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Repetition Priming in Speeded Word Reading: Contributions of
Perceptual and Conceptual Processing Episodes
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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. Adriefly on the screen prior to a mask, the oppo
one striking illustration of this principle, Jacobysite pattern appeared: Performance benefite
(1983) reported a contrast between two tests afiore for words that were read than for words
memory. Consistent with the levels of processhat were generated.
ing framework (Craik & Lockhart, 1972), Results such as these, constituting a dissoc
words generated from antonyms during studgtion between the two tests, have become tt
were subsequently more easily recognized thdoundation for a categorization of memory tests
were words that had simply been read durings eitherdirect—involving conscious recollec-
study. This is well known as “the generationtion, as in the case of recognition— amdi-
effect” (Slamecka & Graf, 1978). Yet on arect—not requiring conscious recollection, as in
masked word identification test (which he rethe case of masked word identification, a tes
ferred to as a “perceptual identification test”)that can be performed even without a priol
where subjects were to identify words appearingtudy episode. This distinction between categc

ries of tests is now firmly entrenched in the
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a transfer appropriate processing approach &ways be treated as a truly indirect test by
memory (Morris, Bransford, & Franks, 1977;subjects. Identifying the test words is a difficult,
Roediger, 1990). Under such a view, it is thelemanding task, given their exceedingly brie
relation between initial processing (at studygxposure duration. Perhaps, then, subjects occ
and later processing (at test) that determinesonally resort to a strategy of conscious recol
remembering. The greater the overlap in prdection of studied words in an attempt to find
cessing on the two occasions, the more successie that “fits.” If so, the nominally indirect test
ful remembering is likely to be. The Jacobybecomes functionally direct. According to this
pattern in particular has been taken as evidentise of reasoning, once conscious recollectiol
that reading leads to a data-level analysis of thatrudes, the retrieval advantage for generate
stimulus as actually perceived, an analysis wellords necessarily also intrudes. On this ac
matched to a subsequent test assumed to teunt, the priming for generated words in stud
perceptual in nature, such as masked word ideres that have used masked word identificatiol
tification. Generation, on the other hand, em@MacLeod & Masson, 1997; Masson & Mac-
phasizes conceptual encoding, a process muchod, 1992; Schwartz, 1989; Weldon, 1991
more akin to that required for successful recoleould have occurred because subjects used cc
lection on a conceptual direct test such as rescious recollection, which favors generatec
ognition, or priming on a conceptually drivenwords and may even offset the advantage c
indirect test such as general knowledge questiorad words found when the task is performe
answering (Blaxton, 1989). This is the kind oftruly indirectly.
interpretation that Roediger and his colleagues Toth, Reingold, and Jacoby (1994) used th
(Roediger, 1990; Roediger & McDermott,process dissociation procedure to show the
1993) have championed. generating targets from a semantic cue failed t
Despite its replicability (e.g., Masson & Mac-produce an unconscious influence of memor
Leod, 1992, Experiment 2; Schwartz, 1989pn a word stem completion task. Their analysi:
Weldon, 1991), however, the Jacoby (1983ndicated that the generation task produced onl
data pattern is far from ubiquitous. Masson and conscious influence of memory on that task
MacLeod (1992) and MacLeod and Massoifoth et al. further suggested that their findings
(1997) have argued that the advantage of readeuld be generalized to other indirect tests o
ing over generation from a semantic cue seenmsemory such as masked word identificatior
to hold only when encoding tasks are presentetlat are assumed to be data-driven. By thi
in blocked format or when generation cues proaccount, any priming on such tests that is pro
mote strong integration with generated targetduced by generation during encoding is proba
(e.g., antonym pairs). Under other conditionsyly due to contamination by conscious recollec
the common pattern for the masked word idertion. Contrary to this view, and also using the
tification test is priming of similar magnitudeword stem completion task, Bodner, Masson
for words that were read versus generated, dand Caldwell (1999) have shown that the pro
spite a considerable advantage for generatedss dissociation procedure can underestima
words on a recognition test. We hasten to poininconscious influences of memory produced b
out that from our perspective, the important factonceptual encoding tasks such as generatior
is that there is reliable priming for generated In our past work, we have argued against thi
items, whether that priming is less than or equaontamination claim. In particular, we demon-
to the priming observed for read items. On thistrated that in the very same masked word ider
basis, we claim that both conceptual processirgication paradigm we could produce the ad-
and perceptual processing during a first encoumantage for read words over generated word:
ter (study) are relevant to performance on with no priming in the latter case, when the
second encounter (test), even on an indirect teshaterials were antonyms—thereby replicatin
One of the criticisms that can be leveled athe Jacoby (1983) pattern with his materials—
masked word identification is that it may notbut not for a variety of other materials, includ-
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ing synonyms, phrases, and famous namewmally tap the further elaborative encoding
among others (see Masson & MacLeod, 1992fMacLeod & Masson, 1997; Masson & Mac-
It is not clear why conscious recollection wouldLeod, 1992). Indirect tests are assumed to en
affect only some of our experiments or be inphasize the initial interpretive encoding if they
duced by only some of our materials. Furthermeasure a subject’s ability to identify a specific
more, in another indirect test of memory that isarget stimulus, particularly under data-limited
assumed to be data-driven—the widely usedr speeded conditions. A previous interpretive
word fragment completion test—we (MacLeodencoding episode is therefore more relevar
& Masson, 1997) have produced a consistetthan previous elaborative encoding. Because it
priming advantage for read items over geneterpretive encoding involves both perceptua
ated items like that reported by others (see Roand conceptual processing, we would expec
diger & McDermott, 1993, for a review of prior stimuli encoded by either reading or generating
studies). There is no basis for assuming thab show priming, which fits with the data that
word fragment completion is any less vulnerawe and others have consistently observed fc
ble to conscious recollection than is maskethe masked word identification task. That we
word identification. Indeed, we argue the oppohave generally obtained similar amounts o
site in MacLeod and Masson (1997). priming on masked word identification for read
Our explanation for all of these results, likeand generate conditions suggests that, for th
Roediger’s (1990), rests on the idea of transfeask, the contribution of conceptual encoding i
appropriate processing. However, Roediger aactually quite substantial, a conclusion at odd
gued that indirect tests such as word fragmemtith the Roediger (1990) and Toth et al. (1994
completion are largely data-driven, or percepproposals.
tual, and that direct tests such as recall or rec-
ognition are largely conceptually driven. Note THE PRESENT STUDY
that this position does allow for conceptually Our goalin the series of experiments reporte
driven indirect tests or data-driven direct testdiere was to explore the read vs generate mani
and some ingenious experiments have been ngation using another indirect measure: speede
ported demonstrating such situations (see, e.gvord reading. Here, a subject simply read:
Roediger & McDermott, 1993, for a review). Inaloud a fully exposed test word as quickly as
contrast to this approach to classifying tasks, weossible into a microphone; the dependent me:
have proposed (MacLeod & Masson, 1997sure is response latency. Sometimes calle
Masson & MacLeod, 1992, 1996) that stimulusnaming” (e.g., Balota & Chumbley, 1984),
identification, whether nominally at encoding oispeeded word reading appears to be a partic
at retrieval, involves both perceptual and conlarly good candidate as an indirect measur
ceptual processing. At the time of study, there ibecause performance of the task is very rapi
a mandatory initial interpretive encoding; thisand virtually automatic. The claim of automa-
first encoded rendition of the stimulus takes intdicity is supported by the well-known Stroop
account multiple dimensions of the stimulus i(1935) effect in which color words cannot be
context and leads to identification of that stimdisregarded when the task is to name the in
ulus. This encoding can be likened to the proeolors in which those words are printed (e.g.
cess of integration described by Graf anday “red” to the word GREEN written in red
Mandler (1984). There may also be a furtheink). Because of its automaticity—defined by
elaborative encoding, given the appropriate ints ease and speed, as well as by the absence
structions, motivations, opportunities, or theany need for problem solving, given exposure
like, that emphasize some aspect of the identdf the entire word without time restriction—
fied stimulus. word reading should be relatively uncontami-
We have proposed that indirect measures onated by conscious recollection.
dinarily make contact with the initial interpre- This claim receives empirical support from
