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SUMMARY

Two experiments were performed to determine whether repetition effects
(improved performance over repeated trials) are primarily attributable to
abstract semantic memory or to instance-specific memory. Previous research
has been ambiguous, owing to limited involvement of abstract semantic memory.
Experiment 1 examined the role of instance memory for physical feature encod-
ing by observing reductions in repetition effects when typographic details
were changed (e.g., from "moist damp" to "MOIST DAMP"). Results showed small
but persistent reductions, suggesting that instance-specific memory for
encoded physical features or encoding processes was involved. However, the
small size of the effect did not rule out some additional involvement of
abstract memory for stimulus meaning. Experiment 2 attempted to assess
effects due to abstract semantic memory by semantically similar repetitions
(e.g., "moist damp" vs. "soggy wet"), as well as exact identity repetitions
(e.g., "moist damp" vs. "moist damp"). A short-lived (i.e., 7 seconds)
repetition effect for abstract repetitions was found. However, repetition
effects persisted much longer for identical repetitions than for semantically
similar ones. Further analyses of the data from the two experiments found
that individual differences in vocabulary scores related almost exclusively
with performance increments on semantically related repetitions and that
individual differences in performance on two working memory tasks correlated
uniformly across all repetitions. The present results may be interpreted as
favoring skill acquisition/retention theories that use instance memory rather
than some abstract strengthening process.
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Repetition of Semantic Comparisons:
Temporary and Persistent Priming Effects

Dan J. Woltz
USAF Human Resources Laboratory. Brooks Air Force Base, Texas

T%%o experiments tested the in\olsement of both abstract semantic memor\ representations and
instance-specific memory for feature encoding in repetition effects for a semantic processing task.
Experiment I shossed that a relati\el, small amount of facilitation I 1"- 15"') s'as attributable
to memor\ for instance-specific features (t~pograph.) of repeated trials. Although small, this
effect showed no decay oser repetition lags in\estigated. suggesting persistent memory f'or encoded
ieatuL1 01 ,,icoding processes Experiment 2 shosed that facilitation for semanticalls related
repetitions i, as short-li cd compared xk ith facilitation for lexicafl exac: --petitions. This suggested
that priming of abstract semantic memors max be insolsed in temporar. but riot persistnit
repetition effects. Indisidual diffkrences analises supported the conclusion that despite the
increased semantic complexit, of this repetition priming task oxer those pre% iousl\ used. abstract
semantic memor\ representations \kere not insolxed in persistent repetition effects.

People take less time to perform a repeated processing event et al.. 1)7-). xord identification IFeustel. Shitrin. & Salasoo.
than the original eent. particularl. if the txo events occur 19,3: Jacob\, 983: Jacob & Dallas. 1981: Jacoby & la\-
close in tine. This seems obv\ious and has been demonstrated man, 197: Salasoo. Shiffrin. & Feustel. I 95). and lexical
on numerous occasions xsith different cogniti\e tasks. A less decision (Dannenbring & Briand. 1982: Forbach. Stanners. &
obvious claim is that this phenomenon max reflect the same Flochhaus. 1974: Ratcliff et al.. 1985: Scarborough et al..
underlying memor\ processes that are responsible for many 1977).
forms of knovsledge and skill acquisition...fter all. much of Despite relatixe consistentx concerning the existence an1
everxda% learning occurs on the basis of repeating the same apparent increased longevity af repetition effo'crs with task
processing exent man\ times, becoming more efficient wkith complexit\. there ha\e been differences in interprt. ation \\ith
each repetition. If this claim is valid, understanding the mech- respect to underlying memor} mechanisms. In general. there
anisms of facilitation from single repetitions of processing have been twNo classes of interpretation. One attributes repe-
events may be of considerable psschological importance. tition effects to increased availability of abstract memor\

Earls chronometric demonstrations of %hat is called repe- representations that existed prior to the repeated processing
tion primin,' or the repcuition 'ect reported facilitation up event. That is. faster repeated trial performance is attributed
to 100 ms on repeated trials of a two-choice reaction time to residual activation or lower thresholds of existing lexical or
task (Bertelson. 1961. 1963: Bertelson & Renkin. 1966). Sub- semantic memory codes for stimulus words (Dannenbring &
sequent work demonstrated greater and longer lasting facili- Briand. 1982: Forbach et al.. 1974: Johnston. \an Santen. &
tation for repeated processing events in more complex verbal Hale. 1985: Morton 1979: Scarborough et al.. 197"). The
tasks such as old-new recognition for word lists (Hintzman. alternative interpretation attributes repetition effects to some
1969: Ratclift. Hocklev. & McKoon. 1985: Scarborough. form of instance memory. rather than the priming of abstract
Cortese. & Scarborough. 19"7). word naming (Scarborough memory. According to this interpretation. memor, for per-

ceptual features or feature encoding operations from prior

Research reported in this article was conducted within the Learning processing episodes facilitates subsequent encoding of the

Abilities Measurement Program (LAMP). a multiyear basic research same stimuli (Jacob\, 1983: Jacob\& Ha\man, 1987: Kolers.
project of the Air Force Human Resources Laborators. which is 1976: Kolers & Roediger. 1984). Although most researchers
partiallx sponsored b) the Air Force Office of Scientific Research. ha\ e attributed repetition effects according to one or the other
The optniins expressed in this article are the author's and do not of these interpretations, a fes hae proposed models for
nccessaril\ reflect those ofthe Nir Force. repetition effects that include both abstract and instance-

I x'.ish to thank Patrick K\xlloncn. Scott (haiken. Ra. mond Chris- specific memorN codes (Feustel et al.. 1983: Salasoo et al..
tal. \lliam \lle\. Paul Nichols. Valerie Shute. and \Williarn Tirre 19851.
for suggestions during the conduct of this research and for comments Most proponents of the abstract nmmor\ interpretation
on earlier drafts of this article. I am alko indebted to programmers hase aSslmed priming of lexical but not semantic MniCnors
fromthe O()) orporaton. cspeciall\. [racc('ribbsand Rich Walker.
Finall\. ! kan; to than. liinr\ Roediger Ill. (oh1it MacI cod. and an
anons mous re' ic%'er for man\ helpful comments and sugstions on ported cx itnce directl. addressirg the prlming of abstract
an earlier draft. thenlor tor timuuts \\ord ineanillt in) the repetition para-

orrespondence concerning this article should bC addrcssed to l)an digm ([)arnenbring & Briand. I 1)S2: Ratclifl et al . ,51).
J \% olt/. ( ognitise Skills \Nwssnicnt BrantI. \ir I-orc Itunlan Ihese studies used lexical decision tasks atid compared the
Rcsour.c I ahoratur.%. Brooks \ir Ior,c Base. I "cva 235 magnid ealtndl' a. nge ttl. of leWillallol) for idenit. 1lnd sc-
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mantically related repetitions. Results were consistent in lags. This was done by testing for reductions in repetition
showing facilitation attributable to abstract memory for effects when the typographic details of repeated trials (letter
meaning (i.e., the effect of semantically related repetitions) case) were altered. Although visual details have been shown
was short-lived, while facilitation from identity repetitions to affect repetition priming in lexical decision and word
was more lasting. identification tasks, they were hypothesized to have only a

Thus. previous -vidence !eads to a conclusion that priming temporary effect because of increased semantic complexity in
ofanstract emantic memorv olays. at most, a temporary role this task. Experiment 2 investigated the priming of abstract
in othervisc persistent repetition effects in verbal processing semantic memory representations as a source of repeated trial
tasks. In contrast, several researchers have argued convinc- facilitation. This experiment compared facilitation from se-
ingly that instance memory for feature encoding underlies mantically related and lexica!ly identical repetitions over var-
remarkably long-lasting effects (Jacoby. 1983: Jacoby & Hay- ious lag intervals. The presence of any facilitation for se-
man, 1987: Kolers. 1976: Kolers & Roediger. 1984). Kolers manticallv related repetitions was assumed to reflect priming
(1976) provided the most dramatic evidence for this argument of abstract memory for meaning common to lexically differ-
in reporting facilitation for previously read inverted text pas- ent processing instances. The persistence of such fac litation
sages after 1 year, where facilitation was not dependent on over varied repetition lags was also tested. Previous findings
ability to discriminate new and old texts by semantic content. from lexical decision tasks would suggest that semantically

