. Efforts to encourage conscious recollection elevated response latencies in
speeded reading and improved performance on a direct test of recognition memory, without creating
a difference in the amount of priming observed in the Read and Generate conditions. We also found
more priming for visually than for auditorily studied words, consistent with the standard pattern for
indirect tests assumed to be data-driven. Speeded word reading provides a good measure of repetition
priming because the fully exposed target word recruits both perceptual and conceptual aspects of the
initial interpretive encoding episode.© 2000 Academic Press
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All memory tests are not created equal.
one striking illustration of this principle, Jaco
(1983) reported a contrast between two tes
memory. Consistent with the levels of proce
ing framework (Craik & Lockhart, 1972
words generated from antonyms during st
were subsequently more easily recognized
were words that had simply been read du
study. This is well known as “the generat
effect” (Slamecka & Graf, 1978). Yet on
masked word identification test (which he
ferred to as a “perceptual identification tes
where subjects were to identify words appea
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briefly on the screen prior to a mask, the op
site pattern appeared: Performance bene
more for words that were read than for wo
that were generated.

Results such as these, constituting a diss
ation between the two tests, have become
foundation for a categorization of memory te
as eitherdirect—involving conscious recolle
tion, as in the case of recognition—orindi-
rect—not requiring conscious recollection, as
the case of masked word identification, a
that can be performed even without a p
study episode. This distinction between cate
ries of tests is now firmly entrenched in
memory literature and indeed has domina
research over the past decade. Much of
attention has been devoted to the newer cla
indirect tests, which emphasize the relative
provement in performance for a previou
studied item over an item not previously st
ied, an increment referred to aspriming.

At a more theoretical level, the Jacoby (19
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pattern of results has also been used to argue for
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209REPETITION PRIMING IN SPEEDED WORD READING
a transfer appropriate processing approac
memory (Morris, Bransford, & Franks, 197
Roediger, 1990). Under such a view, it is
relation between initial processing (at stu
and later processing (at test) that determ
remembering. The greater the overlap in p
cessing on the two occasions, the more succ
ful remembering is likely to be. The Jaco
pattern in particular has been taken as evid
that reading leads to a data-level analysis o
stimulus as actually perceived, an analysis
matched to a subsequent test assumed t
perceptual in nature, such as masked word i
tification. Generation, on the other hand, e
phasizes conceptual encoding, a process m
more akin to that required for successful re
lection on a conceptual direct test such as
ognition, or priming on a conceptually driv
indirect test such as general knowledge ques
answering (Blaxton, 1989). This is the kind
interpretation that Roediger and his colleag
(Roediger, 1990; Roediger & McDermo
1993) have championed.

Despite its replicability (e.g., Masson & Ma
Leod, 1992, Experiment 2; Schwartz, 19
Weldon, 1991), however, the Jacoby (19
data pattern is far from ubiquitous. Masson
MacLeod (1992) and MacLeod and Mas
(1997) have argued that the advantage of r
ing over generation from a semantic cue se
to hold only when encoding tasks are prese
in blocked format or when generation cues p
mote strong integration with generated targ
(e.g., antonym pairs). Under other conditio
the common pattern for the masked word id
tification test is priming of similar magnitud
for words that were read versus generated
spite a considerable advantage for gener
words on a recognition test. We hasten to p
out that from our perspective, the important f
is that there is reliable priming for genera
items, whether that priming is less than or eq
to the priming observed for read items. On
basis, we claim that both conceptual proces
and perceptual processing during a first enc
ter (study) are relevant to performance o
second encounter (test), even on an indirect

One of the criticisms that can be leveled

masked word identification is that it may not
to
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always be treated as a truly indirect test
subjects. Identifying the test words is a diffic
demanding task, given their exceedingly b
exposure duration. Perhaps, then, subjects o
sionally resort to a strategy of conscious re
lection of studied words in an attempt to fi
one that “fits.” If so, the nominally indirect te
becomes functionally direct. According to t
line of reasoning, once conscious recollec
intrudes, the retrieval advantage for gener
words necessarily also intrudes. On this
count, the priming for generated words in st
ies that have used masked word identifica
(MacLeod & Masson, 1997; Masson & Ma
Leod, 1992; Schwartz, 1989; Weldon, 19
could have occurred because subjects used
scious recollection, which favors genera
words and may even offset the advantage
read words found when the task is perform
truly indirectly.

Toth, Reingold, and Jacoby (1994) used
process dissociation procedure to show
generating targets from a semantic cue faile
produce an unconscious influence of mem
on a word stem completion task. Their analy
indicated that the generation task produced
a conscious influence of memory on that ta
Toth et al. further suggested that their findi
could be generalized to other indirect tests
memory such as masked word identifica
that are assumed to be data-driven. By
account, any priming on such tests that is p
duced by generation during encoding is pro
bly due to contamination by conscious recol
tion. Contrary to this view, and also using
word stem completion task, Bodner, Mass
and Caldwell (1999) have shown that the p
cess dissociation procedure can underesti
unconscious influences of memory produced
conceptual encoding tasks such as generat

In our past work, we have argued against
contamination claim. In particular, we demo
strated that in the very same masked word id
tification paradigm we could produce the
vantage for read words over generated wo
with no priming in the latter case, when t
materials were antonyms—thereby replica
the Jacoby (1983) pattern with his material

but not for a variety of other materials, includ-
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210 MACLEOD AND MASSON
ing synonyms, phrases, and famous nam
among others (see Masson & MacLeod, 19
It is not clear why conscious recollection wo
affect only some of our experiments or be
duced by only some of our materials. Furth
more, in another indirect test of memory tha
assumed to be data-driven—the widely u
word fragment completion test—we (MacLe
& Masson, 1997) have produced a consis
priming advantage for read items over gen
ated items like that reported by others (see R
diger & McDermott, 1993, for a review of pri
studies). There is no basis for assuming
word fragment completion is any less vulne
ble to conscious recollection than is mas
word identification. Indeed, we argue the op
site in MacLeod and Masson (1997).

Our explanation for all of these results, l
Roediger’s (1990), rests on the idea of tran
appropriate processing. However, Roediger
gued that indirect tests such as word fragm
completion are largely data-driven, or perc
tual, and that direct tests such as recall or
ognition are largely conceptually driven. No
that this position does allow for conceptua
driven indirect tests or data-driven direct te
and some ingenious experiments have bee
ported demonstrating such situations (see,
Roediger & McDermott, 1993, for a review).
contrast to this approach to classifying tasks
have proposed (MacLeod & Masson, 19
Masson & MacLeod, 1992, 1996) that stimu
identification, whether nominally at encoding
at retrieval, involves both perceptual and c
ceptual processing. At the time of study, ther
a mandatory initial interpretive encoding; t
first encoded rendition of the stimulus takes
account multiple dimensions of the stimulus
context and leads to identification of that st
ulus. This encoding can be likened to the p
cess of integration described by Graf a
Mandler (1984). There may also be a furt
elaborative encoding, given the appropriate
structions, motivations, opportunities, or
like, that emphasize some aspect of the ide
fied stimulus.

We have proposed that indirect measures
dinarily make contact with the initial interpr

tive encoding, whereas direct measures no
s,
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mally tap the further elaborative encod
(MacLeod & Masson, 1997; Masson & Ma
Leod, 1992). Indirect tests are assumed to
phasize the initial interpretive encoding if th
measure a subject’s ability to identify a spec
target stimulus, particularly under data-limi
or speeded conditions. A previous interpre
encoding episode is therefore more relev
than previous elaborative encoding. Becaus
terpretive encoding involves both percep
and conceptual processing, we would exp
stimuli encoded by either reading or genera
to show priming, which fits with the data th
we and others have consistently observed
the masked word identification task. That
have generally obtained similar amounts
priming on masked word identification for re
and generate conditions suggests that, for
task, the contribution of conceptual encodin
actually quite substantial, a conclusion at o
with the Roediger (1990) and Toth et al. (19
proposals.

