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Individual Difference in Repetition
Priming and Its Relationship to
Declarative Knowledge Acquisition
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We report two studics that investigated the relstionship between repelitioaepeiming effects
(e, performance fucilitation observed in the repetition of & processing event) and declar-
ative knowledge acquisition within repetitive practice paradigms. The first stody reluted
repetition priming o puired associate learning, and the second study related e petition
priming to the acquisition of computer programming concepts. Differcaces in working
memory, semantic knowledge, and semantic processing speesd were also tnvestigated in
relition 1o buth repetition priming and learning. o both stodies, individual differences in
repetition-priming effects uniquely predicted tearning differences relutive iy the other cog-
nitive measures. Results are discussed with respoet o the potential impontisce of individ
ual differences in implicit memory phenomena in some forms of declartive lesrning.

Repetition priming refers to performance facilitation typicully observed when a
processing event is repeated. For example, several studies (e.g., lacoby, 1983,
Jacoby & Dallas, 1981 Kirsner, Milech, & Standen, 1983 Masson, 1986) have
shown that reading time s reduced for words that have been read previously
{repetition delays ranging anywhere from a fow minutes 10 24 hours), Further
more, repetition priming such as this does not appear to depend on recall of the
original processing events (e.g., Jacoby & Dallas, 1981, Tulving, Schacter, &
Stark, 1982).
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The phenomena of repetition priming has been investigated using a variety of
cogaitive tasks. Substantial and persistent facilitation has been observed for re-
peated (directly primed) trials in the following tasks: word identification (Feu-
stel, Shiflrin, & Salusoo, 1983; Jacoby, 1983; Jacoby & Dallas, 1981; Jacoby &
Hayman, 1987), lexical decision (Forbach, Stanners. & Hochhaus, 1974 Rat-
f:iiitf) Hockley, & MueKoon, 1985; Scarborough, Cortese, & Scarborough, 1977),
word-fragment completion (Roediger & Blaxton, 1987, Tulving ¢t al., 1982),
wonl-meaning comparison (Waoltz, 1988, 19904, 1990b), and text processing
{ rs, 1976, Masson, 19865 In gencral, the findings from these and other
studies are consistent w suggesting that performance facilitation from repeating a
single processing event is long-lasting, quite specific 1o surface features of the
priming event, and not dependent on recall or recognition of the priming cvent,

Most repetition-priming research has focused on understanding the nature of
facilitation from single repetitions of processing events (¢l Salasoo, Shiffrin, &
Feustel, 1985). We postulate, however, that the memory processes responsible
for facilitation from a single priming cvent may be those involved in more com-
plex forms of learning that depend on repetitive practice (for a similar view, see
Logan, 1990). One way to test the existence of this relationship is with respect to
individual differences. If common memory processes are involved in repetition
primving and complex loarning from repetitive practice, then individuals who
demonstrate larger repetition-priming cffects should be more effective learners,
la this article, we report two studies that investigated this hypothesized relation-
ship between individual differences in repetition effects from single priming
events and differences in learning from multiple practice opportunities. First, we
will roview previous research findings that suggest the possible link between
repetition priming and learning.

Past Research and Theory Linking Repetition Priming
and Skill Acquisition

There appear 1o be obvious similarities between the characteristics of repetition
priming and procedural skill scquisition. Both represent performance facilitation
from practice, although in one case there is only one practice event. Both repeti-
tion priming and provedural skill tend to be relatively long-lusting and resistant to
interference compared © most memory phenomena that involve recollection of
declarative knowledge {e.g., Hill, 1957; Kolers, 1976; Sloman, Hayman, Ohta,
Law, & Tulving, 1988). Both tend 1 be highly specific. That s, dramatic dem-
onstrations of either skill acquisition or repetition priming are cxhibited only
when Jearning and performance conditions are highly consistem (e.g., Acker
man, 1988 Jucoby & Hayman, 1987, Singley & Anderson, 1989; Woltz, 1990a).
Firally, performance that demonstrates either repetition priming or procedural
skifl 1};/;’3%{‘&%}3; does not depend on effortful or controlled memory processing
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(e.2., Schneider & Shiffrin, 1977 Shiffrin & Schineider, 1977; Tulving et al.,
1982).

In addition to these shared characteristics, two sources of emipirical evidenee
dircetly link repetition priming to procedural skill acquisition, The first body of
evidence comes {rom studics comparing amnesic paticuty and normal adults on
learning and memory performance (see Shimamurs, 1986, for a review). Despite
severe deficits in traditional memory mcasures such as recall and recopnition for
new learning, many anterograde. amnesic paticnts do not differ from normals in
() skl learning and retention (e.g., mirror tracing and pursuit rotor tasks), and
{b) repetition priming (e.g., primed word-stem completion and primed frag-
mented pictares). Squire (1986, 1987) interpreted this as evidence for indepen-
dent declurative and procedural memory sysiems that can be differentially
affected by neurologicul impairment. OFf interest here is the fact that repetition
priming is ussociated with procedural learning and memory,

The second source of evidence comes from research on individual diffe
in skill acquisition among nommal wdults. Wolte (T9R8) Tound that dilferences
vbserved in repetition priming predicted differences in skill learning. Further-
more, the pattern of relutionship between repetition priming and skill perfor
mance after varying amounts of skill practice was independent of the pattern of
relationships for other cognitive measures such s warking-memory capacity and
semantic knowledge. This evidence suggests

Fepces

1ot repetition-priming processes
may play a role during skill acquisition that is unigue vis-i-vis other memory
processes,

Past Research Linking Repetition Priming
and Declarative Knowledge Acquisition

Although there is considerable evidence tinking repetition priming (o the BEGINT-
tion of procedural skill, there is compurtively Hule w link repetition priming to
the acyuisition of declarative knowledge (fe., memory for lacty, concepts, and
cvents that can be explicitly described by the learner). Most of the evidence
comes from research on amnesic patients, and the results are somewhal mixed.

Sonwe of the evidence from amnesia studies suggests the simple ploture thar
procedural learning functions {including repetition primang) are preserved, but
declarative learning functions are lost in cases of anterograde amnesia, That is,
new learning is only exhibited with respect to procedural skills (and priming), but
not with respect 1o facts and events (Cohen & Squire, 1980 Squire, 1986, 1987,

Other evidence, however, indicates that the meture iy omore complex with
respect to declurative learning and the types of memory underlying i For examn-
ple, amnesic patients have been shown to learn patred associates when word
pairs are semantically related, although their performance is typically worse than
that of normal subjects (c.g., Winocur & Weiskrantz, 1976). Furthermore, Shim-
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amura and Squire (1984) showed associative Jearning among amnesics to be
equivalent to normal subjects under incidental learning and implicit test proce-
durgs. Thus, these studies sugyest that despite severe episodic momory impair-
ment, wnnesie patienis may retais some declarative learning capability involving
SCWTNGC memoty.