Despite the evidence, these conclusions about the nature of related repetitions should produce very short-lived facilitation
temporary and persistent repetition effects seem suspect be- compared with identity repetitions. However, more persistent
cause they contradict evidence from other memory para- facilitation was hypothesized because of the increased seman-
digms. That is. other research has concluded ilat memory for tic complexity of this task.
instance-specific surface features fades quickly in lieu of more
abstract semantic representations for processing events. For Experiment I: Instance-Specific Memory for Stimulus
example, in studies of stimulus comparison processes. Posner. Orthography
Boies. Eichelman. and Taylor (1969) showed that facilitation
for physically exact versus different case letters decayed rap- Consistency of visual details has been shown to affect thc
idly in just a few seconds of interstimulus interval. Similarly, magnitude of repetition effects in tasks for which subjects
studies on memory for connected discourse have demon- have had limited experience such as reading inverted text
strated that memory for surface structure decays more rapidly (Kolers. 1976: Masson. 1986). as well as for familiar process-
than memory for abstract meaning of text (e.g.. Anderson. ing tasks such as word recognition (Jacobv & Hayman. 1987).
1974: Sachs. 1967). These findings have been used to argue for the importance of

One reason for these apparently discrepant conclusions instance specific memory for feature encoding in repetition
from repetition priming and other memory research might be effects.
the lack of semantic processing demands in previously used Previous findings from repetition priming of semantic com-
repetition priming tasks. Repetition priming studies have parison trials, however, appear contradictory t. a feature-
relied almost exclusively on lexical decision and word identi- encoding explanation. Substantial latency savings were ob-
fication tasks, neither of which explicitly demands semantic served for trials in which one of two words and the correct
processing. These tasks are complex primarily with respect to response differed between prime and repeated trial (Woltz.
visual encoding and consequently may not adequately test 1989), but only when positive prime tri:ds preceded negative
the potential contribution of abstract semantic memory rep- target trials (e.g.. moist damp followed by moisi ,lue). Al-
resentations. It seems important to test competing explana- though these repetitions produced large savings (200 ms even
tions of repetition priming by using other experimental tasks, after seven intervening trials), negative prime trials produced
especially those involving greater semantic processing in the no savings on subsequent positivc taiiget tria s (e.g.. mtoi.,t lut
absence of unusual encoding demands.' followed by moist damp).

Repetition effects have been found in moderately complex Regardless of the memory representations involved, one
semantic processing tasks involving word meaning compari- expects smaller repetinion effects whun primes and targets
sons (Woltz. 1988. 1989) and word category comparisons have only one word in common. espec~all. when the com-
(Woltz. 1988). In a semantic comparison task involving word parson and response processes differ. Howexer. the as'm-
meanings. two words are presented on each trial (e.g.. umoist metric tacilitation for" positiwe-negatixe and negatie-positive
damp), and subjects decide whether their meanings are alike repetitions is diffictuit to explain in terms of memors for
or different. Comparing the meaning of two words presum- instance-specific encoding. Why should memor\ for encoding
ably utilizes semantic memory representations to a much positive trial features facilitate subsequent negative trials. but
greater extent than either lexical decision or word identifica-
tion tasks. Consequently. priming of abstract semantic mem-
ory may underlie persistent repetition effects in this task. Kolers (176) found long-term repetition effects for reading in
despite the lack of evidence for this in simpler tasks. veited text. which is certainly semantically complex compared with

Two experiments are presented here which investigated the lexical decision and word identification tasks. However. thtL most
nature of facilitation observed in repeated semantic compar- salient characteristic of the Kolers task was highly complex encoding
ison trials. Experiment I investigated the role of instance demands. Thus. this evidence also may have biased interpretation of
memory for physical feature encoding over various repetition repetition effects toward memory for encoding processes.
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not the reverse? On the other hand, this pattern conforms Repeated trial semantic comparison task Each trial consisted of
well to a model of spreading activation in an associative two words presented in the center of the computer display, one on

network of abstract memory codes for words and their mean- top of the other separated by approximately I cm. Each trial was

ing (e.g., Anderson, 1983a. 1983b). Positive prime trials preceded by an attention cue (one asterisk) presented for 250 ms
should produce greater activation than negative prime trials followed by a blank screen for 250 Ins. The two word, were then
isoul i p rou geaeactivti tnodes eatse p e t presented and remained on the screen until the subjeLt responded bN
tial smtiulichae orexicamein nds featurse tpositive pressing either an L key (for Like) or a D key (for Different).
trial stimuli have oveiapping semantic features that would depending on whether the subject judged the words to be synon Ims
share activation in the network. Thus, although previous or unrelated. Subiects were instructed to respond as quickly as pos-
results from repeated semantic comparisons appeared to be sible without sacrificing accuracy. Response feedback was also de-
best explained by activation of abstract memory codes, the signed to encourage attention to response speed without inducing
possible role of instance-specific memory for feature encoding errors. Trial response latency followed correct responses for 1.000
in this task was uncertain, Ins. \k hile the word M RON(; and a low tone followed errors for 1.000

To test the possible in\ olvement of instance-specific encod- ms. In addition, subjects were presented summary feedback of percent

ing memory in the semantic comparison task, Ihis experiment correct and median latency after each block of 75 trials and were
reminded to respond as quickly as possible without sacrificing accu-

assessed the importance of visual details (typography) to re- racyr.
pealed trial facilitation. Subjects performed a semantic com- Each subject performed eight blocks of 75 trials. Sixteen of the 75

parison task with repeated trials similar to that used in pre- trials in each block were repetitions of trials presented earlier in the
vious studies (Woltz. 1988. 1989). Approximately one-third same block. Four orthogonal factors defined the repetitions: (al
of all trials were repeated within 15 subsequent trials. Some positive versus negative match on first occurrence (e.g.. nrott damp
repetitions used the exact stimulus set from first occurrences \s. moist bloc' as the priming trial). (b) same \ersus different match
(thus the response stayed the sameO and some repetitions of second occurrence relative to first occurrence (e.g.. nit bt

were converted (one of the words from the first occurrence followed by mroist tli, is same match because both are negatise

was replaced so that the correct response changed). Differing matches while moist blue followed b. moist amr is different match

from previous studies with this task, half of the repeated trials because one is negatise anti one is positivc). (c) same \ersus different
case of second occurrence relative to first occurrence (e.g.. wr)Ist

of each condition preserved the case of the first occurrence. case follood oi uc and (d t occurrence
andhalchagedthecas. Istace emox fr piorfeaure DAMP tbollo%%ed b\ o ,l< t th), and (d) trial lag of second occurrence

and half changed the cas, instance memory for prior feature after first occurrence (i.e.. second occurrence I. 2.5. or I5 trials later).
encoding was implicated if same-case repetitions resulted in A complete representation of the repeated trial design \sas achie\ed
more savings than did different-case repetitions. in a random order for each subject over escr, two 75-trial block,.

There were 128 stimulus sets (word triplets) for repeated trials.
Each stimulus set consisted of a stem word (e.g.. armple). a s. non. m

Method of the stem (e.g.. .sidfiient). and a foil unrelated to the stem (e.g..
ic'hsc). Stimulus sets were randomly assigned to design cell and trial

Subjects. Subjects were 273 US Air Force recruits in their 6th block for each subject.
day of basic training at Lackland Air Force Base. Texas. Approxi- There were 344 stimulus sets of word triplets used for nonrepeated
matcl 17 ' of these subjects were eliminated because performance trials. Nonrepeated trials served as fillers and were balanced within
scores indicated lack of effort (i.e.. chance errors rates or failure to blocks for (a) positive and negative matches and for b) upper- and
complete the experimental tasks.) Another 3C- of the subjects were lowercase presentation. The 344 stimulus sets were randomly assigned
eliminated because English was not their primary language. Of the to trial type and block.
remaining 219 subjects, 175 were male and 44 were female. All Repetition lag was accomplished in the following manner. Each
subjects were high school graduates, and approximately 20C; had at block began with 7 filler trials (for warm-up) followed by four contig-
least some college work. The age of Air Force recruits ranges from 17 uous sets of 17 trials. The first trial in each set of 17 was a filler
to 27 kcars. (nonrepeated trial): then the first occurrence of a Lag 15 trial was

ljrpar ao. All experimental tasks were administered on Zenith presented. The next 13 trials included the first and second occurrences
Z-248 microcomputers with standard keyboards and EGA color video of Lags I. 2. and 5 in random order, with one filler trial separating
monitors. Materials were presented on the monitors in 24 x 80 the second occurrence of one lag from the first occurrence of the next
character text mode. Software was written to achieve millisecond lag. The nest trial was another filler trial folloswed b\ the second
timing on response latency recording. occurrence of lag 15.