tive encoding, whereas direct measures nostudies by MacLeod (1996) and by Wilson anc
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Horton (1999). MacLeod contrasted speedestimulus is more likely to recruit conceptual
word reading and speeded color naming as iprocessing episodes than is presentation of
direct measures in a standard study-test framerord fragment or stem (MacLeod & Masson,
work. In three experiments, speeded color nani-997). A complete word, even briefly presentec
ing of words consistently failed to demonstratand masked, can make contact with relevar
any influence of prior study of some of thoseconceptual knowledge (e.g., de Groot, 1983
words. Yet speeded word reading consistentl@ereno, 1991). In contrast, an incomplete stim
showed reliable facilitation of the same studiedllus such as a word fragment may not provids
words. In fact, although numerically small (onsufficient orthographic constraints to specify re:
the order of 20 ms), the priming effects inliably a particular concept. Incomplete stimuli
speeded word reading were impressively comay more effectively recruit perceptual rathel
sistent over subjects. The task appears very suitlan conceptual aspects of encoding episods
able as an indirect measure of memory. Furthérecause little contact with conceptual knowl-
evidence that using a speeded task prevergdge is possible when the cue consists of only
conscious recollection has been provided bpartial orthographic pattern. Regardless o
Wilson and Horton (1999). Contrasting awhether speeded word reading produces a pé
speeded version of the word stem completiotern of priming like that found with masked
task with a version requiring conscious recolword identification or with word fragment com-
lection, they concluded that responding on thpletion, investigating that task will provide gen-
speeded version was not contaminated by inteeralization. Because of the automatic nature c
tional retrieval processes. word reading, that task stands to be a partict
If it is the case that speeded word reading igrly worthwhile addition to the arsenal of indi-
not affected by conscious recollection, will itrect measures that have been developed in r
behave like masked word identification, showeent years.
ing similar priming for words that have been There have, in fact, been several previou
generated and for those that have been read? €dudies using speeded word reading as an inc
will it behave like word fragment completion, rect measure of memory. We have already dis
showing greater priming for words that havecussed the MacLeod (1996) study. Earlier stuc
been read than for those that have been genés include the oft-cited Scarborough, Cortese
ated? In the case of reading aloud a target wordnd Scarborough (1977) work, one of the firs
the mapping is between an orthographic repreises of the task as an alternative to the lexics
sentation of the word and core aspects of knowtlecision task in studying priming. A pair of
edge about that word, including elements of itstudies by Durso and his colleagues (Durso ¢
meaning. Consistent with this idea, StrainJohnson, 1979; Durso & O’Sullivan, 1983)
Patterson, and Seidenberg (1995) have showlemonstrated that prior study of pictures of
that reading aloud an isolated word—wher@bjects produced numerically less priming or
conceptual elements of the word might seem tine speeded reading of words than did prio
be irrelevant—is nevertheless influenced bgtudy of words. Also, Masson and Freedmat
conceptual aspects of the word. Specifically,1990, Experiments 4, 5, and 6) made use of thi
they showed that a word’s rated imageabilityype of test to examine repetition priming for
affected time to read it aloud. context-specific interpretations of words. In ev-
Evidently, conceptual aspects of words arery case, priming of previously studied words
recruited quite routinely and unconsciouslywas observed on the speeded word reading te:
Therefore, we would expect the speeded word The small amount of priming following study
reading test to respond like the masked wordf pictures reported by Durso and his colleague
identification test because, unlike word frag{Durso & Johnson, 1979; Durso & O’Sullivan,
ment completion, both involve exposure of the983) suggests that speeded word reading mig
entire target stimulus at test. We have previRot be very sensitive to prior conceptual pro-
ously argued that presentation of a completeessing. We contend, however, that identifyin
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or naming pictures, like auditory presentation ofurther examined the possible contribution of
words, involves identification processes that areonscious recollection to priming by substitut-
different from those used to identify a visuallying a read-and-associate task for the genera
presented word. Identification is assumed to reask, resulting in an encoding task that include
quire selection of a specific candidate wor@&onceptual elaboration that should support cor
from among a number of alternatives that arscious recollection. Finally, Experiment 5 usec
initially recruited by the target stimulus (Mas-a modality of encoding manipulation to deter-
son & MaclLeod, 1992, p. 163). Depending ommine whether speeded word reading is sensitiv
the modality of the stimulus, a different set ofto modality changes between encoding and tes
candidates will be recruited for the same itena hallmark characteristic of other indirect test:
(i.e., orthographically similar words, auditorilythat are assumed to be data-driven (see Roec
similar words, objects with similar physical fea-ger & McDermott, 1993, for a review of mo-
tures). Changes in modality between study andhlity effects on indirect tests).
test alter the set of candidates among which the
subject must discriminate the target. This dis- EXPERIMENT 1
criminative process is claimed to be a substan- In Experiment 1, we attempted to replicate
tial part of interpretive encoding, and recapituwith speeded word reading a result that we hav
lation of that process following a similarobtained multiple times using the masked worc
encoding episode is the basis of repetition primedentification test, namely repetition priming for
ing. To the extent that the discriminative pro-generated as well as for read words. We hav
cess is similar at study and test, more primingypically seen equal priming following read and
will be found, thereby producing modality ef-generate encoding tasks when the latter tas
fects. In comparison to encoding tasks that innvolves generating targets from brief defini-
volve a change in modality, a more robust primtional phrases (MacLeod & Masson, 1997;
ing effect should result from an encoding tasiMasson & MacLeod, 1992). In the study phase
that requires subjects to generate a target fronsabjects read some targets aloud and generat
semantic cue because we assume that this tastkers from phrases. In the test phase, ea
emphasizes discrimination of the target's meartarget was presented in clear view for as long a
ing from other similar meanings invoked by thehe subject needed to read it aloud. Targe
cue. This conceptual processing can effectivelyords from the study phase were tested alon
support the conceptual processing that we claimith a set of new, nonstudied target words. I
is involved when identifying a complete targetspeeded word reading leads subjects to recrt
stimulus on tasks such as masked word identinemory from their earlier processing of targe
fication or speeded word reading. words in a way that facilitates word reading
In this article, we report five experiments.performance, then studied targets should be a
Experiments 1 and 3 used definitions and ansociated with shorter reading latencies than nor
onyms as generation cues, materials similar &tudied targets. Moreover, if that recruitment o
those used for generation in prior experimentgrior study episodes operates in a manner sin
(e.g., Jacoby, 1983; MacLeod & Masson, 1997lar to what we have observed with the maske
Masson & MacLeod, 1992; Schwartz, 1989word identification test, then generated target
Weldon, 1991), to allow straightforward com-should also produce priming, and that priming
parison of the speeded word reading test to prighould be similar in magnitude to that observe
indirect tests such as masked word identificdor read targets.
tion and word fragment completion. In Experi- Following the speeded word reading test, tar
ment 2, we attempted to determine whethagets were again presented on a recognition te
conscious recollection plays any role in the pelin which subjects decided whether those targe
formance of speeded word reading by forcingpad appeared during the study phase. On th
conscious recollection to occur on the heels dést, we expected subjects to classify more gel
the indirect testing of each item. Experiment 4rate than read items as having occurred in th
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study phase, in keeping with the frequenthkey”). The two types of items were randomly
demonstrated observation that generation leatigermingled in the study sequence.
to better performance on direct tests of memory In the instructions just before the study phas
than does reading (e.g., Begg & Snider, 198 hegan, subjects were informed that this was
Begg, Snider, Foley, & Goddard, 1989; Massomemory experiment. They were told that they
& MaclLeod, 1992; Slamecka & Graf, 1978). would be studying 40 words, 20 of which they
were to read aloud and 20 of which they were t
Method generate aloud. Subjects were informed the
Participants. Twenty-one undergraduate sty hey should learn all 40 words for  later mem
dents from the University of Toronto at Scar 21V test When they indicated that they hac

borough were tested individually. For their par_understood the instructions, the experimente

ticipation, all received either $5.00 or one bonugressec_i a key_to begin the study trials. On eac
. L . Study trial, the item remained on the screen unt
point toward their final grade in Introductory . . )
the subject made a response, at which point tf
Psychology.