The possibility of preserved dectarative learning in smnesics has been sug-
gested most clearly o saries of studies by Glisky and colleagues (Glisky &
Schacter, 1987, 1988, 1989, Glisky, Schacter, & Tulving, 1986). They found that
patients with severe amnesia could learn new declarative and procedural knowl-
cdge under the right training conditions, even 1o the extent that new job skills
could be taught for successful employment, Yet, as a function of their amnesia,
some of these paticnts could not even remember that numerous training sessions
busd occwrred (Glisky et al, 1986) Two points regarding the Glisky work are of
inportance hore. Fiest, the leaming exhibited by the amnesic patients was not
sinply procedural. Learning mcluded new terminology with associated mean-
ings, conoepts about the procedures learned, as well as the procedures them-
selves. Second, the learning ocourred as o result of repetitive computerized
tratnunyg that provided Mvanishing cues.” That is, the tralning was designed to
capitalize on preserved repotition-priming effects typically found in amnesic
patienis.

In sum, the evidence Trom amnesic pationts suggests that repetition prinving
may b orelated 1o some Torms of declangtive as well as procedural learning,
Amnesics who show preserved repetition pritaing also appear capable of learning
new semantic materiel under the right cireumstances, particularly those that ap-
pear to capitalize on repetition priniing.

Overview of Current Stodies

W report two studies that investigated the possible relationship between repeti-
ton priming and declarative knowledge acquisition in normal adults. Our ap-
proach was to investigate whether individual differences in repetition priming
predicted differences i declarative knowledge acquisition under fearning condi-
{

wias that involved repetitive practive. Both studies measured repetition priming
UsIng @ semantic comparison task (see Woltz, 1983, 19904, 1990b). In this task,
priming 1s assessed by ltency savings on repeated trials that require decisions
about whether two words have the same or different nicanings {¢.g., moist
damnp), Declarative knowledge acquisition was assessed in different ways in the
two experiments. The Urst study assessed knowledge acquisition with o task that
provided repetitive practics on fixed sets of paired associates, The second experi-
ment assessed declarative learning during repetitive practice in a sentence-
venfication task that taught computer programming concepts,

in both exporimoents, measures of other cognitive abilities were also adminis-
tered. The purpose of these additionad measures was {2) to investigate the mag-
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nitude of correlation between repetition priming and working-memory efficiency,
semantic knowledge, and semantic processing speed; and (b) o look at whether
repetition priming has any unigue explunatory power over and shove these cogni-
tive measures in predicting declarative knowledpe acyuisition,

EXPERIMENT 1

In this experiment, we investigated individual differences in repetition-priming
effects at lag intervals ranging from a fow seconds (0 90 min, We addressed the
question of whether individual differences in repetition priming were related
to differences in a learning task in which subjects learned new associations
{consonant-vowel-consonant, or CVC-word pairs) from extensive praclice in ver
ifying correct associations.

Method

Subjects

Subjects were 342 Alr Force recruits in their 1 1th day of basic training at Lack-
land Air Force Base, TX. Approximately 16% of these subjects were climinmted
because performunce scores indicated lack of effort (i.e., chance error rates on
simple tusks, unrealistically low average resposne lalency on more complex
tasks, or Tadlure 1o complote wl tasks). Another 4% ol the subjects wore el
nated because English was not their primary language. Of the remaining 274
subjects, 210 were male and 64 were female. All subjects were high school
graduates and approximately 20% had at least some college work. The age of Al
Force recruits runges from 17 to 27,

5.

Apparatus

All experimental tasks were administered on Zenith 7.248 microcomputers with
standard keyboards and EGA color video monitors, Materials were presented on
the monitors in 24 % 80 character lext mode, Software was written to achieve
millisecond timing on response-latency recording.

Procedure
Subjects were tested in groups of 25 to 35, with each subject at an individual
testing carrel. Subjects were first given a briel oricntation to the experimental
session and practice locating keys on the computer keyboard. Then subjects per-
formed four tasks. All wsk instructions were computer administered, and prow-
tors were avallable to answer questions. Total time of cuch session was
approximately 3.5 hr.

Subjects completed a choice reaction tme tusk first, Subjects then performed
a set sequence of five semantic comparison blocks separated by intervening
blocks of an associative learning task. Subjects also performed 2 working-
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memory test. Approximately half the sample (1 = 129) were randomly assigned
to tuke the working-memory test as the second task, and the remaining subjects
(= 1435) took the working-memory test as the last task, Otherwise, the se-
quence was wdentical for all subjects. A 2-min rest period followed each associa-
tve Jearning set.

Cognitive Tasks

Chaice Reaction Time. Toials presented o string of four asterisks cither 1o the
leftor right of the center of the computer display. Subjects pressed the b key with
the left hand if the symbols were on the tefl and the © key with the right hand if
the symbols wore on the right. Latency feedback was provided afrer correct re-
sponses for 1 s The word wronG and o low tone was presented for 2 s after
incorrect responses. lntertrial tme following feedback was 1. Two blocks of 32
trials were presented after 10 inktial practive trials. After cuch block, number
currect and average response times were displayed.,

Repeated Semantic Comparison. Each trial consisted of two words presented
in the center of the computer display, one on top of the other separated by ap-
proshmately | oo Each wial was preceded by an atiention cue {one asterisk)
presented foe 1,000 ms followed by a blank screen Tor 300 ms. The two words
were then presented and remained on the sereen until the subject responded by
pressing either an L key (for like) or a p key (for different), depending on whcﬂ?cr
the subject Judged the words to be synonyms or unrelated, Subjects were in-
structed to respond as guickly us possible withoat sacrificing aceuracy.