Procedurc Subjects were tested in groups of 25-35. with each
subject at an individual testing carrel. Subjects were first gisen a brief
orientation to the experimental session and practice locating keys on Re'Suls
the ke. board. All instructions were computer administered, and
proctors were a\ailable to ans\%erqucstions. total time of each session Performance oin the scmantic comparison lask resealed
was approximatel\ 3.5 hr. Subjects "ere allowed brief rests between substantial sas ings for both same- and different-case repci-
experimental tasks and were given a 5-min break approinate. tions. For salle-case repetitions. the mean of idi\idual me-
halfvwa.y through the session. dian response latent\ across trial conditions %as I.2" ins

I 1e cogniti'e tasks \serc administered to each subiect ,luring the (NI) = 33,)) oi irsl-occtirrcnce trials and 1,099) iIs o1r sectond-
experittental session, ,\11 suhiects perlornCd the semantic conmparl-
son task first I he rcnmaming iaks s%%ere designcd to ittCaso e indl\ id- O'ccurrenc Irials (1I) = 249 ). IFor diflerernt-case repetitions.

iial dkeMcs in crha I kniriwledge anrid \oirkinv mieitor\ s il Ite Incani of ind i eiddual mediat response Ilatec\ c .iro s 111.11

Scores lin thce tasks were used as co'a"istett a 11 n11\rat e in indi is)n irr- C di ion li \ ssIs I .I( I 04 ( -) 53 )1 t I rt -OCCt urreIt'cc t lk

ences analkses Io he piesnted it a Iater Nk' ti )lil li hcb st'1,ni aind 1. 1 _ is ni l tclond-occctrrtnct Trials (.1) - I(,si( 1 lie
Lomlparlsison task wkill Ile described here. diff'creIrc bels \CCl ,aite-case repelition sas in gs (I QS tts() a td
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different-case repetition savings (175 ms) was statistically
significant, F(l.218) = 11. 7 5, p < .001. 2,/

Savings in performance accuracy were significant, F( 1. 218)
- 82.99. p < .001. but did not differ between same- and
different-case repetitions, F(I. 218) < 1. For same-case repe-
titions, performance improved from 1 1.17"; errors (S) = U
5.67) on first occurrences to 8.72% errors (SD = 5.36) on
second occurrences. For different-case repetitions. perform-
ance improved from 10.99i/: errors (SD = 6.20) on first
occurrences to 8.42% errors (SD = 4.66) on second occur-
rences. There was no evidence of a speed-accuracy trade-off
because the con-elation between average latency and percent
errors for the sample was nonsignificant. r = -. 06. 1 > .35.

Table I presents mean latency savings by trial lag. Of
primary interest, the savings difference between same- and
different-case repetitions appeared equivalent across lags. This
was confirmed by a nonsignificant Lag x Case interaction. F'ure Isperiment 1 Mean tatenc\ sa~ings )r Same- ant Dif
F(3. 216) = 1.13. 1i > .30. Thus, as seen in Figure 1. which ferent-(ase Repetitions x I rial lag (A 2 I
presents average savings collapsed over repetition type. there
was a small but significant loss in savings when the case of
repeated trials differed from the case of the original occur- of\isual sirnilarit\: the initial sa\ings difference bct\scen case
rence. Howe\er. decax of savings did not differ as a function conditions persisted through I ag I5.

Because saxings scores %%ere computed as the differcnce
between first and second occurrences for each lag. there \\as

Table I more opportunit\ at long lags for general practice effects to

.Mean Seatcy.v avin,', f.r Semantic (omlparison Repeae d contaminate savings estimates. That is. subjects could be
Trials x Trial Condition Fron Experiment I (. = 219) faster at the second occurrence of' Lag 15 relati\c to the first

occurrence because of general practice elects oser interxenng
Repetition lag (trials) trials. To investigate this. average change in latency \%as

Repetition tp I 2 5 15 Combined estimated across all nonrepeat trials (first occurrence andfiller) within blocks. (he first se\en trials of each block %crc
Same-case repetitions warm-up trials not used in other analyses. so they \%ere also

Positive-positive eliminated from this analysis.) kuther than a general speed-
Al 396 297 315 320 332 up due to practice. there was a significant linear increase in

SD 42 181 195 196 •158Positive-negative latency over the sequence of 52 non-repeat trials in each

M 194 133 123 144 149 block. "( 1. 218) = 11.31. p < .001. This apparent fatigue
SD 233 218 257 2(10 159 effect was relatively small, how.e\er, at less than 0.5 nms per

Negative-positive trial. The net result of this cffect ssas to slightly underestimate
.S2 43 46 4 3 150 average savings at Lag 5 by about 2 ms and sa\ ings at Lag 15

Negatie-negative 3bx about 7 ins. Fatigue %%ithin blocks w'as also reflected b a

.1/ 346 232 229 237 261 small but significant increase in errors o\er trials. F" I. 218)
SD 288 220 235 258 199 5.95. p < .05.

There wsere other differences in Table I of interest. First. as
Different-case repetitions found earlier (Woltz. 1989). the o\erall eftct of lag %%as

Positive-positie significant. F(3, 2161 = 24.83. 1 < .001. but the deca\ of
.1 338 258 276 294 2g2b t
SO 236 244 2 1 2)2 165 savings oser lag was not continuous. The presence of deca,

Positive-negative at each lag was tested b\ using orthogonal lelmert contrasts
l 207 130 119 125 145 (Rock. 1975). These contrasts compared sasings at each lag

SO 242 242 233 208 168 with sa\ ings from combined subscqucnt lags. OnI\ the sa' ingsNegatise-positis e
,t 1 8 45 64 5I 45 difference between Lag I and Lags 2-15 was significant. F( 1.
S) 256 21)7 255 248 147 2181 = 69.43. l, < .001. Both the savings ditference bet\\ecn

Negative-negative Lag 2 and lags 5-15. I . 218) = 1.69. p > .20. and the
.1 289 200 218 182 222 sa\ings difference betxeen lag 5 and Lag 15. F(1. 218) < I.
SD 308 240 232 294 194 were nonsignificant. Thus, decay resulted from the first inter-

Note. Mean latency savings are displayed in milliseconds. ILatenc. vening trial, but not from subsequent inlersening trials.
savings were computed as the difference between repeated trial latency A second finding of interest in Table I was that saings
and first occurrences of the same trial type within each repetition lag.
'The first word of each pair refers to the match type of the first depended on first-occurrence trial type (positise or negative).
occurrence, and the second word refers to the match type of the 1f2. 218) = 278.27,' < ,(0l. and on whether the second
second occurrence. occurrence was the same trial type as the first. P I.1 218) =
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621.75, ; < .0)01. T]his onl\, partiall\ renlicated the earlier similar to that described lix Ratcliffne al. ( 1985). \oncontin-
finding iVolt, 1 989) described in the introduction to this uous deca\ of" sax ings f'or hoth same- and diflerent-case re-
experiment In the pre, iousi), stud%. negatix e-positis e repe- peatcd trials Suggested that some temnporar\ memilorx cisa
titions produced less sat, ngx, than other repetition tspes.hIis, tion fo(r trial contents ma\ last until one i nterx ening ir; .lis
difference xx as reflected in a ignificant interaction betss ceni procesed. Followi, rg the apparent loss of' irmediate cix-
tirst-OCCUrreace trial t\Ipe arid corrsistenc\, of'first arid second- lion, the lack otfo'il her sax i ris deca-. A ith uip to 14 rnlterx en-
occurrence trial il ps. lIn thre current experinmerit, this inter- i ng trials suggested additional ins ol\Lement of a more persist-
aCtion did riot reac-h oigniflicarnce. 1-1 1 . 2 I X 2 _.96. /I > M((. ent rierior\ for originral trial content or proccss"irw. Although

\ thIird f iding of inrtcrest In I able I %x\as, t-ar case si m ilarit\ repetition effecs xx crc ins stigated ox cr a nmaxi mum i ol I I,
InrILIACd xxith htral It.pC smilarits /. 2 ,18) = W.09. p) < trials. the 'om~pICte absence of' deca. affer l ag I kUggested
(H) 1. Vs Can hc seen1 In I able 1 . ease,. change had its gearest that these effects mna\ last longer than a single expewrinlental

effect for repeated trial,, that xx crc: identireal ito their original sesson. Such persisteceI xx onId be ci nsistent x i f indi irig

occ~urrence in all othecr Txas.Ihat Is. case chIange reduced hrorii lexical decision arid xx ord idenr ificatrori expe.riI lnin
sxrsb\an axerage of,4O nix in poiiepstx eeiin xi.herc singlde repetitions produced significant sax ings oxer[

andt 3) mx, Iin rigatc- nqgatix c repetitions. InI comparisoni. sex, cral da\ s (Jacobs. 1983 Jacobx\ & Dallas. 1 98 1 : S, i I-) -
case change reduced sax ings b\ an ax erage of' oil]\ 4 mns in ough et al.. 19)771.
both poisrtrxc-negatrx e: arid negatixe-positie repetitions. lIi In sumr1niar\. case changes resulted in persistNILt recions101
these latter repetitions,. xx here iotils one xx ord xxas retained in] repetilti1 isax iigUs u nder certaini trial condilions. t1h1 ',i u-
fromt pri rue to target. the di Iferenects MCI! samel- anrd diII, gestinrg irisols eentn of i ritaricc rnemor\ hir ericodeit plis sical
fi rcnt-cais CiirdItioris xx as ions. ,rificarit. F( I. 21S) I . tcatures or featuOre encodinrg processes . 11%OT g)x cxI )r i Iits
Thus, ease siilarit\ affected savings oriI\ x%%len all lexical smiall rmagniitude. this effect did riot rule: out additional InI-
eoinipntsiv reriainied constant and in the sarli locationr e .er x olvemiet of abstract mnenior% for stimulus necaring
lepet it iiris