Materials. The stimuli were 60 of the defini- experimenter pressed a key to input the acct

. ) acy of that trial. A 500-ms blank interval sep-
tion-word items used by Weldon (1991) an(%rated successive study trials.

provided in the Appendix of MacLeod and Mas- The speeded word reading test phase beg:

son (1997). , immediately following the study phase. The
ApparatusThe experiment was controlled byg it \yas told that this was a filler task de
an .IBM-AT compaﬂblg mlcrocompute.r with asigned to make the upcoming memory test mor
14-in. color VGA monitor. The controlling pro- demanding. There were 60 word reading trials
gram was written in QuickBasic 4.5 and useghe 40 studied items plus the 20 unstudiet
the routines given by Graves and Bradleyemns The order of the test trials was randomi
(1987, 1988) to achieve millisecond timing aCygtermined for each subject. Subjects were tol
curacy. ltems were printed in black on a whitgp ¢ their task was to “name the word out louc
background and were presented centered on thg, the microphone as quickly as possible with
middle horizontal line of the monitor. Oral re- 5,4 making mistakes.” They were also in-
sponses during the speeded word reading t&gtycted on how to respond into the microphone
phase were collected using a mlg:rophone POSBnce the subject indicated having understoo
tioned directly below the screen in front of theihe instructions, the experimenter pressed a ke
subject. Response latencies were recorded 88 the word reading test trials began.
the time between stimulus onset on the screen ao 250-ms blank screen preceded the presel
and the subject’s oral response into the micrQation of each test word. Then the word was
phone, which triggered a voice key that sent gresented until the subject read it aloud, afte
signal to the computer. which there was a 250-ms blank interval. Ther
Procedure.For each subject, all 60 itemsthe word “READY?” appeared as a cue both fo
were read into the program and randomizedhe subject to prepare for the next trial and fo
The first 40 were selected as study items; thie experimenter to input a key press indicatin
remaining 20 served as unstudied items. Thuthe response accuracy of the just-complete
each subject received a different set of 40 studrial. The “/” key was pressed for correct trials
ied items and 20 unstudied items. For the studynd the “z” key for incorrect trials. The exper-
phase, the set of 40 items was randomly divideighenter also wrote down all error responses
into two sets of 20. In one condition, the subjecThe computer then proceeded to the next trial
was required to read the word aloud (e.g., um- Immediately following the word reading tri-
brella; say “umbrella”); in the other condition, als, the subjects received instructions informin
the subject was required to generate aloud taem that the next phase was a memory test ft
word that fit a short descriptive phrase (e.gthe 40 words they had studied at the beginnin
main course on Thanksgiving - t?; say “tur-of the experiment. They were told that they
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would see all 40 study items plus 20 new items TABLE 1

(that had also appeared on th_e word reading teSkyperiment 1, Definitions: Mean Response Latencies it
as new words) and that their task was to sawilliseconds and Proportions of Errors for the Generate
“yes” if the word was one they had studied andRead, and New Conditions on the Speeded Word Readir
“no” if it was one they had not studied tryingTeSt* and Mean Proportions of “Yes” Responses on thi
not to let their experience on the speeded wordfc9nton Test

_rea_ding test confuse them. Again, once subjects Study/test condition
indicated that they understood the task, the ex-
perimenter pressed a key to start the recognition Generate Read  New

test trials. A trial began with a 250-ms blank _
screen followed by a word presented at the leftPeeded word reading test

center of the screen. Once the subject re-Reading latency (2052;1 (134;7 (2155)0
sponded, the experimenter input the accuracy ofproportion error 007 014 o014
the trial by consulting a protocol sheet indicat- (.004)  (.005) (.008)
ing the correct response for each trial. FollowRecognition test

ing another 250-ms blank interval, the next trial Proportion “Yes 921 560 250

began. (016)  (.047) (.034)

Results and Discussion Note. Standard errors are shown in parentheses.

In the study phase, subjects failed to generate
the correct target on an average of .10 of theo, whether that priming would be similar to
generation trials. Because the experimenter prthat observed for the read encoding task. The:s
vided the subject with the correct answer oissues were addressed by computing a set |
such trials, these items were included in théree pairwise comparisons usih¢ests. In the
analysis of data from the test phase. Thereforérst comparison, the mean latency in the rea
the results we report are not compromised bgondition was found to be reliably shorter than
concerns about item selection effects. This pron the new conditiont(20) = 2.19, SEdm=
cedure was followed for all of the experimentsl0.321. There was also a reliable priming effec
reported here. In any case, analyses of datar generate itemd(20) = 3.54,SEdm= 4.413,
conditionalized on correct responding in théut the difference between the read and th
study phase produced the same pattern of resultsnerate conditions was not reliablest 1. To
as did the unconditionalized analyses. estimate the upper bound of the power of th

For the test phase, word reading latencies thabmparison between the read and the genere
were longer than 300 ms or shorter than 200€onditions, we used an effect size equal to th
ms were included in the computation of meanebserved difference between the read and tf
for each subject. Latencies outside that rangeew conditions; that effect size was the maxi:
were considered errors. Response latency outiitum difference that would be expected be
ers were handled in this way for all of thetween the read and the generate conditions. Tt
experiments reported in this article. The Type tesulting estimate of the power of this experi-
error rate for all analyses reported in this articlenent to detect a difference between the read ar
was set at .05. generate conditions was .93.