Response tvedhack was designed o encourage both response speed and accu-
ey Anndividual's trial response lutency was presented lor 1,000 ms following
correet reaponses. The word wrona, o low tone, und the message, BE MOKE
eanpr, followed crroe for 4,000 ms. A blank sercen followed all feedback
frames Tor 500 ms. After cach set of 72 trials, subjects were presented summary
feedback of percent correct and median latency, and they were reminded to re-
spotud as quickly as possible without making errors,

Subjects performed an initial block of 288 semantic comparison trials (an
additional 20 warm-up trials preceded the 288 but were not considered part of the
experimental design). One third of Block | trials were repeated at refatively short
lags. Three orthogonal factors defined the repetitions within Block 13 (a) Posi-
tives versus Negative Match on {irst exposure trials {£.g., MOIST DAMP V§. MOIST
sLUER (b)) Swne versus Different Match on sceond exposure relative to first
exposure (e, MOIST BLUE repeated as MOIST BLUE vs.MOIST bamr) and (¢)
Repetiion Lag of second exposure after fiest exposure (where second exposure
was 1, 2, or 8 arials later). A complete representation of the repeated trial design
was achieved within every sct of 36 triuls,

i

Repetition lags n Block U were accomplished 1 the following manner. The
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288 trials were presented as four sets of 72 trials, Each set of 72 trials contained
eight 9-trial sequences. The Ist trial in cach 9-trial sequence was a Log B first
exposure. The next 7 trials represented the first and second exposures of Lags |
and 2 in a randomly determined order for cach 9-trial sequence of cach sublect. A
nonrepeated filler trial always intervened between the first and secand CXPOsUe
of Lag 2 trials, and 2 additional filler trials were randomly assigned {for each
sequence of each subject) to potential filler slots before, between, or after Lag |
and 2 trials. The 9th trial of esch 9.trial sequence was always a Lag 8 second
exposure,

Blocks 2 to S differed in structure from Block 1. Bacl of these blocks began
with 10 warme-up trials followed by 72 trials that were equally divided among
three levels of previous exposure. One third of the nonpractice trials in cach
block had not been presented previousty (first exposures); ong third had been
presented once in Block 1 as fillers (second caposures); and one third had been
presented twice in Block 1 as repetitions (third exposures). Firstexposure trials
were balanced for positive and negative match within each block Second- and
third-cxposure trials were always exact repetitions of Block 1 trials, and were
batanced within block for match type and order of Block { presentation. That is,
cach of Blocks 2 to 5 contained (1) six fillers (three positive and three negative)
from each quarter of Block 1, and (b} six repeated trials (one positive and one
negative of each repetition lag) from cach quarter of Block |. Third-exposure
trials always presented an exact repetition of the first-exposure trial from Block
I, even if the second-exposure trial in Block | was con ericd 1o the opposite
match type (.o, if MOIST = pamp? wis repeated as MOET = pLus? in Block I,
the third exposure would always be MOIST = pamp?),

There were 288 stimulus sets (word triplets) used Tor the se

mantc comparison
trials. Each stimulus set consisted of o stem word, o synonym of the stem, and a
word semantically unrelated to the stem (C.g., MOIT, Dame, 8LUE). Stimulus
sets were randomly assigned to design cell and triad block for oa
were an additional 60 stimulus sets of word triplets randomly
subject to warm-up trial conditions.

ch subject. There
assigned for each

CVC-Word Look-Up. Subjects learned six usigque CVC-word pairs in cach of
four leaming wrial sets. Each trial within a given sct presented: (a) the six CVC-
word pairs across the top of the computer display (CVCs were directly above the
associated words across the top two rows of the 24 X 80 char
and (b} a probe at the bottom of the display {e.g., cur = com?). Although the
CVC-word pairing remained constant within a set for each subject, the order of
the pairs at the top of the display was randomized for each trial. Subjects re-
sponded by pressing the L key (for like) or the o key (for different) depending on
whether the probe at the bottom matched any pair at the top of the display. Four
fixed sets of six CVC-word associations were used as stimuli, The assignment of
stimulus set to trial sct was random f{or cach sufsieer,

cter display space);
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Bubjects were instructed o respond as quickly as possible without making
errors, On the inttial wials in cach set, subjects had to search visually for the
cogrort responses o the probes, The random ordering of CVCword pairs at the
top of the display was implemented to maximize the thme required for this search
process, With practice however, subjects could prosumably learn the associations
and thereby eliminate the need for time-consuming visual searches. Subjects
were explicitly wold that learning to recall the associations tather than look up for
them would greatly improve their performance. However, subjects were nover
attowed extended time to memorize the associations. Response time was limited
o 5y per wial, afier which the display was erased and the message, 100 MUCH
i, was presented for 3 ¢ before the next inal. The task was intended to ropre-
sent the acgueisition of associations through briel repetitive practice episodes that
did not allow for elaborative encoding of the associations,

Within cuch of the four sots, trials were presented in 16 blocks of 24 items,
Each block consisted of four replivations of cach stimulus set presented twice s
positive and twice 8s segative trinls. Bach negative trial probe consisted of a
CVE and a randomly selected word from the set of five incorrect alternatives
within the stimulus set, Trial order was rundomized for each subject with the
costraint that adjacent trials could not contain common CVCs or words. A prac-
i set wag provided prior to the Tour learing sets. The practice set was identical
in structure W the valid sets except there were only 6 blocks of 24 trials.

Mo feedback was given after a tial unless the response was ncorrect, Tncor-
rect responses were followed Tor 3 5 by w low tone and the message, 88 MORE
carirul. Percent correct and avarage latency were displayed at the end of each
trial block for 5 5. Before the beginning of cach block, subjects were reminded to
respond a3 fast as possible withowt makiog errors and to try to learn the word
pairs so they would sot have to look up.

ABC Assignment, This task was used previously as a measure of working-
mgmory capacity {Christal, 1983; Kyllonen & Christal, 1990). Each of 15 trials
copsisted of three study and three response frames. The three study frames were
presemied first and contained the letters A, 8, or ¢ and an arithmetic expression
assigned 1o each {e.p,. © = B4 a = 23 = B X 2) As in the example, some
expressions (€ = 874} could not be solved untl] later frames were presented.
Subjects could view euch study frame for as long as needed but they could not
return (o previous franes. Following the study frames., the three response frames
probed tor the suswers o cach leter (e.g., A = 2 o= 7oa = 7), Subjects entered
their answers using the number keys at the top row of the keyboard,

Results

Seauantic Comparison Repetition Effects
Beror rates were generally low over all semantic comparison trig! conditions, 8
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sponse latency across the 56 trial conditions (r = .32) and across individuals (F =
A3y Thus, faster latency was associated with fewer errors,

The wnaiyses of mean repetition effects Tor both scowracy and luency are
reported clsewhere (Woltz & Shute, 1993). Short ropetition lags (0-7 intervening
trials) produced mean latency savings of 200 to 300 ms. Lags of 30 10 90 min
produced comparatively smaller priming effects, but they were still gencrally
greater thun 100 ms.