Ako if x xi n Experiment 2: Priming of ,Abstract Semniitic \Icriir

Case changes betsxccr pri rue arid target iiials reduced the Researcherstxx ho has eattributed pers'isItnt repetition cflctsI
magnitude of iderutits priming eflfects iii semantic comparison to priming of abstract memnorr codes has e generIal)'. assUnrued
trials. Although the case-chiange effect .%as, relatis cl\ small lexical, not semantic. representations ( [)anrierbring & Briarid.
It)' - IS of' total a\ ings) and present oril\ in repetitionrs 1092: Forbach et al.. 1974: Johnston et al., 1985 . Mon-tori

preser ing all prime trial components, it persisted over all 1979: Scarborough et al.. 1977). Furthermore. Darineubriug
lag interIsals int.estigated. [ hat is. the v isual similarity of the and Briand ( 1982) and Ratclif) et al.. ( 1985) reported ev idence
repeatedl trial to its prime \xas as important at Lag 15 as it suggesting onl\ temporar\ int.ols ement of- abstract semnrtic
vxas at I ag I. memor\ in repetition priming. These studies used lexical

The effect of case change. and particularl\ the persistence decision tasks and f'ound facilitation for semanticall,, related
of' this effect over trial lag, implicated instance memnorN for repetitions to be short-lived compared sxith facilitation for
encoided features or encoding processes. The increased senian- exact repetitions. lfowkeser. gixen the increased semantic con-
tic complexit\ of' this task oiver prev ious repetition priming plexity of the current task. I hxpothesited that somek portion
tasks did not eliminate the role of' instance-specific physical of' persisting repotition effects would be attributable to the
feature memorx,. Moreover, the influence (if such lowA-level priming of' abstract representations of' sord meanings and
1'eature memori, did not decay quickl. as might be expected relations.
from the temporarN availabilitr of' surface li.eatures in other Priming of abstract seniantic representations sxas tested iii
semantic proicessing tasks (e.g.. Anderson. 1974: Sachs. 1967). Experiment 2 b\ coniparing repeated trial facilitation froml

The fact. hossex er. that case change had no effect on identit\ repetitions (e.g.. o' i do' :1i folloi' ed b\ momi damp)~fi~
posri. -negatis e arid negatix e-positis e repetitions suggested sxitli facilitation from ii rrarutic:all\ siriiilar repetitions (e.g..
that facilitation due to feature encoing riienior\ mias lie mii do ij folliusx d b\ siv I~'II-). Thle expe ricrital appa-
highl\ context specific. Case-change effects should hatse been ratus arid pro0cedures xxere identical to those uIsed ii I xpcri-
smaller on positi c- negatixcarid niegatix e-piisitns e repetitiotis riiert I . ecepclt that hlt foii the repeated trials, xxcrc Seniari
hCeaUWe (III\ iine xxiird [i target trials, matched pirinme trial call. related rallier than identicalJ 1i firSI-ocLUrrerice trials,
iiriterits I hiixexer. itfthC 4(1-ms case-change effct iii piisitixLe- Senianticallt. related repetitions Could s~iiless sax, rdigs (or

piit %ix ard negatIixe L- ncitaIxe\ rep't itrii ref',Iletekd lI'clI Ita- C\xC11 rio, sax\ rigs!) 1Com1are1d xt irli 1ditt repetitions (I'C txx0
lt IIoInII rcnk. Ii, 1txx 1 itirurn ( xx, rdsLI. one %' xotld xCt,)I reasons' I 1ist 'hi, i II r-n beL rio, sax% irIis fmri prx lowIl "Itial

1~~~hx\ 1wi, pt I~i lie 1i1i, dii ' kt lic xxx iriki h il. iii? icr II i I nt ii iii i)lit ICIi xi neI 11 ii. d hIcT11 t iiCi,k itfe

idfnlii al Limic t I cpc..ied te Io Il ii I "W 01ru 1ecmd It son11p1t, PlI

IxxCeri tenuipiirai arid perisI"tent iderit,11\ rtitiiin1101 effects 110in Ot ,h tt lexical ricritor\ representations w L! ..o~
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gens), then this portion of savings would also be eliminated = 318.07, p < .001. Despite the attenuation of savings for
by semantic repetitions. synonym repetitions, these savings were still greater than zro,

Given the two sources of repetition savings that should be F(l, 240) = 34.54. p < .001. thus suggesting the priming of
eliminated in semantically related repetitions, any observed abstract semantic memory' codes.
sa% ings were assumed to reflect priming of long-term memory Performance accuracy showed a similar patter2 to that of
structures representing the semantic content of stimulus latency. For identity repetitions, performance improved from
words (c.g.. concept noues in a semantic network or links that 10.30% errors (SI) 5.68) on first-occurrences triais to 8.06%C'
represent semantic relations between lexical representations). errors (SD = 4.66) on second occurrences. There were corn-
This experiment addressed two questions with regard to the paratively less savings in synonym repetitions: performance
hypothesi/ed priming of abstract semantic memory codes. improved only slightly from 10.76% errors (SD = 5.12) on
First, are there measurable savings for semantically related first occurrences to 9.53% errors (SD = 5.99) on second
repetitions? Second. if sat ings exist, how persistent are they? occurrences. As with latency savings, the accuracy saxings
If the. are as persistent as savings from identity repetitions. difference was significant between identity and synonym rep-
then priming of semantic memor, codes might partially un- etitions. 1(. 240) = 5.65. p < .05, and although synonym
derlie persistent savings for identity rpetitions. However, if savings were smaller, they were still greater than zero, /-(I,
satings from semantically related repeitions are relatively 240) = 15.47, p < 001.
short-lived, as might be predicted from lexical decision data As found in Experiment 1. there was no evidence for a
(Dannenbring & Briand. 1982: RatelifT et al., 1985), this speed-accuracy trade-off The sample correlation between
would suggest abstract semantic memory involvement in average latency and percent errors was greater than zero. r =
temporar\ but not persistent identity repetition effects. .16, p < .05, indicating that faster subjects made fewer errors.

Mean latency savings by trial lag are presented in Table 2.

.th't/od The effects of iag on savings revealed a different pattern of
decay for identity and synonym repetition savings. As shown

."utjle' t Subjects were 291 Air Force recruits in their 6th day of
basic training at Lackland Air Force Base. Texas. Approximately 14%
of these subjects \ere eliminated because performance scores indi-
cated lack of effort. Another 3Ci of the subjects were eliminated Table 2
because English \%as not their primary language. Of the remaining Me'an Latency Savings.br Seinanc Comparison Repeated
241 subjects. 195 were male and 46 were female. Trials X Trial Condition Froin Pf-perimnenl 2 (A = 241)

Proc'dtri," Subjects performed the same live cognitive tasks as in Repetition lag (trials)
Expenment 1. Only the design of -he semantic comparison task Rptiagral
differed. Tasks other than semantic comparison will be described in Repetition type' 1 2 5 15 Combined
a later section reporting individual differences analyes.