THE PRESENT STUDY

Our goal in the series of experiments repo
here was to explore the read vs generate ma
ulation using another indirect measure: spee
word reading. Here, a subject simply re
aloud a fully exposed test word as quickly
possible into a microphone; the dependent m
sure is response latency. Sometimes ca
“naming” (e.g., Balota & Chumbley, 1984
speeded word reading appears to be a par
larly good candidate as an indirect meas
because performance of the task is very r
and virtually automatic. The claim of autom
ticity is supported by the well-known Stro
(1935) effect in which color words cannot
disregarded when the task is to name the
colors in which those words are printed (e
say “red” to the word GREEN written in re
ink). Because of its automaticity—defined
its ease and speed, as well as by the absen
any need for problem solving, given expos
of the entire word without time restriction
word reading should be relatively unconta
nated by conscious recollection.

This claim receives empirical support fro

r-studies by MacLeod (1996) and by Wilson and
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211REPETITION PRIMING IN SPEEDED WORD READING
Horton (1999). MacLeod contrasted spee
word reading and speeded color naming as
direct measures in a standard study-test fra
work. In three experiments, speeded color n
ing of words consistently failed to demonstr
any influence of prior study of some of tho
words. Yet speeded word reading consiste
showed reliable facilitation of the same stud
words. In fact, although numerically small (
the order of 20 ms), the priming effects
speeded word reading were impressively c
sistent over subjects. The task appears very
able as an indirect measure of memory. Fur
evidence that using a speeded task prev
conscious recollection has been provided
Wilson and Horton (1999). Contrasting
speeded version of the word stem comple
task with a version requiring conscious rec
lection, they concluded that responding on
speeded version was not contaminated by in
tional retrieval processes.

If it is the case that speeded word readin
not affected by conscious recollection, will
behave like masked word identification, sho
ing similar priming for words that have be
generated and for those that have been read
will it behave like word fragment completio
showing greater priming for words that ha
been read than for those that have been ge
ated? In the case of reading aloud a target w
the mapping is between an orthographic re
sentation of the word and core aspects of kno
edge about that word, including elements o
meaning. Consistent with this idea, Stra
Patterson, and Seidenberg (1995) have sh
that reading aloud an isolated word—wh
conceptual elements of the word might seem
be irrelevant—is nevertheless influenced
conceptual aspects of the word. Specifica
they showed that a word’s rated imageab
affected time to read it aloud.

Evidently, conceptual aspects of words
recruited quite routinely and unconscious
Therefore, we would expect the speeded w
reading test to respond like the masked w
identification test because, unlike word fr
ment completion, both involve exposure of
entire target stimulus at test. We have pr

ously argued that presentation of a complet
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stimulus is more likely to recruit conceptu
processing episodes than is presentation
word fragment or stem (MacLeod & Masso
1997). A complete word, even briefly presen
and masked, can make contact with relev
conceptual knowledge (e.g., de Groot, 19
Sereno, 1991). In contrast, an incomplete s
ulus such as a word fragment may not prov
sufficient orthographic constraints to specify
liably a particular concept. Incomplete stim
may more effectively recruit perceptual rat
than conceptual aspects of encoding epis
because little contact with conceptual kno
edge is possible when the cue consists of on
partial orthographic pattern. Regardless
whether speeded word reading produces a
tern of priming like that found with maske
word identification or with word fragment com
pletion, investigating that task will provide ge
eralization. Because of the automatic natur
word reading, that task stands to be a part
larly worthwhile addition to the arsenal of ind
rect measures that have been developed i
cent years.

There have, in fact, been several previ
studies using speeded word reading as an
rect measure of memory. We have already
cussed the MacLeod (1996) study. Earlier s
ies include the oft-cited Scarborough, Corte
and Scarborough (1977) work, one of the fi
uses of the task as an alternative to the lex
decision task in studying priming. A pair
studies by Durso and his colleagues (Durs
Johnson, 1979; Durso & O’Sullivan, 198
demonstrated that prior study of pictures
objects produced numerically less priming
the speeded reading of words than did p
study of words. Also, Masson and Freedm
(1990, Experiments 4, 5, and 6) made use of
type of test to examine repetition priming
context-specific interpretations of words. In
ery case, priming of previously studied wo
was observed on the speeded word reading

The small amount of priming following stud
of pictures reported by Durso and his colleag
(Durso & Johnson, 1979; Durso & O’Sulliva
1983) suggests that speeded word reading m
not be very sensitive to prior conceptual p

ecessing. We contend, however, that identifying
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212 MACLEOD AND MASSON
or naming pictures, like auditory presentation
words, involves identification processes that
different from those used to identify a visua
presented word. Identification is assumed to
quire selection of a specific candidate w
from among a number of alternatives that
initially recruited by the target stimulus (Ma
son & MacLeod, 1992, p. 163). Depending
the modality of the stimulus, a different set
candidates will be recruited for the same it
(i.e., orthographically similar words, auditor
similar words, objects with similar physical fe
tures). Changes in modality between study
test alter the set of candidates among which
subject must discriminate the target. This
criminative process is claimed to be a subs
tial part of interpretive encoding, and recap
lation of that process following a simil
encoding episode is the basis of repetition p
ing. To the extent that the discriminative p
cess is similar at study and test, more prim
will be found, thereby producing modality e
fects. In comparison to encoding tasks that
volve a change in modality, a more robust pr
ing effect should result from an encoding t
that requires subjects to generate a target fro
semantic cue because we assume that this
emphasizes discrimination of the target’s me
ing from other similar meanings invoked by
cue. This conceptual processing can effecti
support the conceptual processing that we c
is involved when identifying a complete targ
stimulus on tasks such as masked word ide
fication or speeded word reading.

In this article, we report five experimen
Experiments 1 and 3 used definitions and
onyms as generation cues, materials simila
those used for generation in prior experime
(e.g., Jacoby, 1983; MacLeod & Masson, 19
Masson & MacLeod, 1992; Schwartz, 19
Weldon, 1991), to allow straightforward co
parison of the speeded word reading test to p
indirect tests such as masked word identifi
tion and word fragment completion. In Expe
ment 2, we attempted to determine whe
conscious recollection plays any role in the p
formance of speeded word reading by forc
conscious recollection to occur on the heel

the indirect testing of each item. Experiment 4
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further examined the possible contribution
conscious recollection to priming by substit
ing a read-and-associate task for the gene
task, resulting in an encoding task that inclu
conceptual elaboration that should support c
scious recollection. Finally, Experiment 5 us
a modality of encoding manipulation to det
mine whether speeded word reading is sens
to modality changes between encoding and
a hallmark characteristic of other indirect te
that are assumed to be data-driven (see R
ger & McDermott, 1993, for a review of m
dality effects on indirect tests).

EXPERIMENT 1

In Experiment 1, we attempted to replic
with speeded word reading a result that we h
obtained multiple times using the masked w
identification test, namely repetition priming
generated as well as for read words. We h
typically seen equal priming following read a
generate encoding tasks when the latter
involves generating targets from brief defi
tional phrases (MacLeod & Masson, 19
Masson & MacLeod, 1992). In the study pha
subjects read some targets aloud and gene
others from phrases. In the test phase,
target was presented in clear view for as lon
the subject needed to read it aloud. Ta
words from the study phase were tested a
with a set of new, nonstudied target words
speeded word reading leads subjects to re
memory from their earlier processing of tar
words in a way that facilitates word read
performance, then studied targets should be
sociated with shorter reading latencies than n
studied targets. Moreover, if that recruitmen
prior study episodes operates in a manner
ilar to what we have observed with the mas
word identification test, then generated targ
should also produce priming, and that prim
should be similar in magnitude to that obser
for read targets.

Following the speeded word reading test,
gets were again presented on a recognition
in which subjects decided whether those tar
had appeared during the study phase. On
test, we expected subjects to classify more

erate than read items as having occurred in the
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213REPETITION PRIMING IN SPEEDED WORD READING
study phase, in keeping with the frequen
demonstrated observation that generation l
to better performance on direct tests of mem
than does reading (e.g., Begg & Snider, 19
Begg, Snider, Foley, & Goddard, 1989; Mas
& MacLeod, 1992; Slamecka & Graf, 1978)

Method

Participants.Twenty-one undergraduate s
dents from the University of Toronto at Sc
borough were tested individually. For their p
ticipation, all received either $5.00 or one bo
point toward their final grade in Introducto
Psychology.