For the analysis of individual differences, latency facilitation in repeated irials
wiis expressed by Jeast squares regression residuals rather than difference scoses.
Second-exposure latency was regressed on first-cxposure latency within trial type
and repetition lag. A negative residund reflected someone {aster on second-
exposure trinls than predicted by their first exposure teial latency, whereas a
positive residual reflected someone slower on second-exposure trials than e
dicted by their first-cxposure latency.

Internud consistency reliability was ostimated by correlating residual scores
computed separately for odd and even trials and adjusting for test kength with the
Spearman-Brown formula. Immediate priming effects (Lags 1, 2, and 8 repeti-
tions from Block | conibined) had an estimated internal consistency reliability of
Foe = 75 and porsistont priming offects (Block 2-5 repetitions combined) bad
an estimated internal consistency reliability of r. = 80, These estimates sug-
gest that measurable individual differences exist in repetition at 1 wide range of
delay intervals. !

Correlations among immediate and persistent priming scores and the working-
memory and choice reaction tine tasks are presented in Table 1. Despite moder-
ately high internal consistency reliability estimates, immediate priming had only
modest correlations with persistent priming (r = 46), This suggested that level
of immediate facilitation and decay of that facilitation may represent partially
independent processes (see Woltz, 1990b, for further evidence of this indepen-
dence). Note, also, that correlations of repetition priming with working memory
and choice reaction time were gonerally fow,

Relation of Repetition Priming to Learning

Subjects showed evidence of systematic and consistent learning across the four
learning-trial sets. Figure | shows latency means by set and trial block for the
learning tusk. Note that Set | mean lateney was consistently longer than that for
Sets 2 to 4, This difference probably represents task fumiliarization unigue 10 Set
L. In all sets, mean response latency was less than half of the initial mean latency
within the first 8 trial blocks. In contrast, mean latoney reduction was minima! in
the last 8 trial blocks. These data suggest that the majority of associative learning
and corresponding reduced need to search visually for correct associstes af the
top of the display occurred in the tnitlal tria! blocks.

The number of tials used 1o comy medinte primiog wos ome thisd the used 1o compuie
pursistont priming. The § fate priming measwre would be expecied o have higher reliabifity thas
the perddsteat priming meswsire i they were o o Teagths,
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TABLE 1
Intevesrrelations und Internal Consistency Reliability Extimates
for tmmediate and Peeskstent Priming, Working Memory,
wnd Cheice Reaction Time Measures

H 2 3 4

1. bramediate Priming {15)

(<30 5)
2. Persistont Priming 4D .80y

{3090 min}
3 BC Assignment A9 A8 .82

{Frrars)
4. CUhotce Reactivm T Ny Ny RiL} 192y

Note. N @ 274, Dingonal values (n porestheses) represent split-half re-
hability estimates. Correlations of r & 14 are significantly different from 2ero
wtop =0 O

Mean crror pate was 5,615 (5D == 3.30) over all sets and trial blocks. Internal
consistency (split-half) reliability for trial-block latency ranged from r,,. = 88
o r,. = .97, with a trend of increasing internal consistency over trial blocks.

Figure 2 shows the pattern of correlations for repetition priming, working
memory, and choice reaction time with learning-task latency by trial block for
Sets 1o 4 combined. Correlations for immediate and fong-term priming did not
differ, so these variables were combined in a composite. Correlations were trans-
formed to Fisher z scores for plotting and trend analysis.

As scen in Figure 2, repetition priming had a different pattern of correlation
with the learning task thun either working memory or choice reaction time. Repe-
tition priming had its highest correlations (r = .37) with early trial-block latency.
These correlations declined slightly over trials, but remained relatively high
throughout the task. The negative liner trend over blocks of z-transformed cor
relations was significant, 82 = 30, F(1, 14) = 6.03, p < .05, In contrast, the
working-memory test had a low correlation with the eariest trials (r = A0y This
correlation gradually increased through the first half of the trials (lor = 28y and
remained constant o decreased slightly thereafter. The lincar and quadratic
trends over trial blocks of s-transformed working-memory correlations were sig-
nificant, B2 = R0, F{2, 13) = 25.79, p < 001, Finally, correlations of choice
reaction-time latency with learning-task latency were comparatively low through-

out {r = 12 tor = 200, However, the positive trend over learning-trial blocks
seen in Figure 2 was significant, R? = 32, F(1, 14) = 6.67, p < .05.

Multiple regression analyses were abso performed to test whether the tee
cognitive measures in this study made unigue or overlupping contributions in
predicting learning-task performance. The 16 learning-task median response la-
tency variables were collapsed into four variables representing four blocks of
performance each. These variables were each regressed on repetition priming,
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Figure 1. Exporiment 1 mean hteney by tiad block Tor Sois 1w 4 of the sssociative learning task.

working memory, and choice reaction thne, Repetition priming and working
memory made unique contributions in each of the four quanters of task perfor
munce {(p < .05). Choice reaction time made a unique contribution in only the
last quarter {p <C .03}, Thus, repetition priming made unique contributions o
working memory and choice reaction time in explaining performance at al
phases of learning in this task,

Discussion

The distinctive patierns of correlation across kearning blocks for repetition prim-
ing in contrast to working memory and choice reaction time suggested the -
volvement of different cognitive processes at different stages of the loaraing.
Despite increasing reliability ol learning performance across trial blocks, the
repetition priming had slightly declining corelations across blocks. Thix was in
contrast o both working-memory and chowe resction e measures, which had
nereasing correlations seross learning blocks,

These correlations suggested o unique involvement of repetition priming in
the formation of new associations from repeated practice in verilying instances.
Mean data in Figure | suggestied that most subjects” responses reflected rocall
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ruther than visual scarch only after the first 6 1o 8 triad blocks. The repetition.
wriming variable had its highest correlations with the first 8 blocks during which
ive learning presumably took place. In contrast, working MEmory
did not correlute substantially with this task until about the 6th block. In other
ubjects with grester repstition priming showesd botter associative learn-
ing performance from the beginning, where cach exposure presumably resulted
in some build-up of assoctative strength, Subjects with greater working-memory
apacity did not show substantially better performunce until associations presum-
ably had been well formed, and performance depended on efficient retrieval and
COMNPATIeN Py ‘

The fact that working memory did not initially predict associative learning
performance was contrary to other findings of working memory's role in carly
stages of learning. Initial stagex of declarwtive learning are thought to place
heavy demands on working memory (Anderson, 1983, 1987; Kyllonen & Woltz,
198%, Woltz, 1988) and general problem-solviag processes (Ackerman, 1988,
1990). The contrary pattern of correlations with working memory found here is
bably due 1o the unique mature of this learning task, The learning sk was
signed o minimize effortful, cluborative processing of pew declarstive knowh

N
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edge, and instead, to maximize learning from repetition of refatively simple pro-
cessing. During the initial learning trials, subjects were forced 1o do 1 hing
more than search the display for the appropriate information und respondd scvord.
ingly. Such visual searching should pot place heavy demands on w King memo-
ry in the way other learning tasks do when large amounts of now declarative
knowledge must be maintained in temporary storage.