Repeated trial semantic comparison This task was structured Identity repetitions
identically to the semantic ,'ompariscn task in Experiment 1, except Positive-positive
the manipulation of case similarity in repetitions was replaced with a 'i 338 251 266 278 283
manipulation of lexical similarity. All trials were presented in lower SD 215 211 202 180 131
case. Half of all repeated trials used stimuli that were lexically identical Positive-negative
to first occurrence trials (identiti repetitions), and half used lexically 3f 152 87 87 83 102
different but semantically similar stimuli (synonym repetitions). That SD 211 256 201 290 148

Negative-positiveis. for each of the 128 stimulus sets used in Experiment I (a stem 'i 18 13 35 87 38
word. a semantically related alternative, and an unrelated foil), there SD 253 230 307 180 142
was a synonymous stimulus set (e.g.. ample. suifficient. and enclose Negative-negative
was semantically parallel to enough. plenty, and surround). Within Jf 248 165 153 137 176
each design cell created by crossing lag and repetition type. half of SD 247 227 231 258 157
the repeated trials used the same stimulus set. and half used the
semantically parallel set. Assignment of stimulus set to trial condition Synonym repetitions
and block location was random for each subject. Positive-positive

.Jf 90 94 21 44 62
SD 191 222 267  263 139

Resht.s Positivc-n -gative
.I 79 28 -22 -6 20

Performance on identity repetitions resembled that from S1) 226 218 247 249 141
both case conditions of Experiment I. The mean ofindividual Negative-positive

A.l 47 05 23 12 22median response latency for identity trials was 1,281 ms (SD SD 226 256 257 213 163
= 317) on first-ocurrence trials and 1.131 ms (SD = 277) on Negative-negative
second-occurrence trials. As expected, synonym repetitions Al 12 47 -9 (13 13
showed comparatively less savings. The mean of individual Sl) 220 235 258 232 142
median response latency across conditions for synonym trials Note. Mean latency savings are displayed in milliseconds. Latency
was 1.275 ms SD = 303) on first-occurrence trials and 1.246 savingswere computed asthedifference between repeated trial latenc
ms (SD = 302) on second-occurrence tials. The overall and first occurrences of the s. me trial type within each repetition lag.' The first word of each pair refers to the match type of the first
difference between identity repetition savings (150 ms) and occurrence, and the second word refers to the match type of the
synonym repetition savings (29 ms) was significant, F(I. 240) second occurrence.
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in Figure 2, which presents average savings collapsed over mantic memory codes. Priming of abstract memoy for mean-
repetition type. decay for identity repetition savings resembled ing common to lexically different processing instances was
that of previous data: Only a portion of total savings decayed, inferred from significant savings in semantically related rep-
and this occurred exclusively with one intervening trial. In etitions that could not be at,,11-uted to memory for recent
contrast, savings for synonym repetitions decayed gradually perceptual processing or direct activation of lexical memorN
but completely over the first few intervening trials. The Lag representations.
x Lexical Similarity interaction representing this difference Also of importance was the finding that identity and se-
was significant. F"(3, 238) = 6.53. p < .001. Analysis of mantically related repetition effects had different decay rates.
Helmert contrasts for this interaction revealed only one sig- As found in Experiment I and previous work (Woltz, 1989).
nificant decay difference for identity and svnonym repetitions identity priming effects showed an immediate but incomplete
which was between Lag 2 and Lags 5-15,. 1(1. 240) = 18.81. decay with one intervening trial. Following the immediate
p < .001. Interactions of lexical similarity and Lag I versus decay, savings remained constant for the 15 trial lags investi-
Lags 2-15. /')(I. 240) = 2.07, p > .15, and lexical similarity gated. In contrast, facilitation from semantically related
and Lag 5 versus Lag 15. F( 1, 240) < I. were nonsignificant. primes decayed completely over the first few intervening trials.

The difference in savings decay for identity versus synonym Thus. repetition effects attributable to abstract semantic codes
repetitions also depended upon repetition type. The Lexical were short-li'ed while other repetition effects. including those
Similari x Match Typc x Lag interaction. I. 238) = 8.43. due to physical feature encoding (Experiment I ), were more
1) <  .). was significant. telmert contrast analyses revealed persistent. These findings are consistent with those from
that this interaction was significant only for lag I versus Lag lexical decision experiments (Dannenbring & Briand. 1982:
2-IS. 1- I. 240) = 22.72,. p < .001. As can be seen in Table 2. Ratcliff et al., 1985). So despite the increased semantic corn-
there was immediate deca\ of initial savings for all identity plexity of this experimental task compared with previously
repetitions, but immediate decay only for synonym repetitions used tasks. similar conclusions were drawn concerning ab-
that were dilffrent-match typcs (positive-negatixe and nega- stract and instance-specific memory codes underlying tem-
tive-positive). porary and persistent repetition effects.

A,; in Experiment I. general latency change within blocks Although the results of this experiment implicated some
for nonrepeat trials xwas estimated to address possible contain- form of abstract memory for meaning in temporary repetition
ination of sa\ings b\ practice. Similar to results from Exper- effects, they did not make clear the specific representation or
iment I. there ws as a significant linear increase in latency over mechanism involved. Observed savings on semantically re-
the sequence of 52 nonrepeat trials per block, F( 1. 240) = lated repetitions could be attributed to spreading activation
20.97. /? < .01. Again. this change reflected fatigue rather during prime trial processing to representations for or shared
than practice. The fatigue effect amounted to approximately by probe trial contents (see Anderson. 1983b). However.
0.5 ms increase per trial and thus resulted in slight underes- recent theories ofcompound or composite retrieval-cue mech-
timation of savings at longer lags. There was no change in anisms could also explain these data (Dosher & Rosedale,
error rate over trials of a block. I I. 240) < I. 1989: Ratcliff& McKoon. 1988). That is, performance could

have been faster on target repetitions that were semantically

Ditu.xsion related to previous prime trials because memory representa-
tions for prime and target trial contents formed a compound

Results of this experiment suggested that some repetition cue during target trial processing. Despite the different mech-
effects are attributable to greater availability of' abstract se- anisms assumed by spreading activation and compound-cue

theories, both assume involvement of existing semantic mem-
orv structures such as semantic concept nodes or associative
links between lexical representations.

Experiments I and 2: Individual Differences

Individual differences were analyzed as an alternative test
of the hypothesi/ed role of abstract semantic memor\ repre-
sentations in repetition priming. If repetition effects are at-
tributable to increased a ailahilit\ of'existing semantic mem-
or structures for stimulus words, then indi idual differences
in the magnitude of priming efnlcts should be related to
differencesin verbal knowledge (e.g.. as indicated b\ perform-
ance on a \ocabulary test). That is. differences in \ocabulary
test performance should reflect differences in the quantit

S.and organi/ation of memory representations for word mean-
ings and relations. I hesc dillirences should be positivel.
related to the nagnitudc of repetition sa\ings ifsavings reflect

Figurc ' I jp-riment 2: Mean latent\ ,,akings Ior ldcntit. and either temporary or persistent changes (e.g.. acti\ation or
Svn n~m F ,v'iiijons x trial Vag r% \ 241). strengthening) to these nemor.' structures. However. if se-
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mantic memory structures are involved only temporarily p < .001. Thus, the magnitude of savings fot same- and
when prime trials are semantically related but not identical different-case repetitions was correlated almost to the limit
to targets (as predicted from Ratcliff et al.. 1985). then indi- imposed by measurement reliability (a correlation of r = .69
vidual differences in verbal knowledge should be related onl% would be the maximum expected correlation, given estimated
to repetition effect differences in the sxnonym repetition reliabilities). Such a high relation suggested that the same
condition in Experiment 2. processes and memory structures were responsible for repeti-

Any pattern of correlations between verbal knowledge and tion savings in these two conditions.
savings for different repetition conditions would be difficult For Expeinent 2. split-half internal consistenc$ reliability
to interpret unless measures of other ,ognitive cor..ructs estimates were r, = .60 for identity repetition savings and
showed divergent patterns. Tasks designed to measure indi- r, = .69 for synonym repetition savings. The correlation
vidual differences in working memory capacity were included between these savings scores was r = .51. p < .001. This
for this purpose. Earlier work found that working memory correlation was significantly lower than tle correlation be-
differences were largely unrelated to the magnitude of identitv tween conditions in Experiment 1. c 2.26, 1 < .05.2 despite
priming effects (Woltz, 1989). However. possible relations comparable reliabilities. This suggested that, in contrast to
between working memory measures and semantic priming Experiment 1. partially diflrent processes or memory codes
effects were not tested. may have been involved in the repetition effects for the

In both Experiments I and 2. subjects performed a verbal identity and synony I repetition conditions of Experiment 2.
knowledge and two working memory tasks in addition to the Next, correlations of repetition savings with \erbal know)l-
repeated-trial semantic-comparison task. The verbal knowl- edge and working memor\ %\ere estimated. Iable 3 presents
edge measure was a traditional multiple-choice xocabulary these correlations for Experiment I. As expected from the
test. Working memory tasks were designed to measure per- high correlation between repetition conditions of Experiment
formance errors under concurrent demands for processing I. correlations in Table 3 did not diiTer significantly across
(verbal or numeric) and temporary information storage. This conditions for either verbal knowledge or working memory
operationalization of working memory capacity is consistent measures (p > . 0).' This again suggested that manipulating
with the model proposed by Baddeley (1986). Analyses re- visual similarity of repetitions did not substantiall\ change
ported here evaluated relations between these measures and processes underlying the repetition effects.
savings from both identity and semantic repetitions. Supple- Also of interest in Table 3 was that verbal knowledge. as
mental analyses of verbal knowledge and working memory measured by the vocabulary test. appeared to have lower
task performance are presented in the Appendix. correlations with savings than did working memory. Verbal

knowledge correlations with savings were significantly lower

Afethod than verbal working memory correlations with saxings for
both same-case. 1(216) = 2.02. p < .05. and different-case