Materials.The stimuli were 60 of the defin
tion-word items used by Weldon (1991) a
provided in the Appendix of MacLeod and Ma
son (1997).

Apparatus.The experiment was controlled
n IBM-AT compatible microcomputer with
4-in. color VGA monitor. The controlling pro
ram was written in QuickBasic 4.5 and us

he routines given by Graves and Brad
1987, 1988) to achieve millisecond timing
uracy. Items were printed in black on a wh
ackground and were presented centered o
iddle horizontal line of the monitor. Oral r

ponses during the speeded word reading
hase were collected using a microphone p

ioned directly below the screen in front of t
ubject. Response latencies were recorde
he time between stimulus onset on the sc
nd the subject’s oral response into the mi
hone, which triggered a voice key that se
ignal to the computer.
Procedure.For each subject, all 60 item

were read into the program and randomiz
The first 40 were selected as study items;
remaining 20 served as unstudied items. T
each subject received a different set of 40 s
ied items and 20 unstudied items. For the st
phase, the set of 40 items was randomly divi
into two sets of 20. In one condition, the sub
was required to read the word aloud (e.g.,
brella; say “umbrella”); in the other conditio
the subject was required to generate alou
word that fit a short descriptive phrase (e

main course on Thanksgiving - t?; say “tur-
s
y
;

he

st
i-

as
n
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a
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e
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y
d
t
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a
,

key”). The two types of items were random
intermingled in the study sequence.

In the instructions just before the study ph
began, subjects were informed that this wa
memory experiment. They were told that th
would be studying 40 words, 20 of which th
were to read aloud and 20 of which they wer
generate aloud. Subjects were informed
they should learn all 40 words for a later me
ory test. When they indicated that they h
understood the instructions, the experime
pressed a key to begin the study trials. On e
study trial, the item remained on the screen u
the subject made a response, at which poin
experimenter pressed a key to input the a
racy of that trial. A 500-ms blank interval se
arated successive study trials.

The speeded word reading test phase b
immediately following the study phase. T
subject was told that this was a filler task
signed to make the upcoming memory test m
demanding. There were 60 word reading tri
the 40 studied items plus the 20 unstud
items. The order of the test trials was rando
determined for each subject. Subjects were
that their task was to “name the word out lo
into the microphone as quickly as possible w
out making mistakes.” They were also
structed on how to respond into the micropho
Once the subject indicated having underst
the instructions, the experimenter pressed a
and the word reading test trials began.

A 250-ms blank screen preceded the pre
tation of each test word. Then the word w
presented until the subject read it aloud, a
which there was a 250-ms blank interval. Th
the word “READY?” appeared as a cue both
the subject to prepare for the next trial and
the experimenter to input a key press indica
the response accuracy of the just-compl
trial. The “/” key was pressed for correct tria
and the “z” key for incorrect trials. The expe
imenter also wrote down all error respons
The computer then proceeded to the next t

Immediately following the word reading t
als, the subjects received instructions inform
them that the next phase was a memory tes
the 40 words they had studied at the beginn

of the experiment. They were told that they
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214 MACLEOD AND MASSON
would see all 40 study items plus 20 new ite
(that had also appeared on the word reading
as new words) and that their task was to
“yes” if the word was one they had studied a
“no” if it was one they had not studied, tryin
not to let their experience on the speeded w
reading test confuse them. Again, once sub
indicated that they understood the task, the
perimenter pressed a key to start the recogn
test trials. A trial began with a 250-ms bla
screen followed by a word presented at the
center of the screen. Once the subject
sponded, the experimenter input the accurac
the trial by consulting a protocol sheet indic
ing the correct response for each trial. Follo
ing another 250-ms blank interval, the next t
began.

Results and Discussion

In the study phase, subjects failed to gene
the correct target on an average of .10 of
generation trials. Because the experimenter
vided the subject with the correct answer
such trials, these items were included in
analysis of data from the test phase. There
the results we report are not compromised
concerns about item selection effects. This
cedure was followed for all of the experime
reported here. In any case, analyses of
conditionalized on correct responding in
study phase produced the same pattern of re
as did the unconditionalized analyses.

For the test phase, word reading latencies
were longer than 300 ms or shorter than 2
ms were included in the computation of me
for each subject. Latencies outside that ra
were considered errors. Response latency o
ers were handled in this way for all of t
experiments reported in this article. The Typ
error rate for all analyses reported in this art
was set at .05.

Speeded word reading.Table 1 presents th
mean reading latency and mean proportion
errors as a function of encoding task. Th
specific issues were of interest in analyzing
word reading data: (1) whether a prior read
episode would lead to significantly shorter w
reading latencies, (2) whether the generate

coding task would produce priming, and (3) ife
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so, whether that priming would be similar
that observed for the read encoding task. Th
issues were addressed by computing a se
three pairwise comparisons usingt tests. In the
first comparison, the mean latency in the r
condition was found to be reliably shorter th
in the new condition,t(20) 5 2.19, SEdm5

0.321. There was also a reliable priming ef
or generate items,t(20)5 3.54,SEdm5 4.413
but the difference between the read and
generate conditions was not reliable,t , 1. To
estimate the upper bound of the power of
comparison between the read and the gen
conditions, we used an effect size equal to
observed difference between the read and
new conditions; that effect size was the ma
mum difference that would be expected
tween the read and the generate conditions.
resulting estimate of the power of this exp
ment to detect a difference between the read
generate conditions was .93.

Word reading errors were also analyzed u
the same set of comparisons as were applie
the latency data. None of these tests approa
significance,ts , 1.40.

The speeded word reading test provide
lear replication of the pattern of repetiti
riming we have seen in a number of ear

TABLE 1

Experiment 1, Definitions: Mean Response Latencie
illiseconds and Proportions of Errors for the Gener
ead, and New Conditions on the Speeded Word Rea
est, and Mean Proportions of “Yes” Responses on
ecognition Test

Study/test condition

Generate Read New

Speeded word reading test
Reading latency 504 497 52

(20.6) (13.5) (21.8
Proportion error .007 .014 .01

(.004) (.005) (.008
Recognition test

Proportion “Yes” .921 .560 .25
(.016) (.047) (.034

Note.Standard errors are shown in parentheses.
xperiments involving the masked word identi-
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215REPETITION PRIMING IN SPEEDED WORD READING
fication test (MacLeod & Masson, 1997; Ma
son & MacLeod, 1992). That is, when targ
are generated from semantic cues consistin
phrases, they are later identified just as rea
as targets that are initially encoded by readin
clearly presented display. The speeded w
reading test and the masked word identifica
test seem, then, to yield very similar outcom
as a result of prior encoding experiences
both cases, target words are in full view, alb
only briefly in the case of masked word iden
fication. Our claim is that exposure of the en
word, even if only for approximately 30 ms,
adequate to set the stage for recruitmen
memory for prior processing episodes that
volved either perceptual (visual) or concep
processing of the target or both.

The use of the speeded word reading test
intended to make it unlikely that subjects wo
engage conscious recollection strategies to
sist their performance on the test. The m
latencies we observed suggest that such s
gies were not operating, inasmuch as laten
were very similar to those found in typical wo
reading studies that do not involve prior ex
sure to target words (e.g., Andrews, 19
Forster & Chambers, 1973; Seidenberg, Wa
Barnes, & Tannenhaus, 1984). This issue
examined more closely in Experiment 2.

Recognition.The mean probabilities of cla
sifying targets as having occurred during
study phase are shown in Table 1. The pro
bility of classifying generate items as old w
substantially higher than the probability of cl
sifying read items as old,t(20)5 8.43,SEdm5
0.043. This finding is consistent with earl
studies showing a recognition advantage
generate items over read items (e.g., Beg
Snider, 1987; Begg et al., 1989; Masson
MacLeod, 1992; Slamecka & Graf, 1978) a
indicates that subjects are more likely to
aware of the past occurrence of generate ite
Moreover, by using as foils items belonging
the new condition in the speeded word read
test, performance on the recognition mem
test could not be based on a sense of familia
with an item; rather, conscious recollection
an item’s occurrence during the study phase

required to make a positive recognition decision
of
y
a
d
n
s

t

f
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s

;
s,
s
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g
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(e.g., Jacoby, 1991). Given the greater pro
bility of recollection among generate items, o
might have expected to observe more prim
for those items if conscious recollection w
operating on the speeded word reading test
repetition priming for generate items was
greater than for read items, thereby failing
support the suggestion of possible contam
tion by recollection.