Speeded word readin@.able 1 presents the Word reading errors were also analyzed usin
mean reading latency and mean proportion dhe same set of comparisons as were applied
errors as a function of encoding task. Threéhe latency data. None of these tests approach
specific issues were of interest in analyzing thsignificancets < 1.40.
word reading data: (1) whether a prior reading The speeded word reading test provided
episode would lead to significantly shorter woratlear replication of the pattern of repetition
reading latencies, (2) whether the generate epriming we have seen in a number of earliel
coding task would produce priming, and (3) ifexperiments involving the masked word identi-
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fication test (MacLeod & Masson, 1997; Mas{e.g., Jacoby, 1991). Given the greater probe
son & MaclLeod, 1992). That is, when targetdility of recollection among generate items, one
are generated from semantic cues consisting ofight have expected to observe more priming
phrases, they are later identified just as readifpr those items if conscious recollection were
as targets that are initially encoded by reading @perating on the speeded word reading test. Y
clearly presented display. The speeded wompetition priming for generate items was no
reading test and the masked word identificatiogreater than for read items, thereby failing tc
test seem, then, to yield very similar outcomesupport the suggestion of possible contamine
as a result of prior encoding experiences. Ition by recollection.
both cases, target words are in full view, albeit
only briefly in the case of masked word identi- EXPERIMENT 2
fication. Our claim is that exposure of the entire Despite the apparent encumbrances assot
word, even if only for approximately 30 ms, isated with attempting to use conscious recollec
adequate to set the stage for recruitment dion while performing a word reading test, one
memory for prior processing episodes that inmight argue that the repetition priming effect
volved either perceptual (visual) or conceptualve observed for generate targets in Experimer
processing of the target or both. 1 was nevertheless due to such recollectior
The use of the speeded word reading test wd®sth et al. (1994) made such an argument witl
intended to make it unlikely that subjects wouldespect to the repetition priming effects that we
engage conscious recollection strategies to asbserved in the masked word identification tes
sist their performance on the test. The meafMasson & MaclLeod, 1992), based on theil
latencies we observed suggest that such stratmupling of the process dissociation procedur
gies were not operating, inasmuch as latenciegth the word stem completion test. Although
were very similar to those found in typical wordwe agree that a test such as word stem compl
reading studies that do not involve prior expotion, which does not present a complete stimu
sure to target words (e.g., Andrews, 1992us to the subject, might not be conducive tc
Forster & Chambers, 1973; Seidenberg, Waterautomatic or unconscious recruitment of priol
Barnes, & Tannenhaus, 1984). This issue isonceptual processing episodes, we conter
examined more closely in Experiment 2. that the masked word identification and speede
Recognition.The mean probabilities of clas-word reading tests belong to a different class o
sifying targets as having occurred during théndirect tests of memory by virtue of presenting
study phase are shown in Table 1. The proba& complete stimulus. Therefore, we argue the
bility of classifying generate items as old wasur finding of similar repetition priming effects
substantially higher than the probability of clasfor generate and read encoding tasks is n
sifying read items as old(20) = 8.43,SEdm= anomalous and need not result from conscioL
0.043. This finding is consistent with earlierrecollection strategies that favor generate tal
studies showing a recognition advantage fagets.
generate items over read items (e.g., Begg & As a test of this claim, we conducted a rep.
Snider, 1987; Begg et al., 1989; Masson d&ication of Experiment 1 under two different
MacLeod, 1992; Slamecka & Graf, 1978) andonditions. One condition was a straightforwarc
indicates that subjects are more likely to beeplication of the procedure used in Experimen
aware of the past occurrence of generate itemk, including a recognition test given after the
Moreover, by using as foils items belonging tespeeded word reading test was completed. |
the new condition in the speeded word readinthe other condition, rather than having subject
test, performance on the recognition memoryead all test targets prior to making recognitior
test could not be based on a sense of familiarigecisions about all of them, we instructed sub
with an item; rather, conscious recollection ofects to read each target as quickly as possib!
an item’s occurrence during the study phase wasid then to make an immediate recognitiol
required to make a positive recognition decisiodecision about that target. We reasoned that
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subjects already were engaged in conscious rdcials completed before the recognition test tri-
ollection when responding in the word readingls began. A further three subjects who bega
test of Experiment 1, the additional requirementesting did not complete the experiment due t
of making a recognition decision after reading &quipment failure, illness, or unwillingness to
target word should have little or no impact orspeak sufficiently loudly for the voice key to
their reading latency. By adding the recognitioretect the response.
decision, we would simply be sanctioning an Materials.The stimuli were the same as those
operation that subjects had already engaged o$ed in Experiment 1.
their own volition. Apparatus.The apparatus and programming
On the other hand, if subjects do not engageere exactly as described in Experiment 1.
in conscious recollection while constructing re- Procedure.All procedures were carried out
sponses on the speeded word reading test, add-in Experiment 1 except for changes involving
ing the requirement to make a recognition dethe recognition test. In the blocked condition,
cision might have a significant influence oreverything proceeded just as in Experiment
their reading latency. In particular, we expectedntil the subject completed the speeded readir
that requiring a recognition decision after readtask. Then, there was a YES/NO recognitior
ing each target in the test phase would havetast for the studied words. This consisted of the
general slowing effect on speeded word readingame 60 words as had just been read aloud, b
responses because subjects might be evaluatipigesented one at a time in a new random orde
evidence for an item’s prior occurrence evemvith instructions to say “yes” aloud into the
while preparing their reading response. Thusnicrophone if the word had been studied (eithe
subjects in this condition should take longer toead or generated) and “no” if the word had no
read targets than subjects who are not requirdgten studied. Subjects were cautioned that son
to follow a reading response with a recognitiorof the unstudied words might have appeare
decision. during the reading task (in fact, all of them had)
One other prediction regarding the effects obut their job was to judge only whether each
conscious recollection on speeded word readingord had appeared during the study phase. Tt
was important. If recollection of prior occur-format of the recognition test followed that of
rence reduces word reading latency, then kihe reading task except that all of the oral re
enforcing attempts at recollection, we shouldponses were either “yes” or “no.”
observe a reading latency advantage for gener-For the interleaved condition, recognition of
ate over read targets because the latter are m@ach word was evaluated immediately after the
likely to be recognized. Engaging in consciousvord had been read aloud. There was a 250-n
recollection should push the pattern on thélank screen after the subject spoke the wor
speeded word reading test in the same directi@oud, and then the prompt “Did you say this
as that on the recognition test. word in the first phase? YES or NO” was pre-
sented, remaining on the screen until the subje
Method responded. The experimenter again pressed
Participants. Forty-eight students from the key to indicate the accuracy of the trial, using &
same source as in Experiment 1 received eithpreprinted protocol sheet to evaluate the acct
$5.00 or one bonus point toward their finakacy of the subject’s response for both speede
grade in Introductory Psychology for takingreading and recognition.
part. Half of the subjects were assigned to the , )
interleaved condition, where a recognition deResults and Discussion
cision was made for each word immediately The proportion of items that were not correctly
following the speeded reading of that word; halfienerated by subjects in the study phase, averagd
were assigned to the blocked condition, wherever the two groups of subjects, was .06.
the speeded reading and recognition tests wereSpeeded word readindlean word reading
blocked, with all of the speeded reading tedatencies were computed for each subject as |
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TABLE 2

Experiment 2: Mean Response Latencies in Milliseconds and Proportions of Errors for the Generate, Read, an
Conditions on the Speeded Word Reading Test, and Mean Proportions of “Yes” Responses on the Recognition Tes
Shown Separately for the Interleaved and the Blocked Testing Procedure

Interleaved test Blocked test
Generate Read New Generate Read New
Speeded word reading test
Reading latency 578 577 618 498 492 506
(16.9) 17.7) (21.8) (11.3) (9.6) (10.9)
Proportion error .004 .002 .013 .013 .013 .013
(.003) (.002) (.006) (.005) (.006) (.005)
Recognition test
Proportion “Yes” .904 .546 .052 .948 .523 227
(.020) (.049) (.013) (.010) (.029) (.027)

Note. Standard errors are shown in parentheses.

Experiment 1, and the means across subjects ahae to generally longer reading latencies for thi
shown in Table 2. These means indicate that theterleaved group brought about by the deman
requirement to make a recognition decisioffior an immediate recognition decision (see Gen
about a target right after reading it in the teséral Discussion).

phase generally increased reading latencies, butBecause of the reliable interaction, separat
the pattern of repetition priming effects for thesets of comparisons (identical to those com
generate and read conditions remained veputed in Experiment 1) were computed for the
similar to what we observed in Experiment 1two groups of subjects. The pattern of result:
An ANOVA with group (interleaved recogni- was similar for the two groups. First, there was
tion test and blocked recognition test) and era reliable priming effect for read itemg23) =
coding task (generate, read, and new) as factot92, SEdm = 10.128, andt(23) = 3.28,
confirmed these observations. Subjects in tH@Edm= 4.404, for the interleaved and blocked
interleaved group had reliably longer readingroups, respectively. Second, the priming effec
latencies than did subjects in the blocked groufior generate items was significant in the inter-
F(1,46) = 19.63,MSe = 15,727. There was leaved groupt(23) = 4.53,SEdm= 8.764, and
also a reliable difference among the three erapproached significance in the blocked groug
coding conditions,F(2,92) = 17.56, MSe = (23) = 2.04,SEdm= 3.743,p = .053. Finally,
609, as well as a reliable interaction betweemean latencies for generate and read items d
group and encoding taskiF(2,92) = 5.75, not differ reliably, ts < 1.20. The estimated
MSe = 606. The interaction indicates that theupper bound on power to detect a generate—re:
effect of prior exposure was greater in the indifference in these two groups, using the ob
terleaved group than in the blocked group. Onserved difference between read and new cond
possibility is that conscious recollection protions as the effect size, was .99 for the inter
vided assistance to speeded reading responsesgiaved group and .70 for the blocked group.
the interleaved group. Were that the case, how- The mean proportions of word reading errors
ever, there should have been a greater increase also shown in Table 2. The error rates wer
in priming in the generate condition relative tovery low, and an ANOVA with group and en-
the read condition. This did not happen, indicoding task as factors yielded no significan
cating that attempts at conscious recollectioaffects,Fs < 1.70.