Subjects, apparatus, and procedures \&ere those previously de- conditions, t(216) = 2.45. p < 01. Differences betxseen the
scribed for Experiments I and 2. Subjects performed the verbal verbal knowledge and numeric working memory correlations
knowledge and working memory tasks in a random order following with savings approached but did not reach significance (p <
the semantic comparison task. Detailed descriptions of the verbal .08).
knowledge and working memors tasks are presented in the Appendix. Table 4 presents Experiment 2 correlations of repetition

savings with verbal knowledge and working memory meas-

Results ures. As seen in Table 4. correlation patterns were similar to
those for Experiment I (Table 3) with one exception. As in

Analyses of individual differences in repeated trial savings Experiment 1. correlations of the working memory tasks with
relied on regression residual rather than difference score meas- savings did not differ across conditions (1) > .25). However,
ures of change (for discussions see Cronbach & Snow. 1977: in contrast to Experiment 1, the verbal knowledge measure
Donaldson. 1983). That is. subjects' median latencies for had a significantly higher correlation with synonym saings
repeated trials were regressed on median latencies for first- (r= .36 than with identity savings (r= .19). /(238) = 2.84, p

occurrence trials, and residuals were taken to reflect relative < .005. Furthermore. when corresponding correlations for
savings (large savings were represented b\ negati\e residuals: Experiment I and Fxperinent 2 were compared. only the
subjects who were faster on repeated trials than predicted b\ vocabular-dil'ercnt-case sa\ings correlation from Exper-
their first-occurrence latenc\ 1. Residual savings scores ap- ment I fr .14) and the \ocalular.\-synonvtn sa\ings cor-
proximated a normal distributioli for both esperiments. e\- relation lrom Fxlperiment 2 r .361 differed significantly. -
cept for a fexx extreme \alucs. TAo reduce the inlIince of'these - 2.5 1. p, < .01. Ihts. crbal kno\\ ledge \\as uniquel\ related
estienic e.lhtci on correlations, residual s.axings greater tIhian Io tle nagiitude of si\ ngs III tile s nonl\ II repetition con-

three standard dcviations from the ican \%erc replaced \vith \|ilon off I pcrin icnlt 2.

that xalhe (23 subjects across both c\peri nIts).
First. lhabilit\ estilates and inltert'irct iins o crc tol- ]Illih 1elli\ -'tir'liiii mm ildep'idei si mpIes "\ew

puted f1 ',ik ax n s lnca;lurk"N %\ithn chIL 11 ptC\ 'll t'n0 I or I ltic- \lh I ici.l li.,ri'hnli 1 i ti( illid ' I ILihli.

p.rlnilitn I. splir-hlf iwi bilil\ ctilillt's sert r * i'f " l n cii'iin liii 'il.. ',nnplc I66I\ fIi

SaWlIt-cI;s s :inl 1 anld t. f fcten ist saI\x l 
,  

\n.1, ii 1,i,lc x\cs I x\xlih I llr i c',! I(l I( itullf xd .

I lic twl;ation hc'lxciiilihsc lxx.i six0 , ii'% slf lck 0 
,

ri .'S. I 1; l
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Table 3 ated more with controlled attention processes than with au-
E.vperiment I Correlation of Semantic Comparison Repeated tomatic activation as in Anderson's model.
Trial Savings Residual With 'erbal Knowledge and Previous research showed negligible relations between
Horking Memory (WM'f) Measures b Repetition measures of working memory corresponding to Baddeley's
Type (N = 219) definition and repetition priming effects thought to reflect

Repetition ty.pe automatic memory activation processes (Woltz. 1988. 1989).
These studies concluded that the two conceptualizations of

Predictor Same case Different case working memory represent separate processing capacity lim-
Vocabulary test errors .11 .14 its. However. the previous studies measured savings only from
Verbal WM task errors .27 .33 identity repetitions. Semantically primed repetitions may bet-
Numeric WM task errors .24 .27 ter represent capacity-limited temporary activation processes.

Note. A negative semantic comparison residual represented greater given that spreading activation may be involved.
savings: someone faster on repeated trials than predicted from original Correlations from Experiment tested relations between
trial times. Correlations greater than r = .18 were significantly differ-
ent from zero at p < .01. measures representing Baddeley's working memory construct

and both semantic and identity priming effects. All priming
effects had modest correlations (.23 to .32) with working

Discussion memory tasks, and correlations did not differ between seman-
tic and identity priming conditions. Even when unreliability

Of primary interest in these analyses was that individual of measurement was taken into consideration. shared variance

differences in verbal knowledge correlated significantly higher between working memory and repetition savings was less than
with semantically related repetition savings than with lexically 20% in all cases. Thus, as concluded in previous studies

exact repetition savings. In contrast, working memory meas- (Woltz, 1988. 1989), activation and attention processes that

ures had equivalent correlations with all repetition savings, are central to popular working memory models seem to

This suggested that abstract semantic memory structures may represent largely independent cognitive processing limits.

underlie only temporary repetition effects when prime and
target are semantically related. If abstract semantic represen- General Discussion
tations are also involved in identity priming. they probably
affect only temporary and not persistent repetition effects. The primary question addressed by these experiments was

Correlations reported here also addressed an issue pertain- whether previous conclusions about memory representations
ing to two seemingly distinct conceptualizations of working underlying repetition effects in verbal tasks were valid when
memory capacity found in the literature. In Anderson's semantic processing demands were increased. Previous re-
(1983a) ACT* theory, working memory was defined as cur- search, primarily using lexical decision and word identifica-
rently active long-term memory nodes. Working memory tion tasks, suggested that abstract semantic memory plays at
capacity was defined in large part by limits of automatic most a temporary role, while instance memory for encoded
spreading activation and decay in existing memory structures. features or encoding processes underlies highly persistent rep-
In contrast, Baddeley (1986) defined working memory as a etition effects.
limited-capacity workspace for temporary storage and proc- Two converging sources of evidence in the current studies
essing of information. Working memory capacity was defined suggested conclusions similar to those from previous studies
by Baddeley in terms of limits within specialized temporary using simpler processing tasks. First. repetition effects directly
storage structures and of a central executive that coordinates attributable to abstract semantic memory were short-lived.
and controls processing and storage operations. Capacity lim- while other repetition effects, including those directly attrib-
its of Baddeley's working memory components were associ- utable to memory for physical feature encoding. persisted

throughout the lags investigated with no sign of decay. Second,
individual differences in verbal knowledge correlated almost
exclusively with magnitude of short-lived semantic repetition

Table A effects. while individual differences in working memoryv cor-
Experiment 2 ('orrelation o/.S'emantih (Comparison Repeat'd related uniforml. with all repetition eflets. These findings in
Trial Savings Residual If 7'h IVerbal Kn 'il('e and conjunction with those from previous research suggest that
I'torking,% ehmorY (I ".)11 .I('asure.s h. Repetition lemporar. and persistent components of repetition priming.
Tipe (V= 241) and their probable unierl.ing memory representations, are

Repetition type consistent across cognitive tasks that differ considerabl\ in
semantic complexit..