Despite the relatively low corrclations of choice reaction time 1o lenrning
performance, the pattern of increasing magnitude was important. First, the pad-
tern was consistent with theory and data reported by Ackerman (1988, 1990).
Ackerman as well as Fleishman (1972) argocd that after suflicient practice, most
tasks” performunce depends more on perceptual und motor Lomponents, and cor
relations with psychomotor tsks should increase. Second, the increusing cor
relations of choice reaction time with learning performance eliminated an
alternative interpretation for the repetition-priming correlatios pattern, That @,
the decreasing correlations of repetition priming (a latency-based measure) with
leurning-task lotency could have reflected the faor that processing-spoeed differ
ences are most important carly in the task when subjects must visually search and
respond. Because choice reaction time showed the opposite pattern, this intor
pretation scems mplausible,

In sum, these duta demonstrate the existence of systematic individua! diffes
ences in repetition-priming effects. Differences were reliable across different
item sets of the semantic comparison task and they prodicted differences in asso-
clative learning in a task that emphasized repetitive pragtice.

EXPERIMENT 2

In this experiment we addressed the same questions as Experiment 1 with several
additions. First, we measured repetition-priming effects with greater fag s
vals, ranging up to 8 days. In Experiment [, correlations between priming at
short and long (30-90 min) fag intervals had only modest correlations, This
suggested that immediate and persistent priniing effects may rellect somewhat
different processes, or that differences in priming docay may be partially inde
pendent of differences in initial fucilitation, In Experiment 2, we explornd this
question by comparing correlations of immediate und 8-day repetition effects
with & vartety of cognitive measures,

A second difference from Experiment 1 was that we inchaded ;
of cognitive measures for correlation with repetition-priming ef
tive learning measures. We meusured three categorics of sking abilitics that

wories of pro
presumably reflect different aspects of declorutive memory performance. We ad-
wney, (b) scman-

ministerad several measures each of (1) working-memory effic

tic processing speed, and (¢) semantic knowledge.
The final new feature of Experiment 2 was the ingl

task for correlation with the repetition-priming effe

usion of 4 differcat lenrning
Fhe learning sk in Bx-
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periiment 1 was designed to stimulate learning through repetitive practice with
minimal use of effortful and claborative learning processes. We investigated cor-

¢
§

rofations with this learning task first because we thought differcnces in repetition

addressed in Exporiment 2, however, was whether differences in repetition prim-
jng alww predicted differences in learning in a more traditional learning puradigm
and with more meaningful learning muaterials, In this experiment, subjects
fearned 10 concepts {rom the domains of mathematics and computer program-
ming. Subjects verificd complea statements about the concepts until they could
du w0 without error, Unlike the learning task in Experiment §, this task empha-
sized accuracy rather thun speed, and there were no study-time restrictions, Con-
sequently, this task was thought to represent complex fearning that relied more
eavily on effortful memory processes boter. However, as in Experiment 1, the
fearning task presumably involved semantic knowledge that was sequired over
multiple, rather thun single, learning episodes,

Method

Subjects

The subjects in this study consisted of 250 male and fomale students participating
in an B-day study on acquisition of Pascal programming skills from a Pascal
intelligent tutoring system (IT8; see Shute, 1991). Subjects were recruited amd
selected from San Antonio, TX colleges and technical schools to match demo-
graphic and goneral ability charactenistics of the Air Foree enlisted population,
Twenty-five pervent of the total sample was climinated from analyses presented
sere because they did not complete all experimental tasks. Approximately 13%
ol the remaining subjects were chiminated because performunce scores indicated
fack of effort (el chance crror rates or unrealistically long average response
fatenciesy. OF the remuaining 163 subleets, 134 were male and 29 were female. All
subjects were high school graduates with a mean age of 22.4 (8D = 3.23). All
subjects were puid Tor their participation in 40 hours of westing and instruction,

Apparaius

The cognitive ability tusks were administered on Zenith 248 mdcrocomputers
with standurd keyboards aud BOGA color video monitors. Materials were pre-
yented on the monitors in 24 % B0 characior text mode. Software was written {o
achicve millisecond Uming on wsponse-lateney recording,

The learning task was administered on Xerox 1186 antificial ielligence
workstations with standard keyboards and high-resolution (1024 x 80) mono-
chromatic displays on 19-in. (48.26-cm) monitors. Software was written in
Interfisp-D and LOOPS.
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Procedure

Subjects participated in the study in groups of 15 to 25, On the morning of Day
L, subjects were given a brief orientation to the entire study, They then took 6
hours of computer-administered cognitive ability tasks, with short breaks be-
tween tusks and a 1-hour break at noon. Block | of the semantic comparison task
from Experiment | was administered at this time. Different subjects received
different orders of the cognitive tasks, but the semantic t:?(iimg:&;ﬁﬂ:m{m task was
adminisiered within the first 3 hours of the morning session for all subjecis.

Day 2 for cach subject began with orientation to the Al workstations, Mext,
subjects performed the Programming Concepts feaming task. Following this
§ubjecm received 4 days of Instruction in Pasca) programimning {rom an mf iﬁ%mz;
from the ITS training are reported elsewhere (Shute, 19913,

On the morning of the 7Tth weekday of each subject’'s panticipation, those who
had completed the Pascal tutor were administered alternate forms of the
computer-administered cognitive ability tasks. Blocks 2 10 § of the semantic
comparison task from Experiment | were administered within this battery.
Again, different subjects received different orders of the tasks, but all w%&im%r&
received the semantic comparison blocks within the first 3 hours. Because the
a&r:‘xfzxitia comparison task was administered on the 15t and Tth day of a subject’s
Wmcipmiom and a weekend interrupted every subject's 7 days, 8 days always
intervened between first and second administrations of the m;wamﬁ semantic
comparison task.