EXPERIMENT 2

Despite the apparent encumbrances as
ated with attempting to use conscious recol
tion while performing a word reading test, o
might argue that the repetition priming eff
we observed for generate targets in Experim
1 was nevertheless due to such recollec
Toth et al. (1994) made such an argument w
respect to the repetition priming effects that
observed in the masked word identification
(Masson & MacLeod, 1992), based on th
coupling of the process dissociation proced
with the word stem completion test. Althou
we agree that a test such as word stem com
tion, which does not present a complete sti
lus to the subject, might not be conducive
automatic or unconscious recruitment of p
conceptual processing episodes, we con
that the masked word identification and spee
word reading tests belong to a different clas
indirect tests of memory by virtue of present
a complete stimulus. Therefore, we argue
our finding of similar repetition priming effec
for generate and read encoding tasks is
anomalous and need not result from consc
recollection strategies that favor generate
gets.

As a test of this claim, we conducted a r
lication of Experiment 1 under two differe
conditions. One condition was a straightforw
replication of the procedure used in Experim
1, including a recognition test given after
speeded word reading test was completed
the other condition, rather than having subje
read all test targets prior to making recognit
decisions about all of them, we instructed s
jects to read each target as quickly as pos
and then to make an immediate recogni

decision about that target. We reasoned that if
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216 MACLEOD AND MASSON
subjects already were engaged in conscious
ollection when responding in the word read
test of Experiment 1, the additional requirem
of making a recognition decision after readin
target word should have little or no impact
their reading latency. By adding the recognit
decision, we would simply be sanctioning
operation that subjects had already engage
their own volition.

On the other hand, if subjects do not eng
in conscious recollection while constructing
sponses on the speeded word reading test,
ing the requirement to make a recognition
cision might have a significant influence
their reading latency. In particular, we expec
that requiring a recognition decision after re
ing each target in the test phase would ha
general slowing effect on speeded word rea
responses because subjects might be evalu
evidence for an item’s prior occurrence e
while preparing their reading response. Th
subjects in this condition should take longe
read targets than subjects who are not requ
to follow a reading response with a recognit
decision.

One other prediction regarding the effects
conscious recollection on speeded word rea
was important. If recollection of prior occu
rence reduces word reading latency, then
enforcing attempts at recollection, we sho
observe a reading latency advantage for ge
ate over read targets because the latter are
likely to be recognized. Engaging in conscio
recollection should push the pattern on
speeded word reading test in the same direc
as that on the recognition test.

Method

Participants. Forty-eight students from th
same source as in Experiment 1 received e
$5.00 or one bonus point toward their fi
grade in Introductory Psychology for taki
part. Half of the subjects were assigned to
interleaved condition, where a recognition
cision was made for each word immediat
following the speeded reading of that word; h
were assigned to the blocked condition, wh
the speeded reading and recognition tests

blocked, with all of the speeded reading tes
c-

t

of

e
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d

f
g

y
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re

trials completed before the recognition test
als began. A further three subjects who be
testing did not complete the experiment du
equipment failure, illness, or unwillingness
speak sufficiently loudly for the voice key
detect the response.

Materials.The stimuli were the same as tho
used in Experiment 1.

Apparatus.The apparatus and programm
were exactly as described in Experiment 1.

Procedure.All procedures were carried o
as in Experiment 1 except for changes involv
the recognition test. In the blocked conditi
everything proceeded just as in Experimen
until the subject completed the speeded rea
task. Then, there was a YES/NO recogni
test for the studied words. This consisted of
same 60 words as had just been read aloud
presented one at a time in a new random o
with instructions to say “yes” aloud into t
microphone if the word had been studied (ei
read or generated) and “no” if the word had
been studied. Subjects were cautioned that s
of the unstudied words might have appea
during the reading task (in fact, all of them ha
but their job was to judge only whether ea
word had appeared during the study phase.
format of the recognition test followed that
the reading task except that all of the oral
sponses were either “yes” or “no.”

For the interleaved condition, recognition
each word was evaluated immediately after
word had been read aloud. There was a 250
blank screen after the subject spoke the w
aloud, and then the prompt “Did you say t
word in the first phase? YES or NO” was p
sented, remaining on the screen until the sub
responded. The experimenter again press
key to indicate the accuracy of the trial, usin
preprinted protocol sheet to evaluate the a
racy of the subject’s response for both spee
reading and recognition.

Results and Discussion

The proportion of items that were not correc
generated by subjects in the study phase, ave
over the two groups of subjects, was .06.

Speeded word reading.Mean word readin

tlatencies were computed for each subject as in
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217REPETITION PRIMING IN SPEEDED WORD READING
Experiment 1, and the means across subject
shown in Table 2. These means indicate tha
requirement to make a recognition decis
about a target right after reading it in the t
phase generally increased reading latencies
the pattern of repetition priming effects for t
generate and read conditions remained
similar to what we observed in Experiment
An ANOVA with group (interleaved recogn
tion test and blocked recognition test) and
coding task (generate, read, and new) as fa
confirmed these observations. Subjects in
interleaved group had reliably longer read
latencies than did subjects in the blocked gro
F(1,46) 5 19.63, MSe 5 15,727. There wa
also a reliable difference among the three
coding conditions,F(2,92) 5 17.56, MSe 5
609, as well as a reliable interaction betw
group and encoding task,F(2,92) 5 5.75,
MSe5 606. The interaction indicates that
effect of prior exposure was greater in the
terleaved group than in the blocked group. O
possibility is that conscious recollection p
vided assistance to speeded reading respon
the interleaved group. Were that the case, h
ever, there should have been a greater incr
in priming in the generate condition relative
the read condition. This did not happen, in
cating that attempts at conscious recollec
did not penetrate the speeded word reading

TAB

Experiment 2: Mean Response Latencies in Millisec
onditions on the Speeded Word Reading Test, and M
hown Separately for the Interleaved and the Blocked

Interleaved

Generate Rea

Speeded word reading test
Reading latency 578 57

(16.9) (17.7
Proportion error .004 .00

(.003) (.002
Recognition test

Proportion “Yes” .904 .54
(.020) (.049

Note.Standard errors are shown in parentheses.
We suspect, instead, that this interaction wa
re
e

t
ut

y
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rs
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n
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due to generally longer reading latencies for
interleaved group brought about by the dem
for an immediate recognition decision (see G
eral Discussion).

Because of the reliable interaction, sepa
sets of comparisons (identical to those c
puted in Experiment 1) were computed for
two groups of subjects. The pattern of res
was similar for the two groups. First, there w
a reliable priming effect for read items,t(23) 5
4.02, SEdm 5 10.128, and t(23) 5 3.28,
SEdm5 4.404, for the interleaved and block
groups, respectively. Second, the priming ef
for generate items was significant in the in
leaved group,t(23) 5 4.53,SEdm5 8.764, and
approached significance in the blocked gro
t(23) 5 2.04,SEdm5 3.743,p 5 .053. Finally
mean latencies for generate and read items
not differ reliably, ts , 1.20. The estimate
upper bound on power to detect a generate–
difference in these two groups, using the
served difference between read and new co
tions as the effect size, was .99 for the in
leaved group and .70 for the blocked group

The mean proportions of word reading err
are also shown in Table 2. The error rates w
very low, and an ANOVA with group and e
coding task as factors yielded no signific
effects,Fs , 1.70.

The speeded word reading results of Exp

2

ds and Proportions of Errors for the Generate, Read,
n Proportions of “Yes” Responses on the Recognition
sting Procedure

t Blocked test

New Generate Read N

618 498 492 5
(21.8) (11.3) (9.6) (10.