Predictor Identity Synonym As stated in the introduction to this article. repetition
Vocabular. test errors .19 .36 priming eflcts may have direct relevance to theories ofkno\sl-
Verbal WM task errors .23 .27
Numeric WM task errors .32 .32 edge a'id skill acquisition. Findings from several previous

studies support this view. Salasoo et al. (1 9851 demonstrated
Now. A negative semantic comparisnn residual represented greater that sprttio ew i so w ide onled

savings: someone faster on repeated trials than predicted from original that simple repetition effects in pseudoword identification led
trial times. Correlations greater than r =.18 were significantly differ- to long-lasting lexical memory representations that appeared
ent from zero at p < .01. similar to those for words acquired through normal language
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use. In research on skill acquisition, Masson (1986) demon- Anderson. J. R. (1983b). A spreading activation theory of memory.
strated that skill in identifying typographically transformed Journal of Verbal Learning and 'erbal Beha~i,r. 22. 261-295.

words was dependent on repetition effects for specific letter Baddeley, A. D. (1986). Horking memory. Oxford: Clarendon Press.

forms and combinations. Moreover, Kolers (1976) showed Bertelson, P. (1961). Sequential redundancy and speed in a serial

that skill at reading inverted text, presumably built from two-choice responding task. Quarterl/ Journal of Evperitnental
Psychology., 12.90-102.

simple repetition effects, given the findings of Masson (1986). Bertelson. p. (1963). S-R relationships and reaction times to new
persisted for at least a year without intermittent repetitions. versus repeated signals in a serial task. Journal of Experimnental
In combination, these studies suggest the possibility that P~scholob'. 65. 478-484.
seemingly simple facilitation effects from repeated processing Bertelson. P., & Renkin. A. (1966). Reaction times to new versus
events may be the building blocks for the acquisition of repeated signals in a serial task as a function of response-signal

complex and long-lasting skills, time interval.-o Pschologica. 25. 132-136.
Research on individual differences in skill acquisition has Bock. R. C. (1975). Multivariate staliAlhal tnethod.% in behavioral

provided additional evidence regarding the role of simple research. New York: McGraw-Hill.

repetition effects in more complex skill acquisition. Woltz Chaiken. S. R. (1989). .letivation capacity, activation deca , and
(1988) and Chaiken (1989) found that individual differences memory strength: Three predictor.% of skilled pertlormanc. Manu-
(8 aepetitin pikeng (1989s fo thesmatndidualadifens script submitted for publication.
in repetition priming effects from the semantic comparison Cronbach. L. J.. & Snow. R. E. (1977). .Iptitudes and instructional
task predicted late but not early stages of skill acquisition. methods. Newx York: Irvington.
These relations were interpreted in terms of a production Dannenbring. G. L.. & Briand. K. (1982). Semantic priming and the
system model of skill acquisition. That is, extended practice word repetition effect in a lexical decision task. Canadian Journal
of initial production sequences was assumed to result in of Ps chology. 36, 435-444.
componition or direct associations between appropriate ter- Donaldson. G, (1983). Confirmator% factor analysis models of infor-

minal actions and all necessarv conditions in the production mation processing stages: An alternative to difference scores. Ps.-

sequence. Production composition was hypothesized to rely chologi(al Bulletin, 94. 143-151.

on the same memory mechanisms underlying simple repeti- Dosher. B. A., & Rosedale. G. (1989). Integrated retrieval cues as a
tions effects. The correlations betxkcen repetition priming mechanism for priming in retrieval from memory. Journal of
tioncs efecs e oranceureins baestee r fti pratiin :.primenta/l.Pv"ctlohoi "; (ieneral. 1 IS. 191-211.
effects and performance during later stages of skill practice. Feustel, T. C.. Shiffrin, R. M.. & Salasoo. A. (1983). Episodic and
when composition was assumed to occur, supported this lexical contributions to the repetition effect in word identification.
hypothesis. Journal of.Exv eriou'ntal Psycholhgy: General. 112. 309-346.

Although the relations between repetition effects and skill Forbach, G. B., Stanners, R. F.. & Hochhaus. L. (1974). Repetition
acquisition reported by Woltz (1988) and Chaiken (1989) and practice effects in a lexical decision task. .tfenot & ognition.
were interpreted with respect to a production system model 2. 337-339.
of skill acquisition, the work of Masson (1986) suggests that Guilford. J. P.. & Fruchter, B. (1973). Fundainental siatistics in

repetition effects may also correspond to memory mecha- psycholo y and education. New York: McGraw-Hill.

nisms assumed by instance theories of skill acquisition. In- Hintzman. D. L. (1969). Recognition time: Effects of recency, fre-

stance theories assume that each processing episode during quency. and the spacing of repetitions. Journal of ExperimentalPs)'chology. 79, 192-194.skill practice results in a separate memory representation and Psv/lg.7.9294
Jacoby, L. L. (1983). Perceptual enhancement: Persistent effects of

that skill acquisition depends on growing data base of such an experience. Journal of Experimental Psychology: Learning.
instances in memory (Logan, 1988). Obviously, a persistent Memory. and Cognition, 9. 21-38.
memory effect from single processing episodes is central to Jacoby, L. L.. & Dallas. M. (1981). On the relationship between

such a theory. autobiographical memory and perceptual learning. Journal of Es-
The data presented here, in addition to previous findings, perimental Ps*ichology: General, 110. 306-340.

provide some evidence regarding memory representations Jacoby, L. L., & Hayman, C. A. G. (1987). Specific visual transfer in

underlying repetition effects. It appears that regardless of a word identification. Journal qf'Experimental Psiychology.r Learning.

task's semantic complexity, persisting repetition effects are Memryi. and Cognition, 13, 456-463.
Johnston, J. C.. van Santen. J. P. H.. & Hale. B. L. (1985). Repetition

more readily attributable to instance-based memory for pre- effects in word and pseudoword identification: Comment on Sala-
vious encoding than to strength changes in abstract memory soO. Shiffrin. and Feustel. Journal of Experimental Psychfogtzy
representations. However. given the relevance of repetition General. 114, 498-508.
priming to fundamental mechanisms assumed by both pro- Kolers, P. A. (1976). Reading a year later. .ournal of Experimental
duction system models and instance theories of skill acquisi- Pstchoh ,'i: lhtman Learnimg and .einort. 2. 554-565.
tion. a far more detailed understanding of this phenomenon Kolers. P. A.. & Roediger, H. 1.. 111 (1984). Procedures of mind.
should be the goal of future research. .ournal of I erbal L'arning and IVerbal Behavior. 23. 425-449.

Logan. G. t). (1988). Toward an instance theory of automatization.
l',icholoiical Review. 95. 492-527.

References Masson, M. E. J. 1986). Identification oftypographically transformed
words: Instance-based skill acquisition. .ournal of E perzoental

Anderson. J. R. (1974). Verbatim and propositional representation PI.oholl. L.earning'.. emor'. and C"ol,,ntion. 12. 479-488.
of sentences in immediate and long-term mnemr.t t ournal of Morton. J. (1079). Facilitation in "ord recognition: Ixperiments
V'erhal Learnng and I erbal Iehatior. /3. 149-162. causing change in logogen model. In P. A. Kolers. N1. I. \Vrolstad.

Anderson. J. R. ( 983a). lhe ar hlte ture of ioi,ntt,,n Cambridge. & If. '"ouma (tds.). Pro L tng of vttlfe hguage (pp. 259-268).
MA: flarsard University Press. New York: Plenum Press.



402 DAN J. WOLTZ

Posner, M. I., Boies. S., Eichelman. W. H., & Taylor, R. L. (1969). Salasoo, A., Shiffrin. R. M.. & Feustel. T. C. (1985). Building per-
Retention of visual and name codes of single letters. Journal of manent memor-N codes: Codification and repetition effects in word
Es jerimental Psychlogj, 79(l. Pt. 2). identification. Journal of !-vperimental I'sychoh~jzy: General. 114.

Ratcliff, R.. Hockley, W., & McKoon. G. (1985). Components of 50-77.
activation: Repetition priming effects in lexical decisions and rec- Scarborough, D. L.. Cortese, C.. & Scarborough. H. S. (1977). Fre-
ognition. Journal of Experimental Ps'chologt: General. 114. 435 quenc. and repetition effects in lexical memory. Journal ofE.per-
450. imental 'sichology. Iuman Perception and Performance. 3. 1-17.

Ratcliff. R., & McKoon, G. (1988). A retrieval theory of priming in Woltz, D. J. ( 1988). An investigation of the role of working memory
memory. Pv'chodogical Review. 95, 385-408. in procedural skill acquisition. Journal ofEsperiental Iwholoei

Sachs. J. D. S. (1967). Recognition memory for syntactic and seman- General, 117. 319-331.
tic aspects of connected discourse. Perception & I'choph.w.ts. 2, Woltz. D. J. (1989). Timo o trUlp, of working memor'r capacilt'
437-442. .Ittcntion and activatton Manuscript submitted for publication.