did not penetrate the speeded word reading task.The speeded word reading results of Experi
We suspect, instead, that this interaction wasent 2 replicated the pattern of repetition prim-



218 MACLEOD AND MASSON

ing found in Experiment 1. In addition, thesegroup of subjects perform the task under in
results showed that requiring subjects to makesdructions to use conscious recollection. The
recognition decision after reading a word genpresent results show that when a more subtl
erally slowed the production of reading reinducement to use conscious recollection is in
sponses. We take this finding to mean that suboked (i.e., the interleaved recognition test)
jects normally were not engaging in recollectiveesponse latencies are dramatically lengthene
attempts while reading words on the speeddgven then, the generate—read manipulation di
word reading test. Although subjects may noticaot produce a difference in latencies, although i
or perhaps reflect on prior occurrence after readiad a large effect on recognition responses. Th
ing a target word aloud, it seems unlikely thapattern of results, taken together with the find
they actively engage in recollective processeasag that word reading latencies increased suk
while constructing a word reading response urstantially when subjects were required to mak
less task demands lead them to do so. Moreovex,recognition decision immediately after read.
despite the interleaved group being affected hing a word, indicates that conscious recollectiol
recollective processes while forming the woraf prior occurrence did not play a causal role ir
reading responses, there was no hint of a greatepetition priming on the speeded word readin
benefit for the easily remembered generate taest.
gets relative to the read targets. Thus, the suc-
cess or failure of recollection seems to have had EXPERIMENT 3
no detectable influence on reading latencies.  Although we have observed in a number of
Recognition.The mean proportions of posi-different experiments that generating or readin
tive recognition responses are shown in Table 2vords can yield similar repetition priming ef-
Subjects in both test groups discriminated weflects on subsequent masked word identificatio
between studied and new items. False alarnislacLeod & Masson, 1997; Masson & Mac-
were particularly low in the interleaved groupLeod, 1992), we have found that one particula
because new items had not previously beeriass of generation cues does not fit this patter
presented in the experiment, whereas in th@eneration cues that appear to prompt stron
blocked group all items on the recognition tesintegration of the generated target and its cu
had previously appeared in the speeded wotdnd to produce less repetition priming than the
reading test. Hit rates for generate and reagad encoding task (Masson & MacLeod, 1992
items were analyzed in an ANOVA that alsoExperiments 2 and 6). One type of generatiol
included group as a factor. This ANOVA re-cue in particular, generation from an antonym
vealed a main effect of encoding task, with das been shown to produce little or no repetitior
significantly higher hit rate for generate than fopriming on the masked word identification test
read itemsF(1,46)= 217.36,MSe= 0.017. No (Jacoby, 1983; Masson & MacLeod, 1992, Ex:
other effects were significant in this analysisperiment 2).
Fs < 1.60. Masson and MacLeod (1992) suggested the
Although both groups of subjects were mor@an antonym generation cue might becom
likely by far to recognize generate items tharstrongly integrated with its generated target ir
read items, these two sets of items producdle memory representation of that encodin
very similar amounts of repetition priming onevent. When later tested with a brief, masket
the word reading test. The slowing of wordpresentation of the target word, the integratel
reading responses produced by the interleavepisode would come to mind, but there might be
recognition task illustrates why it is not feasibleconfusion regarding which of the two words in
to apply the retrieval intentionality criterion inthe recruited episode corresponded to the cu
the standard way (Schacter, Bowers, & Bookerent target. Under conditions of masked targe
1989) to examine the potential use of conscioyzresentation, very little perceptual evidence
recollection in the speeded word reading taskvould be available to resolve this confusion,
Implementing that criterion requires that onghereby permitting errors in which the cue mem:
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ber of the pair would be erroneously produced TABLE 3

in lieu of the target member, constituting an gyperiment 3, Antonyms: Mean Response Latencies i
incorrect response. The speeded word readimgliseconds and Proportions of Errors for the Generate
test, however, presents a quite different situdread, and New Conditions on the Speeded Word Readir
tion. Now, the entire target word remains in'est
view until a response is made. Therefore, sub-
stantial perceptual information should be avail-

Study/test condition

able to help resolve which element in a recruited Generate Read New

generation episode is pertinent to the task at

hand, and the speeded word reading test migReading latency 524 515 537

produce a repetition priming effect under con- _ (16.1) (16.1) (16.0)
Proportion error .022 .031 .050

ditions that did not yield such an effect in the

masked word identification test.
We tested these ideas in Experiment 3 Dby Note.Standard errors are shown in parentheses.

using antonym-target pairs rather than defini-

tion—target pairs as in Experiments 1 and 2. If a

clear view of the test word is sufficient to seletter (e.g., question - a?; respond “answer’)

lectively recruit prior experience with that wordSecond, the speeded word reading test wor

from a previous encoding episode that involvedere presented in one of four colors—red, blue

integration with an antonym generation cuegreen, or yellow—randomly and equally often

then even for antonyms we should find similafh each condition. The subjects were instructe

repetition priming effects for generate and reatf ignore the color of print and simply read the

targets. In contrast, if the integration of antonyn{vord aloud as quickly as possible. Third, there

cues and generated targets prevents select¥y@S no recognition test; only the speeded wor

application of prior experience regardless of theading test was conductéd.

natur_e_ of the_ ta}rget item at test, then little or N esults and Discussion

repetition priming should be found for gener-

(.009) (011) (017)

ated targets. n the study phase, on average .16 of th
items in the generate condition were not cor
Method rectly reported by subjects. As in the earliel

Participants.Nineteen new subjects from the€xperiments, subjects were told the correct tal
same pool as Experiment 1 took part, with th@€t word whenever they failed to generate i
data of one subject discarded due to an excefflemselves. _ .
tionally high generation error rate during study 1he mean word reading latencies as a func
(50%) and extremely long latencies on thdion of encoding task are shqwrj in Table 3. The
speeded word reading test (most longer thapAttern o_f means was very ;lmllar to that fou.nc
800 ms). All subjects received one bonus poirl! Experiments 1 and 2, with shorter latencies
toward their final grade in Introductory Psy-for both generate and read items than for ne
Cho'ogy for tak|ng part_ |tems,t(17) = 248,SEdm: 5433, and(l?) =

Materials. The stimuli were the 60 antonym 3-82,SEdm= 5.665, respectively. There was no
pair items used by Masson and MacLeod (1992§I|able difference between generate and ree
Experiments 2, 10, and 11; see their Appendlx_ B). . In fact, there was another indirect test administered afte

Apparatus.The apparatus and programmingnhe speeded word reading test. This was a test of colc
were exactly as described in Experiment 1. naming analogous to the familiar Stroop (1935) task. Orig

ProcedureThe procedure was the same as iinally, Experiment 3 was to form part of another series
Experiment 1 with three exceptions. First, th&omparing speeded word reading and color naming (Mac

material ere chanaed such that the generati Leod, 1996), but ultimately the present experiment was nc
1als w gedasu g I iuded in that series. For this reason, only the speede

rule now required the subject to say the oppositgord reading data are reported here. Color naming showe
of the cue word beginning with the specifiecho effect of prior study.
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items,t(17) = 1.74, SEdm= 4.717,p = .10. occur when the target is available only briefly sc
The estimated upper bound on the power of thihat there is little basis for determining which
contrast to detect a difference between generagéement of an integrated episode is the currer
and read items, based on an effect size equaltarget.

that observed between read and new items, waswith the results of Experiment 3 in hand, we