.013 .013 .013 .0
(.006) (.005) (.006) (.00

.052 .948 .523 .2
(.013) (.010) (.029) (.02
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sment 2 replicated the pattern of repetition prim-
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218 MACLEOD AND MASSON
ing found in Experiment 1. In addition, the
results showed that requiring subjects to ma
recognition decision after reading a word g
erally slowed the production of reading
sponses. We take this finding to mean that
jects normally were not engaging in recollect
attempts while reading words on the spee
word reading test. Although subjects may no
or perhaps reflect on prior occurrence after re
ing a target word aloud, it seems unlikely t
they actively engage in recollective proces
while constructing a word reading response
less task demands lead them to do so. Moreo
despite the interleaved group being affected
recollective processes while forming the w
reading responses, there was no hint of a gre
benefit for the easily remembered generate
gets relative to the read targets. Thus, the
cess or failure of recollection seems to have
no detectable influence on reading latencie

Recognition.The mean proportions of po
tive recognition responses are shown in Tab
Subjects in both test groups discriminated w
between studied and new items. False ala
were particularly low in the interleaved gro
because new items had not previously b
presented in the experiment, whereas in
blocked group all items on the recognition t
had previously appeared in the speeded w
reading test. Hit rates for generate and r
items were analyzed in an ANOVA that a
included group as a factor. This ANOVA r
vealed a main effect of encoding task, wit
significantly higher hit rate for generate than
read items,F(1,46)5 217.36,MSe5 0.017. No
other effects were significant in this analy
Fs , 1.60.

Although both groups of subjects were m
likely by far to recognize generate items th
read items, these two sets of items produ
very similar amounts of repetition priming
the word reading test. The slowing of wo
reading responses produced by the interle
recognition task illustrates why it is not feasi
to apply the retrieval intentionality criterion
the standard way (Schacter, Bowers, & Boo
1989) to examine the potential use of consc
recollection in the speeded word reading ta

Implementing that criterion requires that one
a
-
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d

-
t
s
-
r,
y

er
r-
c-
d

.
l
s

n
e
t
d
d

,

d

d

,
s
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group of subjects perform the task under
structions to use conscious recollection.
present results show that when a more su
inducement to use conscious recollection is
voked (i.e., the interleaved recognition te
response latencies are dramatically lengthe
Even then, the generate–read manipulation
not produce a difference in latencies, althoug
had a large effect on recognition responses.
pattern of results, taken together with the fi
ing that word reading latencies increased s
stantially when subjects were required to m
a recognition decision immediately after re
ing a word, indicates that conscious recollec
of prior occurrence did not play a causal role
repetition priming on the speeded word read
test.

EXPERIMENT 3

Although we have observed in a number
different experiments that generating or read
words can yield similar repetition priming e
fects on subsequent masked word identifica
(MacLeod & Masson, 1997; Masson & Ma
Leod, 1992), we have found that one partic
class of generation cues does not fit this pat
Generation cues that appear to prompt st
integration of the generated target and its
tend to produce less repetition priming than
read encoding task (Masson & MacLeod, 19
Experiments 2 and 6). One type of genera
cue in particular, generation from an anton
has been shown to produce little or no repeti
priming on the masked word identification t
(Jacoby, 1983; Masson & MacLeod, 1992,
periment 2).

Masson and MacLeod (1992) suggested
an antonym generation cue might beco
strongly integrated with its generated targe
the memory representation of that encod
event. When later tested with a brief, mas
presentation of the target word, the integra
episode would come to mind, but there migh
confusion regarding which of the two words
the recruited episode corresponded to the
rent target. Under conditions of masked ta
presentation, very little perceptual evide
would be available to resolve this confusi

thereby permitting errors in which the cue mem-
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219REPETITION PRIMING IN SPEEDED WORD READING
ber of the pair would be erroneously produ
in lieu of the target member, constituting
incorrect response. The speeded word rea
test, however, presents a quite different si
tion. Now, the entire target word remains
view until a response is made. Therefore, s
stantial perceptual information should be av
able to help resolve which element in a recru
generation episode is pertinent to the tas
hand, and the speeded word reading test m
produce a repetition priming effect under c
ditions that did not yield such an effect in t
masked word identification test.

We tested these ideas in Experiment 3
using antonym–target pairs rather than de
tion–target pairs as in Experiments 1 and 2.
clear view of the test word is sufficient to s
lectively recruit prior experience with that wo
from a previous encoding episode that invol
integration with an antonym generation c
then even for antonyms we should find sim
repetition priming effects for generate and r
targets. In contrast, if the integration of anton
cues and generated targets prevents sele
application of prior experience regardless of
nature of the target item at test, then little or
repetition priming should be found for gen
ated targets.

Method

Participants.Nineteen new subjects from t
same pool as Experiment 1 took part, with
data of one subject discarded due to an ex
tionally high generation error rate during stu
(50%) and extremely long latencies on
speeded word reading test (most longer
800 ms). All subjects received one bonus p
toward their final grade in Introductory Ps
chology for taking part.

Materials. The stimuli were the 60 antony
pair items used by Masson and MacLeod (19
Experiments 2, 10, and 11; see their Appendix

Apparatus.The apparatus and programm
were exactly as described in Experiment 1.

Procedure.The procedure was the same a
xperiment 1 with three exceptions. First,
aterials were changed such that the gener

ule now required the subject to say the oppo

f the cue word beginning with the specifiedn
g
-

-
-

t
ht

y
-

,

ve

p-

n
t

,
.

n
e

letter (e.g., question - a?; respond “answe
Second, the speeded word reading test w
were presented in one of four colors—red, b
green, or yellow—randomly and equally oft
in each condition. The subjects were instruc
to ignore the color of print and simply read
word aloud as quickly as possible. Third, th
was no recognition test; only the speeded w
reading test was conducted.1

Results and Discussion

In the study phase, on average .16 of
items in the generate condition were not c
rectly reported by subjects. As in the ear
experiments, subjects were told the correct
get word whenever they failed to generat
themselves.

The mean word reading latencies as a fu
tion of encoding task are shown in Table 3. T
pattern of means was very similar to that fou
in Experiments 1 and 2, with shorter latenc
for both generate and read items than for
items,t(17)5 2.48,SEdm5 5.433, andt(17)5
3.82,SEdm5 5.665, respectively. There was
reliable difference between generate and

1 In fact, there was another indirect test administered
he speeded word reading test. This was a test of
aming analogous to the familiar Stroop (1935) task. O

nally, Experiment 3 was to form part of another se
omparing speeded word reading and color naming (M
eod, 1996), but ultimately the present experiment was

ncluded in that series. For this reason, only the spe
ord reading data are reported here. Color naming sh

TABLE 3

Experiment 3, Antonyms: Mean Response Latencie
illiseconds and Proportions of Errors for the Gener
ead, and New Conditions on the Speeded Word Rea
est

Study/test condition

Generate Read New

Reading latency 524 515 53
(16.1) (16.1) (16.0

Proportion error .022 .031 .05
(.009) (.011) (.017

Note.Standard errors are shown in parentheses.
o effect of prior study.
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220 MACLEOD AND MASSON
items, t(17) 5 1.74, SEdm5 4.717,p 5 .10.
he estimated upper bound on the power of
ontrast to detect a difference between gene
nd read items, based on an effect size equ

hat observed between read and new items,
98.