Appendix

Individual Difference Measures

IVerbal Knowledge and Wt'orking .Xh'monr Task Feedback was presented after all three probes for a list were
Descriptions answered. Accuracy feedback (number correct out of three) was

presented for 2,0(10 ms. This was followed by a 2.000-ms intertrial
time before the next get readv cue. There was a 15-s time limit

Vocazldar'l tevi This task consisted of 32 multiple-choice vocab- imposed on all probe frames. If time was exceeded, there was a
ulary items similar to those found in conventional pencil-and-paper message "Too much time." and the subject was moved to the next
vocabularv tests. Items consisted of a target word and five words as probe.
response alternatives numbered I to 5. Subjects were instructed to Numeric isorkng memnir' This task required subjects to perform
find the response alternatise that vvas most similar to the target sord simple arithmetic computations and to remember the solutions for
in meaning. Subjects responded by pressing the number key corre- expressions presented in five locations from left to right across the
sponding to their choice. computer screen. On some trials more than one expression was

All subjects received the same items in a fixed order. Accuracy presented per position in which case the most recent expression was
feedback was provided for 1,000 ms after each response. Instructions to be remembered. The number of expressions presentcd per trial
to the test emphasized the importance of accuracy. not speed. varied from I (only the leftmost position) to 10 (two expressions per

I "'rhal aorkjn' memory'. This task required subjects to maintain position. presenting the first five left to right and then the second five
a memory load of words in sequence and concurrently respond to left to right).
probes concerning the order and meaning of the words. On each of Only one position was probed fbr recall per trial, and each location
18 trials, subjects were presented with a set of three, four, or five was probed an equal number of times across trials. Each position was
semantically unrelated one-syllable words to remember in sequence probed once with 0. I, 2 3. and 4 subsequent expressions follovsing
(e.g.. stood, rich. poke, lob). Following a l,.00-msget readY attention its presentation. Varying the number of subsequent expressions in-
cue, stimulus words were presented one at a time at a rate of 1,000 volved different numbers of value replacements for different probe
ms per word. Then. three multiple choice probes were presented positions. So. although probe position was crossed with number of
sequentially. Each probe presented a word from the set with a number subsequent memory inputs., a confound existed between position,
ranging from -2 to +2 (e.g.. poke -I). along with five response number of subsequent inputs, and the number of position value
alternatives (e.g., occullatton. lah. pontv, lithr, n ealth)) Subjects replacements required.
were to interpret the word-number statement to find another word. The trials described above constitute a 5 X 5 (Probe Position ×
either forward or backward in the list from the designated "ord. and Number of Subsequent Memory Inputs) factorial task design with
select its synonym from the five alternatives (wealthy for the example the noted confound. Five additional trial types %%cre added in an
given). attempt to control for subjects' attentiveness to position values that

Probes were constructed in such a way that words from different %%cre replaced. Because trials representing the 5 X 5 design never
locations in the list were probed with equal t'requcnc.. In addition, probed positions that had been replaced, subjects %.ere polt nlially led
probe order was balanced with original list location, to ignore them. The five trial types added to the design probed each

There were 23 five-word fixcd order stimulus sets created for this position once after all fi.e positions had been presented and replaced.
task. Eighteen stimulus sets were randomlv selected for each subject Each subject was presented initial instructions and eipht r -actice
and randomly divided among the three memory set sizes, items. Following the initial instructions, four sets of the 3') tri i0 were

For trials representing a memory set of five, all five words were presented, Half of the trials were presented at a rate of 750 ins per
presented in the fixed list order. For four-word memory set trials, a stimulus position, and half at 1.500 ms per stimulus position The
random choice was made to present Words 1-4 or Words 2-5 from order of trials was randomized for each subject.
the fixed list order. For three-word memory set trials, a random The numeric expressions used only single digits and addition or
choice was made to present Words 1-3, 2-4. or 3-5 in order. subtraction operators, and they all evaluated to single-digit solutions.

There were five multiple choice alternatives for each probe. These Also, expressions were generated in such a way that there were unique
represented the entire set of synonyms from the stimulus set for that values at each position, and replacement values for a position could
probe. For each probe of a list, the order of the five alternatives was not equal the original value. Expressions meeting these constraints
randomized. were randomly generated for each subject.
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After all arithmetic expressions for a given trial had been presented, Table A2
a probe frame appeared with blanks at each of the five positions and Numeric Working Memory Mean Percent Errors x Trial
a question mark in one position. Subjects responded by pressing a Type.fir Experiment I and 2 Combined (N = 460)
number key from the top row of the keyboard. Accuracy feedback
was provided after each response for 500 ms. Between trials there was Prior memory Subsequent memory & processing load
a 1,000-ms delay of blank screen and a get readv warning for 2,000 load (PML) 0 I 2 3 4
Ms.

Fast trials
Verbal Knowledge and W4"orking Memory Results PML 0

A 7.17 11.41 15.76 20.33 25.65
The vocabulary test had a mean percent error of 40.52 (SD = SD 18.16 24.14 27.94 30.52 34.21

18.79). A subset of the sample had previously taken the Armed PML I
c n 11.52 20.33 28.37 34.13 39.67Services Vocational Aptitude Batter' (AsVAB). which also contained24.21 32.08 36.22 37.32 37.73

a vocabulary subtest. The correlation of the current vocabulary test PML 2
with ASAB vocabulary was r = .77 (N = 330). Thus, the vocabulary if 15.11 30.43 40.33 47.50 60.11
task appeared to adequately reflect differences in verbal knowledge SD 27.12 34.90 38.62 37.33 37.50
as measured by a standard paper-and-pencil vocabulary test. PML 3

The verbal working memory task had a mean percent error across it 19,78 37.93 53.48 59.89 68.59
all tnal facets of 28.95 (SD = 15.65). Performance errors by trial facet SD 29.70 37.36 38.90 36.08 33.94
are presented in Table A l. As seen in Table A , there was a substantial PM L 4

effect of list length on performance errors, F(2, 458) = 705.45. p < If 23.15 48.91 55.54 59.46 62.39

.001, and a smaller effect of probe order. P12. 4581= 4 7.13 , p<.0Ol. SD 31.52 38.19 39.15 37.82 38.89

There was also a small, but reliable List Length x Probe Order Slow trials
interaction, F(4, 456) = 3.38. p < .01. with onlx the interaction of
linear components reaching significance in univariate tests. F( I. 459) PML 0

Ai 5.98 7.61 10.43 12.17 17.07
6.97. p < .01. Thus, performance on the verbal working memory SI) 18.14 20.53 23.7 's 10 )O.02

task was consistent with Baddeley's ( 19861 model of working memory PML I
which predicts more processing errors with concurrent memor and M 6.20 12.61 15.43 20.98 30.43
processing demands. SD 17.45 25.86 27.83 32.00 35.51

The mean percent error for the numeric working memor task was PML 2
34.05 (SD = 15.73). Performance errors b trial facet are presented MI 5.98 18.15 24.67 34.57 47.07
in Table A2. As evident in Table A2. performance errors Aere a SD 17,53 29.37 33.41 36.76 37.30
function of presentation rate. F(I. 459) = 538.57. p < .001. prior PML 3

memory load (linear and quadratic components). F(2. 458) = ID 8.91 24.35 39.78 46.96 55,43

1.015.72. p < .001. and subsequent processing and memory load SD 4
PMIL 4

(linear and quadratic components), /-12, 458) = 858.15. p < .001. In 'I 7.50 26,63 38.80 41.74 50.54
addition, interactions were significant between rate and prior memory S) 20.16 33.86 36.60 39.01 39.81
load. F(2. 458) = 46.41, p <.001. rate and subsequent memory load. . .... ...... ....... .
F(2, 458) = 12.62. p < .00 1. and prior and subsequent memory loads.
F'(4. 456) = 163.19. p < .001. Thus, this task also conformed to In summary, tasks designed to measure individual differences in
Baddeley's conceptualization of working memor in that errors were ,erbal knowledge and working memory appeared to be satisfactory
partly a function of concurrent processing and storage demands. for this purpose. Errors on both working memory measures corre-

Correlations among verbal knowledge and working memory tasks
are presented in Table A3. Split-half internal consistency reliability sponded to general predictions made b Baddele s (1986 aorking

" " memory model. All performance scores showed sufficient and corn-
estimates are presented on the diagonal As expected. the working parable internal consistency reliability, and correlations among tasks
memory measures correlated with one another to a greater extent
than they did with verbal knowledge. Also as expected, the verbal conformed to convergent and discriminant construct %aliditN predic-

working memory task correlated higher with the verbal knowledge tions,

measure than did the numeric working memory task.

Table A3
Table A I (orrelations. .miong V erbal Knowledge and It orking
Verhal Wt'orking Mnemor' Mean Percent Errors hyr Trial .temort .leastres (I' 1).for i,'\'rii(ents I and 2
Ttpe.fbr K-.periment Iand 2 Combined (N = 460) Comblined (N = 460)

Probe order Variable I 2 3

L ( I. Vocabularv 'l errors .87' .29 .09
L len~th l,). 3. 2. Verbal WM % errors .89" .44

LI. 3 3. Numeric WN ri errors
'1 13.30 16. 16 16.20
SD 18.41 18.98 21.06 Note. (orrelations greater than r = .13 were significantlh different

1.[. 4 troin /ero at p < .01.

Al 20.94 27.28 27.57 "Split-half reliabilit. estimatc,

,D 20.52 23.11 23.85
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