Cognitive Tasks

A total of 25 computer-administered cognitive ability measures and 10 papor-
and-pencil subtests of the Armed Services Vocutional Aptitude Battery (ASVAR)
were administered to the subjects in this study. We used daty Trom anly 11 xs%
these tasks in our analyses. First, we wore primarily interested in three ability
constructs in relation to repetition priming and declarative knowledge ;‘ﬁrzémz«sii
tion: semantic knowledge, working-memory efficiency, and semuntic f&f‘x}cmwimg
speed. Some of the cognitive measures and ASVAB subtests represented mifu;r
ability or knowledge constructs. Sccond, to preserve the maximum sample X
we climinated measures that had substantial numbers of missing cases on H‘?{%
second administration (Day 8). This left us with four measures of senuntic
knowledge (KMNOY, four measures of working-memory efficiency (WM, and
three measures of semantic processing speed (P8). All but two of the cognitive
ability meusures were administered in separate forms (A and B3 on iﬁzwvﬁ andd
Day 8. Two of the semantic knowledpe measures were taken from the ,r{wma»
which was only administered once on Day 2.

Reading Sgan (KNO and WM). This task was patterned after the working-
memory paradigm developed by Daneman and Carpenter {1980). Subjects wers
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presented a st of general keowledge statements o which they immediately re-
sponded TRUD 07 PALSE (C 2., A BAROMETER 1S AN (NSTRUMENT USED TO RECORD
PARVIQUAKE vIBRATIONS . Hall of the items were troe and ball were {alse.
Adter rending wind responding 1o a st of senteneey {2-6), they were asked to
revad! the fast word o cuch sentence (oog., visranions, from the precedimg ox-
e ) To respond, subpects typad e the Biest two fetters of cach word i the
correet order ol appearsnee. There were 31 trndy b cach Torm. Acouracy from
the sentence-verificalion probes was used as a semantic knowledge measure, and
word-recall accuracy was used as a measure of working memory.

Generad Knowledge Survey (KNO), Each form of thiy task consisted of 50
foctnd questions for froe recall (o8, WHAT 18 THE PROCESS BY WILICH PLANTS
MAKE EMERGY FROM SUsLIGHT?: Subjects responded by typing the first two
lerters of the amswer {e.g., et for photosynthesis). Questions were obtained from
the MNelson und Narens (1980) general knowledge guestionnaire. Performance
accuracy wis wsed wn o measure of semantic knowledge.

ASVAR General Scicnce (KNG, This test contwned 25 multiple cholee ques-
tons on facts from the physical and biclogical sciences (Department of Defense,
1984), There was an Hlomin time Hmit, Porformance accuracy was used as a
measure of semanie knowledge,

ASVAR Word Knowledge (KNG}, This was w 35-itemn multiple choice vocabu-
est {Department of Defense, 1984), There was an 1 -min time limit, Perfor-
accuracy was used as o measure of semantic knowledge.

LA

ABCE Order (WML This tsk had been previously used as a measure of
wesking-memory efticiency (Christal, 1985 Kyllonen & Christal, 1990). Buch
trrad of this task consisted of three sequential statements describing the correct
ordering of the fetters s, 8, ¢, and . For example, the three study frames of a
trial might be: € FOLLOWS D, B DOES NOT PRECEDE A, AND SET | IS FOLLOWED BY
EET . i refers to acand B, and 387 2 refers to ¢ and p). Subjects were allowed
1o study cuch Trame for as long as needed, but they could not return W previous
frames. After the three study frames, an eight-alemative multiple choice re-
sponse {rame appeured. Subjects pressed a number key corresponding to their
answer {aBRC would be the correct answer to the example). There were 15 trials
o each form. Performance accuracy was used as a measure of working-memory

eificiency.

ABC Assigrment (WM}, This task wus the same as described in Experiment
1. There were 15 trinls per form. Performance accuracy was used as 4 measure 0f
wuarking-memory cfficieney.
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| Mental Math (WM), Subjects perfonming this rask |
tion or division problem mentally (¢
on e serc

uid to caleulute o vublrac-
 pre B 207 9,59 — 37). A problem appeared
‘ nfor 20w, preceded by u swarning asterisk, then disappearcd. When
wi};s:i;:is% wert ready o answer the question, they had 4 s 10 choose 2)933(3;’}’ ﬁ;g
slternatives. There wore 20 Hlems on el forsn of this st §*w%’m‘z‘manm%ﬁ:;ah:
work g - micmory elicieney, h

Facy wan asaed as aomeasure of

Semantic Relation (PS5}, Subjects §

ﬂ wd 1o determine whether or not stnple
BORICNCES were true o fa

entences wes : Ise (e g, THEFT 18 A CRIME). They pressed the b {dif
cat) key for false items and the ¢ (fike) key for true ftems, 7
on each form of this test. Median latency Tor all
semantic processing speed.

here were 72 ems
rials way used a3 0 measure of

Number Comparison {(I’S). Subjects were presented with two single-diyit
mimmcm on separate sides of the computer sereen. They were 1o s;iatts;%rﬁ&i‘:; wh :Ni
of the two numbers was larger, If the one on the riglt i«;iﬁ{z wis | N o,
L {on the right side of the keyboard): if the one on the le
larger, they chose b (on the left side o

arger, they chose
fUside of the ser
4 / [ ihe kevboard) as the correct e
Each set of numbers was preceded by a warmning asterisk and 2 1.5 del
were 36 items on each form of this 1est, Median | is w
@ measure of semantic processing speed.

en Wis
ponse,
/ #y. There
atency for all iials was used g

Number Fact Retrieval (PS). Four scls of simple arithmietic problems were
m}mnwd in this task. Each set contsined only one type of moblem {s‘ @ | ad«%:
ton, subtraction, multiplication or division), Each g}r%%ism {og, 9 x 1 ~» 276
7= 1) was preceded by a warning asterisk, Subjects had Ma . sick.
Iy whether or not the problem was correct (1) or
items on cach form of this test Median mimw
sure of semuntic provessing speed. )

+

fetermine quick-
meorrect {0}, There were 30
tor adb trialy was used as 2 meg.

’ ;mi*mam:c Comparison. This was identical to the re
n ia;pi:z“aemraz I. Block 1 was administered on Day 1
administered contiguously on Day 8.

tition priming task used
and Blocks 2 10§ were

Programming Concepts Instruction. This task provided
ff:pis of computer programming as well oy some busic ma
The 10 concepts were integer, read nomber, siring, duia, sum, product, constant
variable, expression, and value asxignment. This tusk me%m z §“ﬂ‘:;§;,§{hm %f{i‘“:
iargczj study of leaming Pascal programming from an ITS (see fih“mék H}*‘i};;
i"hrmr o administrution of the Programming Concs b 15 were
administered 3 paper-and-pencil pretest to measure
edge. Twelve questions corresponding 1o cach of the

wmstruction for con-
hematics concepts,

s task, all subjects were
related, incoming knowl-
10 concepts yielded a total
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of 120 items. These items included sxamples and definitions, and half were true
and half were false. For instance, they hiad 1o indicate whether a variety of exam-
ples and statements about the concept el number were true or false (e.g.,
0.32145; —456.0; thirty-seven; 999-58-7054; 1/0; A real munber can have only
onc number after the decimal polit; A real awmber can be positive or negative).
; Subjects then received the Programming Concepts learning task starting with
 an initial definition of cach concept, for example, :

STRING: A word or phuase that starts and ends with slagle quotes. A string can also
consist of numbers, symbols, or different combinations of these things. As long as
they are inside of single guotes, the corpuler will treat them lierally (i.c., without
trying to evaluate them).