The mean proportions of errors on the w
eading test are also shown in Table 3. Pairw
omparisons did not find any significant diff
nces, allts , 1.83.
The results of the speeded word reading

learly show that targets generated from
nym cues produced about as much repet
riming as did targets that were read. This o
ome contrasts with results obtained using
asked word identification test (Jacoby, 19
asson & MacLeod, 1992, Experiment 2),
hich little or no repetition priming was foun
mong targets generated in that way during
tudy phase. Although it might be sugges
hat the different results found with mask
ord identification and speeded word read
ould be due to conscious recollection strate
perating during the speeded word reading

he results of Experiment 2 argue against
ossibility.
The finding of similar repetition priming fo

argets generated from antonyms and for tar
hat were read during study is not entirely n
asson and MacLeod (1992, Experiment

eported such a result with the masked w
dentification test. In that experiment, howev
he encoding phase involved a mixture of th
ypes of encoding tasks: generate from an
nym cue, generate from a synonym or ass
te cue, and read in isolation. The rationale

hat mixture was that the use of two differ
eneration cues would reduce the likelihood
trong integration of cues and targets becau
he requirement to deliberately select the cor
eneration rule. No such requirement was
lace for Experiment 3, yet generation of

argets from antonym cues produced as m
epetition priming as did reading the targe
his result is consistent with the proposal th
lear view of the target at the time of test is
dequate basis for selectively recruiting p
xperience with the target word from memo

elective recruitment apparently is less likely top
s
te
to
as

e

t
-
n
-
e
;

e
d

s
t,
t

ts
.
)

,

t-
i-
r

f
of
t

h
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r
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ccur when the target is available only briefly
hat there is little basis for determining wh
lement of an integrated episode is the cur

arget.
With the results of Experiment 3 in hand,

ave three independent demonstrations of
lar repetition priming for generate and re
tems. Because this similarity constitutes a
ffect, we have been particularly concer
bout power to detect a difference between
enerate and the read conditions. Altho

hree of our four tests for this effect had h
pper bounds on power, we note that in all f

ests there was a small advantage for the
ver the generate condition (between 1 an
s).
To conduct a more powerful test for a diff

nce between the generate and the read c
ions, we combined the data from Experime
–3. The mean latencies for the generate
ead conditions, based on data from 87 subj
ere 527 and 522 ms, respectively. These
eans were not reliably different,t(86) 5 1.56,

SEdm5 3.570. The power of this test to det
an effect of 12.5 ms, which is half the size of
advantage of the read condition over the n
condition averaged across all 87 subjects,
.94. Therefore, if there is a very small syste
atic difference between the generate and
read conditions, it most likely is less than h
the size of the repetition priming effect found
the read condition and quite possibly close
the 5-ms average difference observed acros
three experiments reported here.2 That smal
difference does not threaten the proposition
a conceptually based encoding episode can
sequently enhance word reading speed as

2 One might question the inclusion of the results from
nterleaved group in Experiment 2 in this combined ana
ver experiments on the ground that subjects in that g
ere treating the speeded word reading task some
ifferently from other subjects in these experiments du

he requirement to make a recognition decision on each
n view of this concern, we recomputed these anal
mitting the interleaved group from Experiment 2. Base
3 subjects, the resulting 6.5-ms generate–read diffe
as not reliable,t(62) 5 1.64, SEdm5 3.972, and th
stimated power to detect a difference equal to half

riming effect found in the read condition was .78.
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221REPETITION PRIMING IN SPEEDED WORD READING
as, or nearly as well as, a perceptually ba
encoding episode.

EXPERIMENT 4

In Experiment 4, we sought further eviden
regarding the possibility that repetition primi
in the speeded word reading test could be
fected by conscious recollection or by elabo
tive encoding. We followed a strategy similar
that used by MacLeod and Masson (1997) in
context of the masked word identification te
Namely, we introduced an encoding task
involved both interpretive and elaborative c
ceptual processing components: Subjects
required to read aloud a target word, which
expected would involve perceptual and conc
tual components of interpretive encoding,
then to produce an associate to that w
thereby invoking elaborative conceptual enc
ing. The added conceptual processing tha
part of this read–associate task was intende
provide substantial opportunity for conscio
recollection and elaborative encoding proce
to influence performance on the masked w
identification test. If such influences were
operate, the read–associate condition w
gain additional sources of benefit relative to
read condition and would be expected to y
greater repetition priming than the read con
tion. If those influences do not operate on
speeded word reading task, however, the
and read–associate encoding tasks should
to similar amounts of repetition priming b
cause of their common interpretive encod
component. In our view, generation of an as
ciate is primarily an elaborative operation a
therefore should contribute little to repetiti
priming in the speeded word reading task.
this reason, a recognition test was given a
the speeded word reading test as a manipul
check to verify that subjects had substanti
better conscious recollection for read–assoc
items than for read items.

Method

Participants.Twenty-four subjects from th
same pool as Experiment 1 participated in
experiment. The data of four subjects were

carded due to language difficulties. All subjects
d

f-
-

e
.
t

re

-

,
-
is
to

s
d

d

-

d
ad

-

r
r
n

te

s
-

received one bonus point toward their fi
grade in Introductory Psychology for their p
ticipation.

Materials. The stimuli were the same wor
as used in Experiment 1.

Apparatus.The apparatus and programm
were exactly as described in Experiment 1,
cept that stimulus presentation was now l
justified on the middle horizontal line.

Procedure.There were two changes with
spect to Experiment 1; otherwise, everyth
was identical to that experiment. First, this tim
the two encoding conditions were block
MacLeod and Masson (1997, Experiment
have shown that this change does not see
alter the outcome of such experiments w
only two encoding tasks are used. Second,
of the encoding tasks was changed: In one
dition, the subject was required to read the w
aloud; in the other, the subject was require
read the word aloud and then to produce
associate aloud (e.g., sandwich; respond “s
wich. . . bread”). The order of study blocks w
counterbalanced across subjects, with a
minder of the task change preceding the sec
block. The order of study trials within the tw
study blocks was randomly determined for e
subject. As in Experiment 1, a recognition t
followed the speeded word reading test.

Results and Discussion

Speeded word reading.The mean word rea
ing latencies shown in Table 4 indicate that
read and read–associate conditions both
duced reliable repetition priming relative to
new condition,t(19) 5 2.77, SEdm5 7.500
andt(19)5 2.81,SEdm5 10.268, respectivel
Mean response latency in the read and re
associate conditions did not reliably differ,t ,
1.10. The upper bound on the power of the la
comparison to detect a difference between
read and the read–associate conditions, as
ing an effect size equal to that observed betw
the read and the new items, was estimate
be .87.

The mean proportions of errors in each of
encoding conditions are also shown in Tabl
Comparisons involving each pair of conditio

yielded no significant effects,ts , 1.40.
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222 MACLEOD AND MASSON
Recognition.The mean proportions of po
tive recognition decisions in each encoding c
dition are shown in Table 4. The proportion
hits in the read–associate condition was s
stantially higher than that in the read conditi
and this difference was statistically significa
t(19) 5 5.95,SEdm5 0.072.

The results of Experiment 4 indicate that
added benefit of elaborative conceptual proc
ing in the read–associate condition, as
denced by improved recognition performa
relative to the read condition, had no detecta
effect on word reading latencies. This outco
is consistent with the view that conscious r
ollection of prior occurrence, or elaborat
conceptual encoding, makes no substantial
tribution to the repetition priming found in th
speeded word reading test. Consistent with
earlier proposal (Masson & MacLeod, 199
indirect tests of memory that involve the ide
tification of target words appear to be affec
by the initial interpretive encoding but not
the subsequent elaborative encoding of w
during study episodes.

When generating a word from a sema
cue, the mapping is between conceptual kno
edge recruited by the cue and conceptual kn
edge about the cued word. Elaborative enco

TABLE 4

Experiment 4: Mean Response Latencies in Milliseco
nd Proportions of Errors for the Read-Associate, Read
ew Conditions on the Speeded Word Reading Test,
ean Proportions of “Yes” Responses on the Recogn
est

Study/test condition

Read–Associate Read Ne

Speeded word reading test
Reading latency 492 500 52

(8.2) (12.2) (15.4
Proportion error .025 .033 .04

(.011) (.009) (.012
Recognition test

Proportion “Yes” .938 .508 .22
(.017) (.062) (.040

Note.Standard errors are shown in parentheses.
operations of the sort required by the associat
-

-
,
,

s-
-

e

-

n-

r

s

l-
l-
g

generation part of the read–associate task
engaged after the target word has been id
fied through interpretive encoding and invo
moving outward or diverging from the target.
contrast, interpretive encoding serves to c
verge on a particular interpretation of the tar
It is the reenactment of this convergence th
assumed to support repetition priming on id
tification tests.