.98. have three independent demonstrations of sin
The mean proportions of errors on the wordar repetition priming for generate and read
reading test are also shown in Table 3. Pairwisgems. Because this similarity constitutes a nul
comparisons did not find any significant differ-effect, we have been particularly concernec
ences, alts < 1.83. about power to detect a difference between th
The results of the speeded word reading tegenerate and the read conditions. Althougl
clearly show that targets generated from antnree of our four tests for this effect had high
onym cues produced about as much repetitiqfyper hounds on power, we note that in all fou
priming as did targets that were read. This OUfygis there was a small advantage for the re:
come contrasts with results obtained using thg o the generate condition (between 1 and
masked word identification test (Ja_lcoby, 198%5)_
Masson & Macleod, 1992, Experiment 2), in" 14 ¢onquct a more powerful test for a differ-

which little or no repetition priming was found ence between the generate and the read con:
among targets generated in that way during t:[‘;

study phase. Although it might be suggeste ons, we combined the data from Experiment:

that the different results found with maske —3. The mean latencies for the generatg ar
. . . Tead conditions, based on data from 87 subject
word identification and speeded word readin

could be due to conscious recollection strate ie%éere 527 and 522 ms, respectively. These tw
9 eans were not reliably differer{86) = 1.56,

ting during th ded d reading t .
operafing during the speeded word reading e Edm= 3.570. The power of this test to detect

the results of Experiment 2 argue against th an effect of 12.5 ms, which is half the size of the

possibility. .
The finding of similar repetition priming for advantage of the read condition over the ne\

targets generated from antonyms and for targeggndition averaged across all 87 subjects, we
that were read during study is not entirely new94- Therefore, if there is a very small system
Masson and MacLeod (1992, Experiment 11§tic difference between the generate and th
reported such a result with the masked workead conditions, it most likely is less than half
identification test. In that experiment, howeverthe size of the repetition priming effect found in
the encoding phase involved a mixture of threfhe read condition and quite possibly close tc
types of encoding tasks: generate from an anfibe 5-ms average difference observed across
onym cue, generate from a synonym or assod]hree experiments reported héré’.hat small
ate cue, and read in isolation. The rationale fdfifference does not threaten the proposition thz
that mixture was that the use of two differen@ conceptually based encoding episode can su
generation cues would reduce the likelihood o$equently enhance word reading speed as we
strong integration of cues and targets because of

the requirement to deliberately select the correct’ One might question the inclusion of the results from the
generation rule. No such requirement was jiterleaved group in Experiment 2 in this combined analysi:

| for E . t3 t ti f th over experiments on the ground that subjects in that grou
place 1or Expenment 3, yet generaton o Svere treating the speeded word reading task somewh

targets from antonym cues produced as Muglierently from other subjects in these experiments due t
repetition priming as did reading the targetshe requirement to make a recognition decision on each tria

This result is consistent with the proposal that & view of this concern, we recomputed these analyse

clear view of the target at the time of test is aﬁmitting the interleaved group from Experiment 2. Based or

63 subjects, the resulting 6.5-ms generate—read differen

adequate basis for selectively recruiting Priofas not reliable(62) = 1.64, SEdm= 3.972, and the

experience with the target word from memoryestimated power to detect a difference equal to half th
Selective recruitment apparently is less likely t@riming effect found in the read condition was .78.
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as, or nearly as well as, a perceptually basedceived one bonus point toward their fina
encoding episode. grade in Introductory Psychology for their par-
ticipation.
EXPERIMENT 4 Materials. The stimuli were the same words
In Experiment 4, we sought further evidenceas used in Experiment 1.

regarding the possibility that repetition priming Apparatus.The apparatus and programming
in the speeded word reading test could be afvere exactly as described in Experiment 1, ex
fected by conscious recollection or by elaboracept that stimulus presentation was now left
tive encoding. We followed a strategy similar tgustified on the middle horizontal line.
that used by MacLeod and Masson (1997) in the Procedure.There were two changes with re-
context of the masked word identification testspect to Experiment 1; otherwise, everything
Namely, we introduced an encoding task thawas identical to that experiment. First, this time
involved both interpretive and elaborative conthe two encoding conditions were blocked;
ceptual processing components: Subjects wekéacLeod and Masson (1997, Experiment 4
required to read aloud a target word, which wlaave shown that this change does not seem
expected would involve perceptual and concelter the outcome of such experiments whe
tual components of interpretive encoding, andnly two encoding tasks are used. Second, or
then to produce an associate to that wordf the encoding tasks was changed: In one cor
thereby invoking elaborative conceptual encoddition, the subject was required to read the wort
ing. The added conceptual processing that aoud; in the other, the subject was required t
part of this read—associate task was intended tead the word aloud and then to produce a
provide substantial opportunity for consciousssociate aloud (e.g., sandwich; respond “san
recollection and elaborative encoding processesgch. . . bread”). The order of study blocks was
to influence performance on the masked wordounterbalanced across subjects, with a re
identification test. If such influences were taminder of the task change preceding the secor
operate, the read-associate condition wouldock. The order of study trials within the two
gain additional sources of benefit relative to thstudy blocks was randomly determined for eac
read condition and would be expected to yieldubject. As in Experiment 1, a recognition tes
greater repetition priming than the read condifollowed the speeded word reading test.
tion. If those influences do not operate on the ) )
speeded word reading task, however, the red¢fsults and Discussion
and read-associate encoding tasks should leadSpeeded word readinghe mean word read-
to similar amounts of repetition priming be-ing latencies shown in Table 4 indicate that the
cause of their common interpretive encodingead and read—associate conditions both pr
component. In our view, generation of an assaduced reliable repetition priming relative to the
ciate is primarily an elaborative operation anshew condition,t(19) = 2.77, SEdm= 7.500,
therefore should contribute little to repetitionandt(19) = 2.81,SEdm= 10.268, respectively.
priming in the speeded word reading task. Fdvlean response latency in the read and reac
this reason, a recognition test was given aftexssociate conditions did not reliably différ<
the speeded word reading test as a manipulatidnl0. The upper bound on the power of the latte
check to verify that subjects had substantiallgomparison to detect a difference between th
better conscious recollection for read—associatead and the read—associate conditions, assu

items than for read items. ing an effect size equal to that observed betwee
the read and the new items, was estimated f
Method be .87.

Participants. Twenty-four subjects from the The mean proportions of errors in each of the
same pool as Experiment 1 participated in thisncoding conditions are also shown in Table 4
experiment. The data of four subjects were dissomparisons involving each pair of conditions
carded due to language difficulties. All subjectyielded no significant effectés < 1.40.
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TABLE 4 generation part of the read—associate task a

Experiment 4: Mean Response Latencies in MiIIisecond@_ngaged afte_r the target word _has bee_n iden
and Proportions of Errors for the Read-Associate, Read, afited through interpretive encoding and involve
New Conditions on the Speeded Word Reading Test, anthoving outward or diverging from the target. In
Mean Proportions of “Yes” Responses on the Recognltloeontrast’ interpretive encoding serves to con

Test verge on a particular interpretation of the target
Study/test condition It is the reenactment of this convergence that i
assumed to support repetition priming on iden
Read-Associate Read New tification tests.

Speeded word reading test EXPERIMENT 5
Reading latency (8‘;)2 (1252)0 (1552)1 In Experiments 1—4, we consistently showec
Proportion error 025 033 043 that prior encoding led to repetition priming in
(.011) (.009) (.012) speeded word reading. None of our encodin
Recognition test tasks, however, brought about reliably differen
Proportion “Yes (-)33;8 (-)5638 (%5 amounts of repetition priming. One might be
(017) (.062) (.040) concerned, therefore, that any prior experienc
Note. Standard errors are shown in parentheses. with target words would reduce word reading

latencies by about the same amount on a sul
sequent speeded word reading test. That is, t

Recognition.The mean proportions of posi-test may just be a blunt instrument, not sensitiv
tive recognition decisions in each encoding corenough to detect different amounts of repetitior
dition are shown in Table 4. The proportion ofpriming among different encoding tasks. We
hits in the read—associate condition was suladdressed this question to some extent by pre
stantially higher than that in the read conditionyiding power estimates but the disadvantage c
and this difference was statistically significantthat approach is that power estimates depend ¢
t(19) = 5.95,SEdm= 0.072. the effect size one assumes.