Afiter a definition, sublects reccived sight questions relevant ta the concept. For
example, subjects would be asked if the following was a string * . . . Is this a
string??2." After responding yes or no with a mouse, subjects received feedback
that reiterated the definition. Alter all 10 concepts had been presented with cight
questions cach, the instruction cycled through the concepts again with new ues-
tions. There were 4 ol of 48 unigque questions for cach concept. No subject
required more than six sets of cight questions 1o leurn each concept to criterion.
Concepts dropped out valy afior two successive blocks of 100% accursicy on the
sight questions,

During instruction, subjects had the option to view sxamples of any concept.
If a subject elected to see examples, thiee positive and three negative examples
appeared on the screen. Positive examples of integer included — 1 and 44, where-
as negative examples included —0.1 and 888,888,

Riesulis

Semantic Comparison Repetition Effects
There were significant repetition effects at both immediate (< 30 s) and S-day
repetition lags. Repetition priming averaged 158 ms (5D = 83) across all il

conditions at lags of less than 30 5. Priming averaged 49 ms (SO = 64) across all.

trial conditions after @ lag of 8 days. The mean priming data and analyses of
different memory-decay models are reporied in more detail elsewhere (Woltz &
Shate, 1993).

_ As in Experiment 1, individuals' latency savings from repeated trials were
expressed as least squares regression residuals. Residuals representing tmmedi-
ate priming (Lags 1, 2, und ¥ in Block 1) bad a split-haif reliability estimate of
ro = .17 and residual representing persistent priming (Blocks 2-5 from Day §
combined) had & split-hall reliability estimate of r,,» = .75. These relatively high
internal consistency reliability estimates suggested that measurable individual
differences existed in priming cven after 8 days.
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bm?pim lhese Mcly high internal consistency reliability estimutes for
i immediate and persistent repetition priming, there was a low comelation
ctween the two measures (r = .14, p > ,05), This correlation estimate differed
significantly (z = 3.57, p < .01) from the same estimate computed in Experi-
ment | (r = ,46), where persistent priming was defined by lags of 30 1 90':1?»
rather than 8 days. This is consistent with the suggestion from Experiment | that

level of immediate facilitation and de
ity : gree of subsequent decay may ropresent

'lh.blc 2 contains mean performance data for the ledge
: know o worki
and processing-speed tasks. The micans are listed separately for the ::' :e:ury,

whmofmhw{mllmumasvhnmmmy : dminis-

once.) Also presented in Table 2 are corelations bet ' inistrati

e ween test administrations.
Mlhwz comm:om represent alternate forms” reliability estimates wilh' an :::y
&y (no correction for test length). As secn in Table 2, most of the cugnitive
mcasures were reasonably stable over both ftem sets and o [-week time intesval

The correlations among the 11 cognitive measures are shown in Table 3. The

Form A Vorm B
L "
ognitive Task M (80 M (1) Fan
Semantic Knowledye
Faet Vcdl'icnliun 32.9 (13.9) MR (.9 St
Knowledge Survey 320 (16.5) 38.3 (22.1) 7
General Scionce (ASVAR) 44.0 .6 A X :
Word Knowledge (ASVAR) 44.3 49 e - ::.
ADCD Order .
55.5 (25.7) 53,7 (29.4
. " 67
W Recall 32.9 (20.%5) 3.2 m.ll: 33
A Asswm 45.9 24.9) 55.7 (29.5) 67
.Menn.l 46,6 (24.8) 43.5 27.4) 65
Semantic Processing Speed
-Smwks?;hgu . 176§ (378) 1484 (436) 65
Number 415 R::{mwm S$16 32 st (126) ‘58
Numibier _ 1277 (363) 1039 {338 59

N: ole. N = 163, Semantic knowledge and working-memory variabl

3 i 2
mmwx%mmymlm;{ we percent-eImer scores;
Defense, 1984), e temal consistcacy reliability estimates {Depantment of
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TABLE 3
intercorretations of Semantic Knowledge, Working Memiory,
amd Semantic Processing Spoed Measures

i i 3 4 8 6 7 8 9 10 i

{0 oot Morifastnen

2. General Knowledge &9

3 woral Svicnce T 63 e

40 Word Kpowledye 1 6 4 —

S ABCD Osder 52 S0 5 44

. Meading Span 33 32 /29 35 e

TOOABC Assignaent 47 47 40 40 5T S8 e

%, donial Math 35 43 36 30 5 3 67 e

4. Semantic Relatwas 17 26 8 kY4 23 18 1709 e

13 Mumber Comparison Mo28 2w o 27 40 27 56
T Mumber Betrwval i3 28 23 19 17 0 3% 35 55 63 o

Note & = 163 The semantic knowlodye variables {14 and the working-memory variables
provent perdomunce errors The sesuntic processing-speed variables ropresent response
fencws. Correlutions of ¢ 23 19 are significontly different from 2ero ot p < 01,

pattern of these correlations generally supports the a-prion distinction between
kaowledge, working-memory, and processing-speed measures. A principal axis
factor unulysis of these variables produced o three-factor solution that accounted
for 62% of the varlunse, The three factors corresponded 1o the knowledge,
working-memeory, asd processing-specd constructs,

Correlations of Knowledge, Working Memory, and Processing Speed
With Repetition Priming
W cutimated correlations between the three cogpitive ability constructs and rep-
cution priming by {irst compuling (actor scores for all subjects with respect o
cach abilny comtruct. In creating these scores, separate principal components
sund yses were conducted on the vartables designed W represent cach construct,
The chilerent administrations of cach test {execept ASVADB tests) were treated as
separate variables. The fimst principal component of the six semuntic knowledge
wariables sccounted for 67% of their variance. The first principal component of
the eipht working-memory variables accounted for 52% of their vanance. Final-
by, the first principal component of the six semantic processing-speed vartables
accounted for 8% of their variance. The fuctor scores {rom these analyses were
then used in subseguent corrclations with repetition priming and learning
RIS