EXPERIMENT 5

In Experiments 1–4, we consistently show
that prior encoding led to repetition priming
speeded word reading. None of our encod
tasks, however, brought about reliably differ
amounts of repetition priming. One might
concerned, therefore, that any prior experie
with target words would reduce word read
latencies by about the same amount on a
sequent speeded word reading test. That is
test may just be a blunt instrument, not sens
enough to detect different amounts of repeti
priming among different encoding tasks. W
addressed this question to some extent by
viding power estimates but the disadvantag
that approach is that power estimates depen
the effect size one assumes.

In Experiment 5, we took a different a
proach in testing the possibility that the wo
reading test was not adequately sensitive t
able to detect differences between enco
tasks. To do this, we manipulated the natur
the perceptual experience with target words
ing the encoding phase. Following earlier w
that has shown modality-specific effects in te
such as word fragment and word stem com
tion and masked word identification (e.g., G
Shimamura, & Squire, 1985; Jacoby & Dall
1981; Kirsner, Dunn, & Standen, 1989; R
jaram & Roediger, 1993; Roediger & Blaxto
1987; see Roediger & McDermott, 1993, fo
review), we varied the modality of presentat
of words during the encoding phase. Half of
studied items were presented visually to be
silently, unlike in the usual read encoding t
where they were read aloud. The other hal
the studied items were presented auditorily t
heard. In this way, no overt response was

s
d
d
n

equired for either condition. The speeded word
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223REPETITION PRIMING IN SPEEDED WORD READING
reading test, like other indirect tests of mem
for words, has a strong perceptual compon
inasmuch as the target word is presented v
ally for identification. We expected that this t
would therefore be sensitive to differences
the modality of the encoding task. More spe
ically, the read encoding task should prod
more repetition priming than the auditory e
coding task.

Method

Participants. Twenty-one subjects partic
pated in this experiment. The data from o
subject were discarded due to language diffi
ties. All subjects received one bonus point
ward their final grade in Introductory Psych
ogy for their participation.3

Materials. The stimuli were the same wor
as used in Experiment 1.

Apparatus.The apparatus and programm
were exactly as described in Experiment 4, w
one addition. For auditory items, an Eiki Mod
3192 tape player was used to record and pre
the stimuli to the subject in a male voice.

Procedure.As in Experiment 4, the two e
coding conditions were presented in bloc
format. One set of 20 words was presen
visually; the other set was presented audito
Order of study block presentation was coun
balanced across subjects. The order of s
trials and the assignment of individual words
the visual and auditory study conditions w
randomly determined for each subject.

In the visual presentation encoding block, e
word appeared at the center of the left side o
screen for 750 ms, followed by a blank screen
750 ms. Subjects were instructed to read
words silently as they appeared. In the audi
presentation, the stimuli were prerecorded on
for each subject and the screen was blank.
audio tape was constructed so as to mimic
visual study presentation. Specifically, a word
read aloud into the tape recorder every 750
The audible word was then followed by a 750-

3 All of the subjects in this experiment participated
nother experiment as well. Ten subjects did this ex
ent first and then a Stroop-type experiment; the othe
id the reverse. Order of experiment participation had
tmpact on the speeded word reading data.
t
-

e

l-
-

nt

d
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-
y

h
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e
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e
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blank interval. Subjects were instructed to lis
carefully to the words as they were presented
no response was required. Thus, the pacing o
auditory and visual trials was as similar as po
ble, the only difference being that the visua
presented words were on continuously for
entire 750 ms whereas the auditory words w
not. Between study blocks, subjects were
minded of the switch from auditory to visual p
sentation (or vice versa). The recognition test
lowed the speeded word reading test as
Experiment 1.

Results and Discussion

Speeded word reading.The mean word rea
ing latency and mean proportion of errors
each encoding condition are shown in Tabl
It is worth keeping in mind that the visu
condition is identical to our usual read con
tion, except that subjects did not read alo
Pairwise comparisons indicated that words
the visual and auditory study conditions w
both read in less time than new words,t(19) 5
4.16,SEdm5 7.278, andt(19)5 2.52,SEdm5
6.282, respectively. Also, response latencie
the visual condition were reliably shorter th
those in the auditory condition,t(19) 5 2.20,

Edm5 6.562. The same comparisons app

i-
0

TABLE 5

Experiment 5: Mean Response Latencies in Milliseco
nd Proportions of Errors for the Auditory (Hear), Vis
Read), and New Conditions on the Speeded Word Rea
est, and Mean Proportions of “Yes” Responses on
ecognition Test

Study/test condition

Auditory Visual New

Speeded word reading test
Reading latency 572 558 58

(17.4) (16.8) (18.8
Proportion error .025 .025 .03

(.007) (.008) (.011
Recognition test

Proportion “Yes” .755 .718 .54
(.021) (.029) (.035

Note.Standard errors are shown in parentheses.
o the error rates in Table 5 failed to detect any
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224 MACLEOD AND MASSON
significant effects,ts , 1.30. The speeded wo
reading test, then, was sufficiently sensitive
detect different amounts of repetition priming
visual and auditory study conditions. Thus,
test shares with other widely used indirect t
of memory (i.e., word fragment and word st
completion and masked word identification)
characteristic of being sensitive to change
modality.

Recognition.The mean proportion of positiv
recognition decisions in each condition
shown in Table 5. Although the mean hit r
was slightly less in the visual condition than
the auditory condition, the two means did
significantly differ,t , 1.30. Therefore, despi
similar performance on the recognition test,
visual and auditory conditions led to differe
amounts of repetition priming on the spee
word reading test.

Experiment 5 clearly demonstrates t
speeded word reading is sensitive as an ind
measure of memory. One of the most w
established findings in the literature—the r
able modality effect (see Roediger & McD
mott, 1993, for a review)—emerged here. M
specifically, the speeded word reading mea
was affected by modality, whereas the reco
tion measure was not—the typical dissociat
Thus Experiment 5 assures us that spe
word reading is not simply a general “pr
occurrence” detector, immune to the nature
that prior occurrence. Rather, this indirect m
sure shares the most prominent characterist
other indirect measures that are assumed t
data-driven, in addition to offering the virtues
full exposure of the test stimuli and reduc
opportunity for conscious recollection to
trude.

GENERAL DISCUSSION

This series of five experiments has provi
at least four noteworthy results. First, spee
word reading is a reasonable indirect measu
memory: Prior processing of a word, whet
through reading it or generating it, results
reliable priming on this test, apparent in all fi
experiments. Second, with the notable exc
tion of antonym generation (the present Exp

iment 3 versus Experiment 2 of Masson & Mac-
s

n

t

t
ct
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d
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of
e

d
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r
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Leod, 1992), the pattern of priming in spee
word reading coincides with that previously
ported for masked word identification (Ma
Leod & Masson, 1997; Masson & MacLeo
1992, 1996), establishing the generalizability
that pattern. Third, as a sort of litmus test for
indirect status, the familiar modality effect se
on other indirect tests that are assumed to
data-driven (for a review, see Roediger & M
Dermott, 1993) is also apparent for spee
word reading. Finally, precautions to evalu
whether conscious recollection might be c
taminating the speeded word reading meas
and thereby undermining its indirect test sta
were also reassuring.

Speeded Word Reading as an Index of
Memory

We maintain that speeded word reading
very good indirect index of memory and sho
see more use as such. The measure involve
exposure of the test item, obviating the need
any sort of problem solving such as that wh
might be required in the word fragment co
pletion task. Because of this full exposure,
task is also easy for the subject and does
lead to any item selection difficulties. Also, t
measure is speeded, with subjects urged to
form as quickly as possible. Together, th
three features work against any tendency on
part of subjects to try using conscious recol
tion to assist their performance. The task
readily performed without such recollection;
deed, performance would in all likelihood
harmed by attempts to recollect (e.g., the sl
ing in Experiment 2). Moreover, the task sho
the most prevalent signature of purporte
data-driven indirect tests in the occurrence
the modality effect (Experiment 5).