The results of Experiment 4 indicate that the In Experiment 5, we took a different ap-
added benefit of elaborative conceptual procesgroach in testing the possibility that the word
ing in the read—associate condition, as evieading test was not adequately sensitive to
denced by improved recognition performancable to detect differences between encodin
relative to the read condition, had no detectabl@asks. To do this, we manipulated the nature c
effect on word reading latencies. This outcoméhe perceptual experience with target words dul
is consistent with the view that conscious recing the encoding phase. Following earlier work
ollection of prior occurrence, or elaborativethat has shown modality-specific effects in test
conceptual encoding, makes no substantial coseich as word fragment and word stem comple
tribution to the repetition priming found in thetion and masked word identification (e.g., Graf
speeded word reading test. Consistent with o®himamura, & Squire, 1985; Jacoby & Dallas.
earlier proposal (Masson & MaclLeod, 1992)1981; Kirsner, Dunn, & Standen, 1989; Ra-
indirect tests of memory that involve the idenjaram & Roediger, 1993; Roediger & Blaxton,
tification of target words appear to be affected987; see Roediger & McDermott, 1993, for a
by the initial interpretive encoding but not byreview), we varied the modality of presentation
the subsequent elaborative encoding of wordsf words during the encoding phase. Half of the
during study episodes. studied items were presented visually to be rea

When generating a word from a semantisilently, unlike in the usual read encoding task
cue, the mapping is between conceptual knowwhere they were read aloud. The other half o
edge recruited by the cue and conceptual knowthe studied items were presented auditorily to b
edge about the cued word. Elaborative encodirtgeard. In this way, no overt response was re
operations of the sort required by the associatpuired for either condition. The speeded worc



REPETITION PRIMING IN SPEEDED WORD READING 223

reading test, like other indirect tests of memory TABLE 5

for words, has a strong percgptual Compon_entExperiment 5: Mean Response Latencies in Millisecond:
inasmuch as the target word is presented ViSend Proportions of Errors for the Auditory (Hear), Visual
ally for identification. We expected that this testRead), and New Conditions on the Speeded Word Readir
would therefore be sensitive to differences ifest: and Mean Proportions of “Yes” Responses on th

the modality of the encoding task. More specif=ecogntion Test

ically, the read encoding task should produce Study/test condition
more repetition priming than the auditory en-
coding task. Auditory  Visual ~ New
Method Speeded word reading test

Participants. Twenty-one subjects partici- cading latency (1751)2 (1655)8 (1852)8
pated in this experiment. The data from one proportion error 025 025 038
subject were discarded due to language difficul- (.007)  (.008) (.011)
ties. All subjects received one bonus point toRecognition test
ward their final grade in Introductory Psychol- Proportion “Yes 795 718 548

ogy for their participatior. (021)  (029) (039

Materials. The stimuli were the same words Note. Standard errors are shown in parentheses.
as used in Experiment 1.

Apparatus.The apparatus and programming
were exactly as described in Experiment 4, witblank interval. Subjects were instructed to lister
one addition. For auditory items, an Eiki Modelcarefully to the words as they were presented ar
3192 tape player was used to record and presartd response was required. Thus, the pacing of tt
the stimuli to the subject in a male voice. auditory and visual trials was as similar as poss

Procedure.As in Experiment 4, the two en- ble, the only difference being that the visually
coding conditions were presented in blockegresented words were on continuously for th
format. One set of 20 words was presentedntire 750 ms whereas the auditory words wer
visually; the other set was presented auditorilynot. Between study blocks, subjects were re
Order of study block presentation was counteminded of the switch from auditory to visual pre-
balanced across subjects. The order of studyentation (or vice versa). The recognition test fol
trials and the assignment of individual words tdowed the speeded word reading test as i
the visual and auditory study conditions werd&xperiment 1.
randomly determined for each subject.

In the visual presentation encoding block, eac
word appeared at the center of the left side of the Speeded word readinghe mean word read-
screen for 750 ms, followed by a blank screen fdng latency and mean proportion of errors for
750 ms. Subjects were instructed to read theach encoding condition are shown in Table 5
words silently as they appeared. In the auditorlf is worth keeping in mind that the visual
presentation, the stimuli were prerecorded on tap®ndition is identical to our usual read condi-
for each subject and the screen was blank. Thi®n, except that subjects did not read aloud
audio tape was constructed so as to mimic tHeairwise comparisons indicated that words i
visual study presentation. Specifically, a word wathe visual and auditory study conditions were
read aloud into the tape recorder every 750 mboth read in less time than new word&,9) =
The audible word was then followed by a 750-m4.16,SEdm= 7.278, and(19) = 2.52,SEdm~=

, o _ N ~ 6.282, respectively. Also, response latencies i

All of the subjects in this experiment participated iNthe visual condition were reliably shorter than

another experiment as well. Ten subjects did this exper];

ment first and then a Stroop-type experiment; the other 1}61056 in the auditory conditiori(19) = 2.20,

did the reverse. Order of experiment participation had n€EdM= 6.562. The same comparisons applie
impact on the speeded word reading data. to the error rates in Table 5 failed to detect an

ﬁesults and Discussion
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significant effectsts < 1.30. The speeded wordLeod, 1992), the pattern of priming in speedec
reading test, then, was sufficiently sensitive tavord reading coincides with that previously re-
detect different amounts of repetition priming inported for masked word identification (Mac-
visual and auditory study conditions. Thus, thiteod & Masson, 1997; Masson & MacLeod,
test shares with other widely used indirect tests992, 1996), establishing the generalizability o
of memory (i.e., word fragment and word stenthat pattern. Third, as a sort of litmus test for its
completion and masked word identification) théndirect status, the familiar modality effect seer
characteristic of being sensitive to changes ian other indirect tests that are assumed to k
modality. data-driven (for a review, see Roediger & Mc-
RecognitionThe mean proportion of positive Dermott, 1993) is also apparent for speede
recognition decisions in each condition isvord reading. Finally, precautions to evaluate
shown in Table 5. Although the mean hit ratevhether conscious recollection might be con
was slightly less in the visual condition than intaminating the speeded word reading measur
the auditory condition, the two means did noaind thereby undermining its indirect test status
significantly differ,t < 1.30. Therefore, despite were also reassuring.
similar performance on the recognition test, the
visual and auditory conditions led to different>
amounts of repetition priming on the speeded Memory
word reading test. We maintain that speeded word reading is
Experiment 5 clearly demonstrates thavery good indirect index of memory and should
speeded word reading is sensitive as an indiresée more use as such. The measure involves f
measure of memory. One of the most wellexposure of the test item, obviating the need fo
established findings in the literature—the reliany sort of problem solving such as that whict
able modality effect (see Roediger & McDer-might be required in the word fragment com-
mott, 1993, for a review)—emerged here. Mor@letion task. Because of this full exposure, the
specifically, the speeded word reading measutask is also easy for the subject and does n
was affected by modality, whereas the recognlead to any item selection difficulties. Also, the
tion measure was not—the typical dissociatiormeasure is speeded, with subjects urged to pe
Thus Experiment 5 assures us that speed&m as quickly as possible. Together, thes
word reading is not simply a general “priorthree features work against any tendency on th
occurrence” detector, immune to the nature gfart of subjects to try using conscious recollec
that prior occurrence. Rather, this indirect meaion to assist their performance. The task is
sure shares the most prominent characteristic idadily performed without such recollection; in-
other indirect measures that are assumed to Heed, performance would in all likelihood be
data-driven, in addition to offering the virtues ofharmed by attempts to recollect (e.g., the slow
full exposure of the test stimuli and reducedng in Experiment 2). Moreover, the task shows
opportunity for conscious recollection to in-the most prevalent signature of purportedly
trude. data-driven indirect tests in the occurrence o
the modality effect (Experiment 5).
GENERAL DISCUSSION Although we observed in Experiment 5 that
This series of five experiments has providethe priming effect in the auditory condition was
at least four noteworthy results. First, speedddss than that in the read condition, it was none
word reading is a reasonable indirect measure tifeless, in absolute terms, as large as the prin
memory: Prior processing of a word, whethemng effects observed in Experiments 1-3 for the
through reading it or generating it, results irgenerate encoding task. This observation migt
reliable priming on this test, apparent in all fivebe seen as suggesting that the priming effects
experiments. Second, with the notable excephe auditory and generate conditions stem fror
tion of antonym generation (the present Expeila common source, namely auditory perceptiol
iment 3 versus Experiment 2 of Masson & Macof the word—in the act of generating the items

peeded Word Reading as an Index of
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the subjects pronounced them and hence alsoThe only discrepancy between the data pa
heard them. There are two arguments again&rns on the two tasks is in the case of antonyr
this notion. First, in Experiment 5, subjects didgeneration. In masked word identification, there
not hear words in the read condition (they readppears to be little or no priming for words
silently), yet the priming effect in this condition generated from antonyms (Jacoby, 1983; Ma:
was larger than that in any of the read condison & MaclLeod, 1992, Experiment 2), wherea:s
tions where the subjects read aloud (with than speeded word reading, generated antonyn
exception of the interleaved condition of Experproduce priming similar to that for read words
iment 2). This comparison indicates that hearinfthe present Experiment 3). Of course, any ac
the targets in the study phase does not makecaunt we offer for this discrepancy is necessar
substantial contribution to priming. ily post hoc. However, we suggested (Masson &
Second, we suggest that the relatively largklacLeod, 1992) that the cue in antonym gen
priming effects seen in Experiment 5 were exeration might become integrated with the targe
aggerated because of the generally long reluring encoding. At the time of test, there might
sponse times in that experiment. Although it isherefore be confusion about which of the twc
not clear why response times were so long iwords in the recruited episode is in fact the
Experiment 5, there is evidence across our exarget. A brief, masked presentation of the targe
periments for a strong relation between the sizagould provide little perceptual evidence to re-
of priming effects and the absolute magnitudsolve this confusion. In contrast, full exposure
of response latency: Across the 127 subjects on the speeded word reading test would provid
our five experiments, the correlation betweethe necessary perceptual information. This af
size of the priming effect in the read conditionpears to be a plausible explanation for the fac
and response latency in the new condition wakat antonyms behave differently on the twc
r(125) = .64,p < .001. The priming effects in types of indirect test.
the interleaved condition of Experiment 2, like ) )
those of Experiment 5, appear to have beehn€ Influence of Prior Conceptual Processing
exaggerated because of their generally long la- Our key point is not that the priming is equiv-
tencies. Note that the generate priming effect ialent for the generate and read conditions bt
the interleaved condition of Experiment 2 (4Qrather that even conceptually processed worc
ms) was significantly larger than the auditorydo show substantial priming on indirect tests o
priming effect in Experiment 5 (16 ms{42) = this sort. There is, therefore, evidence of prio
2.13,SEdm= 11.189. conceptual processing affecting subsequent pr
We are particularly encouraged to see theessing on indirect tests. Obtaining this resul
close parallels between the speeded word reagith an indirect test—one that appears vern
ing data pattern in the present article and thenlikely to be affected by attempts at consciou:
masked word identification data pattern in ourecollection—runs counter to the proposal mad
previous work (MacLeod & Masson, 1997;by Toth et al. (1994) to the effect that concep-
Masson & MaclLeod, 1992, 1996). Both tasks$ual encoding operations do not have an autc
fully expose the test word, albeit only verymatic influence on memory when data-driver
briefly in the masked word identification taskindirect tests of memory are used. We assum
Our argument is that this complete exposurthat the speeded word reading test would b
recruits the record of prior processing of theonsidered a data-driven test by Roediger
item, in particular accessing the initial interpre{1990) classification, given the task requiremen
tive encoding of the item. This encoding, whiclof identifying an isolated stimulus and the mo-
we have argued contains both perceptual ardality-specific nature of priming on this task
conceptual aspects (see Masson & MaclLeofExperiment 5).
1992), supports priming of words that have Some indirect tests that are assumed to L
been read or generated, or indeed read adata-driven, such as speeded word reading at
associated. masked word identification, nevertheless shoy
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nearly equivalent priming for perceptually anccruiting different types of encodings. Direct
for conceptually encoded items. Others, such assts recruit the more extensive elaborative er
word fragment completion (MacLeod & Mas-codings that we undertake once we have regi:
son, 1997; Weldon, 1991), show considerabltered a stimulus and made a quick first pass
more priming for perceptually encoded itemsinterpreting it. The most typically used forms of
but still show priming for conceptually encodedthese tests (recall and recognition) are primaril
items as well. We are quite certain that thisensitive to how we think about the meaning o
difference is real given the numerous experithe stimulus on the two encounters and to th
ments we and others have done using thesatent that these extended semantic processil
measures. Our view is that the availability of apisodes overlap in their memory represente
fully specified orthographic pattern, as in thdions. Moreover, these tests ordinarily allow
masked word identification and the speedegrocessing at test to go on for as long as th
word reading tasks, recruits both perceptual arglibject requires, either with a complete stimulu
conceptual processing episodes. A test invol{recognition) or with no stimulus at all (recall).
ing partially specified orthographic patterns\When a complete or partial stimulus is available
such as word fragment completion, must relgs a cue, as in the recognition test, recruitmel
more heavily on recruitment of perceptual proef prior interpretive encoding operations is alsc
cessing episodes because the impoverished thely to be involved. We suggest that the re-
stimulus is often insufficient to specify a partic-cruitment of interpretive and of elaborative as-:
ular conceptual meaning and therefore is leggects of a prior encoding form the basis of
likely to recruit conceptual processing episodegamiliarity and recollection processes that ap
There exists a possible alternative account fgrear to determine performance on recognitiol
why the generation encoding task producegsts (Jacoby, 1991).
priming in speeded word reading. The occur- Under our view, indirect tests that involve
rence of errors during generation might indicateentification of a stimulus call forth the initial
that subjects resort to spelling the targets tmterpretive encoding of the item and do not
themselves because of uncertainty regardirgrdinarily draw upon prior elaborative encoding
their responses. Such spelling would constituteperations (conceptually driven indirect tests
a kind of covert perceptual processing of theuch as those involving general knowledge
targets, which could then underlie the observeguestions would be an exception to this charac
priming. Although not decisive, there is someerization). Interpretive encoding includes botf
evidence that is inconsistent with this possibilperceptual and conceptual components. Be
ity: When we used the antonym generation tastause the goal when this encoding was forme
previously (Masson & MacLeod, 1992, Experwas to interpret the stimulus, this is the encod
iment 2), we obtained no evidence of priming irnng most likely to be helpful when faced with a
the masked word identification task, which sugdegraded test stimulus or the requirement for
gests that at least this encoding task does ni@pid response. Here, recollection is not re
necessarily induce covert perceptual processinguired but interpretation is. Although it remains
Nevertheless, this is a plausible account and we be discovered how the weighting of the con:
are currently conducting experiments to test itseptual and perceptual elements works in var
viability. ous indirect tests, we are beginning to see son
consistent patterns across tests and situations
Remembering is a process of mapping pa:s
Gradually, we are learning more about th@xperience onto present experience, sometim
differences in how people use their memoriesonsciously, sometimes unconsciously. Con
on direct and indirect tests. Like Roediger'scious recollection can be seen as a constructic
(1990) account, our view is a transfer approprithat optionally accompanies the fluent, skillec
ate processing explanation (Morris et al., 1977performance that is supported by prior experi
We see the two types of tests as generally rence. To the extent that elements of prior epi

Direct and Indirect Tests of Memory
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sodes come to mind fluently and can be distin-  processing frameworklournal of Experimental Psy-
guished from other episodes, we can Zgglogy: Learning, Memory, and Cognitioh5, 657—
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coding episodes can support fluent perfor- perimental Psychology: Learning, Memory, and Cog-
mance, depending on the kind of task. However, nition.
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