Although we observed in Experiment 5 t
the priming effect in the auditory condition w
less than that in the read condition, it was no
theless, in absolute terms, as large as the p
ing effects observed in Experiments 1–3 for
generate encoding task. This observation m
be seen as suggesting that the priming effec
the auditory and generate conditions stem f
a common source, namely auditory percep

of the word—in the act of generating the items,
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225REPETITION PRIMING IN SPEEDED WORD READING
the subjects pronounced them and hence
heard them. There are two arguments aga
this notion. First, in Experiment 5, subjects
not hear words in the read condition (they r
silently), yet the priming effect in this conditio
was larger than that in any of the read con
tions where the subjects read aloud (with
exception of the interleaved condition of Exp
iment 2). This comparison indicates that hea
the targets in the study phase does not ma
substantial contribution to priming.

Second, we suggest that the relatively la
priming effects seen in Experiment 5 were
aggerated because of the generally long
sponse times in that experiment. Although i
not clear why response times were so lon
Experiment 5, there is evidence across our
periments for a strong relation between the
of priming effects and the absolute magnit
of response latency: Across the 127 subjec
our five experiments, the correlation betw
size of the priming effect in the read condit
and response latency in the new condition
r(125) 5 .64, p , .001. The priming effects
the interleaved condition of Experiment 2, l
those of Experiment 5, appear to have b
exaggerated because of their generally long
tencies. Note that the generate priming effec
the interleaved condition of Experiment 2 (
ms) was significantly larger than the audit
priming effect in Experiment 5 (16 ms),t(42)5
2.13,SEdm5 11.189.

We are particularly encouraged to see
close parallels between the speeded word r
ing data pattern in the present article and
masked word identification data pattern in
previous work (MacLeod & Masson, 199
Masson & MacLeod, 1992, 1996). Both ta
fully expose the test word, albeit only ve
briefly in the masked word identification ta
Our argument is that this complete expos
recruits the record of prior processing of
item, in particular accessing the initial interp
tive encoding of the item. This encoding, wh
we have argued contains both perceptual
conceptual aspects (see Masson & MacL
1992), supports priming of words that ha
been read or generated, or indeed read

associated.
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The only discrepancy between the data
terns on the two tasks is in the case of anto
generation. In masked word identification, th
appears to be little or no priming for wor
generated from antonyms (Jacoby, 1983; M
son & MacLeod, 1992, Experiment 2), wher
in speeded word reading, generated anton
produce priming similar to that for read wor
(the present Experiment 3). Of course, any
count we offer for this discrepancy is neces
ily post hoc. However, we suggested (Masso
MacLeod, 1992) that the cue in antonym g
eration might become integrated with the ta
during encoding. At the time of test, there mi
therefore be confusion about which of the t
words in the recruited episode is in fact
target. A brief, masked presentation of the ta
would provide little perceptual evidence to
solve this confusion. In contrast, full expos
on the speeded word reading test would pro
the necessary perceptual information. This
pears to be a plausible explanation for the
that antonyms behave differently on the t
types of indirect test.

The Influence of Prior Conceptual Processi

Our key point is not that the priming is equ
alent for the generate and read conditions
rather that even conceptually processed w
do show substantial priming on indirect tests
this sort. There is, therefore, evidence of p
conceptual processing affecting subsequent
cessing on indirect tests. Obtaining this re
with an indirect test—one that appears v
unlikely to be affected by attempts at consci
recollection—runs counter to the proposal m
by Toth et al. (1994) to the effect that conc
tual encoding operations do not have an a
matic influence on memory when data-driv
indirect tests of memory are used. We ass
that the speeded word reading test would
considered a data-driven test by Roedig
(1990) classification, given the task requirem
of identifying an isolated stimulus and the m
dality-specific nature of priming on this ta
(Experiment 5).

Some indirect tests that are assumed to
data-driven, such as speeded word reading

masked word identification, nevertheless show
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226 MACLEOD AND MASSON
nearly equivalent priming for perceptually a
for conceptually encoded items. Others, suc
word fragment completion (MacLeod & Ma
son, 1997; Weldon, 1991), show considera
more priming for perceptually encoded item
but still show priming for conceptually encod
items as well. We are quite certain that t
difference is real given the numerous exp
ments we and others have done using t
measures. Our view is that the availability o
fully specified orthographic pattern, as in
masked word identification and the spee
word reading tasks, recruits both perceptual
conceptual processing episodes. A test inv
ing partially specified orthographic patter
such as word fragment completion, must r
more heavily on recruitment of perceptual p
cessing episodes because the impoverishe
stimulus is often insufficient to specify a part
ular conceptual meaning and therefore is
likely to recruit conceptual processing episod

There exists a possible alternative accoun
why the generation encoding task produ
priming in speeded word reading. The occ
rence of errors during generation might indic
that subjects resort to spelling the targets
themselves because of uncertainty regar
their responses. Such spelling would consti
a kind of covert perceptual processing of
targets, which could then underlie the obser
priming. Although not decisive, there is so
evidence that is inconsistent with this possi
ity: When we used the antonym generation
previously (Masson & MacLeod, 1992, Exp
iment 2), we obtained no evidence of priming
the masked word identification task, which s
gests that at least this encoding task does
necessarily induce covert perceptual proces
Nevertheless, this is a plausible account and
are currently conducting experiments to tes
viability.

Direct and Indirect Tests of Memory

Gradually, we are learning more about
differences in how people use their memo
on direct and indirect tests. Like Roedige
(1990) account, our view is a transfer appro
ate processing explanation (Morris et al., 19

We see the two types of tests as generally re
s
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cruiting different types of encodings. Dire
tests recruit the more extensive elaborative
codings that we undertake once we have re
tered a stimulus and made a quick first pas
interpreting it. The most typically used forms
these tests (recall and recognition) are prima
sensitive to how we think about the meaning
the stimulus on the two encounters and to
extent that these extended semantic proce
episodes overlap in their memory represe
tions. Moreover, these tests ordinarily all
processing at test to go on for as long as
subject requires, either with a complete stimu
(recognition) or with no stimulus at all (reca
When a complete or partial stimulus is availa
as a cue, as in the recognition test, recruitm
of prior interpretive encoding operations is a
likely to be involved. We suggest that the
cruitment of interpretive and of elaborative
pects of a prior encoding form the basis
familiarity and recollection processes that
pear to determine performance on recogni
tests (Jacoby, 1991).

Under our view, indirect tests that invol
identification of a stimulus call forth the initi
interpretive encoding of the item and do
ordinarily draw upon prior elaborative encod
operations (conceptually driven indirect te
such as those involving general knowle
questions would be an exception to this cha
terization). Interpretive encoding includes b
perceptual and conceptual components.
cause the goal when this encoding was for
was to interpret the stimulus, this is the enc
ing most likely to be helpful when faced with
degraded test stimulus or the requirement f
rapid response. Here, recollection is not
quired but interpretation is. Although it rema
to be discovered how the weighting of the c
ceptual and perceptual elements works in v
ous indirect tests, we are beginning to see s
consistent patterns across tests and situatio

Remembering is a process of mapping
experience onto present experience, somet
consciously, sometimes unconsciously. C
scious recollection can be seen as a constru
that optionally accompanies the fluent, skil
performance that is supported by prior exp

-ence. To the extent that elements of prior epi-
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227REPETITION PRIMING IN SPEEDED WORD READING
sodes come to mind fluently and can be dis
guished from other episodes, we c
(re)construct an earlier episode and conc
that this construction is an accurate accoun
the past. Either interpretive or elaborative
coding episodes can support fluent per
mance, depending on the kind of task. Howe
recruitment of elaborative encoding episode
more likely to be accompanied by construct
of awareness of prior occurrence. This is
cause elaborative encoding creates greater
tinctiveness and offers more convincing e
dence regarding the source of the episode.

There are no doubt myriad ways to use m
ory. The indirect/direct dichotomy helps to ca
ture one dimension of the experience of rem
bering, but it only scratches the surface.
goal must be to understand the procedures
we use when we process information both
first time and subsequently, usually expresse
terms of the encoding/retrieval distinction. Y
thinking in terms of that distinction may ac
ally undermine our ability to understand h
prior processing connects with subsequent
cessing. In the end, encoding and retrieval
have much more in common than there is
separate them. They are simply names fo
earlier processing episode and a later proces
episode, but it is the processing overlap, not
temporal sequence, that must be emphasiz
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