Tuble 4 presents the correlations of mmmuediate amd persistent repetition prini-
g with the semuntic knowledge, working memory, and semantic processing
speed measures. The pattern of correlations shown here sugpests that working
memory and semantic processing speed may be maore bighly related o immediae
priming, whercas semantic knowledge may be more roluted to the persistence of
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TABLE 4
Correlations of bmmediate and Peesistent Repetition Priming
With Semuntic Kawwledge, Working Memuory, and
Semantic Processing Speed Factors

Corvelution {r)

Immedinte Priming Persistent Priming

Factor ) (<230 83 8 days)
Semantic Knowledge b 2%
Working Mewory 25 ;.?
Semantic Processing Speed 37 ‘\39‘

Note. N = {63, Conrelations of
oo at po< 01,

AT were significanly difforent from

priming. The differences between immediate and
shown in Table 4 were not statistical)
consistent with results by Woltz (1990t
refated o knowledge, |

persistent priming correlations
v significant, however, this patiern was
b} showing that the decay of priming was
Ul nol working-memory, moeasures.

Relation of Repetition Effects and Other Cognitive Measures to
Learning Efficiency ‘ w
Prior knowledge of the 10 Programming concepls was measured by the paper
gnd»mmii pretest. Mean errors on the pretest were M = 32.0 (50 =1 ) Ii}emi
time to x:czmph:ta the learning task way used 1o represent learning ii%‘?’ii:imzﬁ:*;m yﬁ‘ze
I’z‘t&g:‘;x:arf‘a';xrlg Concepts tusk because of the drop-out ;“xm‘MM:‘Qmﬁ:‘m;‘}h?}w& Com-
p}c!sm‘;hmmt ranged from 22 to 158 min (M = ¥6.6. 50 = 4 1, and it x:‘%fa;w\‘év
approximated a normal distribution. o
Correlations between programming con
ming, semantic knowledge, working Menuny, ¢

s performance and repetition pri-
e md sermantiy pr
shown in Table 5. The progrivnmimg concepts variables sh
pretest errors, learning tme, and adjusted learning time,

was learning time adjusted for initial knowledge differences by removing protest
variance using linear regression. Pretest errors correluted » = 57 with | ‘F;%(”z‘zi*;§4;ﬁ
time, o

cessing speed are
ownin Table § include
Adjusted learning time

;&‘% seen in T » e 3 g den ey g o X yyyi !
A een i st@ s, persistent repetition priming had low correlations with
pma%ﬁh crrors, learning time, and adjusted fearning tme. In contrast, immediate
rﬂupchw; n priming had a low correlation with pretest errors, but moderate correly-
tans with learning time and adjusted learning time (r
N g N . N - ‘
tzmiy}. I.hm, immediate, but not persistent, prioying uppeared 10 be related 1o
tearning in the programuming concepty task.

N PN I S covpde s e N

S;ummmj Mf{&»%uig{,. waorking memory, and semuntic processing speed mea-
SUres hzhxd significant correlations with wll theee learning-task variubles. Pretest
seores for programming concepts were better predicied by semantic knowlodpe

Sand r= 32 seapoe-
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TABLE S
Coreelations of Learning Messvres From Programming bstruction
With Tmmedinte and Persistent Repetition Priming, Semantic Knowledge,
Werking Memory, and Semantic Processing Speed

Lewrning Moasure

Adjusted
Covariate Protest Errors Learning Time Learning Time
{mmediae Repaiition Prinving BE A8 32
Persistont Repetition Provisg A4 A 09
Semantic Knowloedge (B 54 81 25
Viking Memory {(Ertors) A6 54 34
Semantic Processing Spued 29 43 32

Fare N o= 163, Adjusted loarning time scores wore rosiduals Tron least squares regression of
feanting tine on pretest orrom, Corelations of © & 19 wers weliably different from zero at p < RN

(r = 54) undd working memaory (r = 46) than by semantic processing speed (1 =
293, Learning time and adjusted learning time were predicted equivalently by
semantic knowledge, working memory, and processing speed. However, adjust-
ing learning time for prior knowledye resulted in a substantial loss of predictive
power for all three of these variubles. This was in contrast to the relationship of
immediate repetition priming o learning. Immediate priming had litde relation-
ship to prior knowledge and correlated olmaost as highly with adjusted learning
tie (o= 323 as it did with Jearning e (r = L 35),

A mudtipie mg:‘mm}ﬂ was performed to test whether the relationship of repeti-
tion priming to learning was unique or overlapping with covariation among the
other cognitive factors and learning time, Learning time was regressed on pretest
scores, immediate repetition priming, semantic knowledge, verbal working
memory, and serantic processing speed. Approximately half of the learning time
variance was accounted for (R% = 81, and the variables with significant unique

157) = 11.79, p < .01, scmantic processing speed, F(1, 157) = 7.29, p < .01,
immediate repetition priming, F(1, 157) = 6.81, p < .01, and semantic knowl-
edge, FU1, 187y = 4.06, p <0 05, Thus, some individual differences in learning
thme were uniguely accounted for by repetition priming.

Discussion

Correlations of priming measures with the learning of programming concepts, as
well as with semantic knowledge, working memury, and semantic processing
speed measures, all suggested meaningful individual differences in both immedi-
ate and persistent repetition priming. The correlations between repetition priming
and learning performunce were generally consistent with findings from Experi-
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ment 1. However, two differences are worth noting. First, in Bxperiment 1,
immediate and persistent priming had equivalent correlations o learning, fn €
periment 2, only immcdiate priming showed a relationship to learning perfor
mance. One explunation for this finding is that persistent priming meusures
represent two uspects of priming: omediate priming strength and priming docay.

If only immediate priming strength underlies knowledge acquisition, then longer
repetition lags (c.g., 8 days) would reduce the relationship of priming 1o
learning. )

A second difference in the two experiments was in the learning tasks. The
Experiment | learning task was purposeiully designed to roprosent passive asso-
clative learning through repeated exposures o peired ussoviates, where oppor-
tunity and incentive for active, eluborative processing of associations was
minimized. As expected, correlations of learning performunce with repetition
priming were high relative to correlations with working memory, The Esperi-
ment 2 learning task involved repetitive exposure (o concepts as in Bxperiment 1,
but there was also ample opportunity and incentive for more active processing of
the information. Subjects could study questions Tor as loag as desired and could
call up concept examples at any time, Consistent with these task differences,
other measures such as working memory and semuntio koowledpe showed stron-
ger relations to learning performance, OF importance though, repetition priming
still correlated with learning wnd uniguely accounted Tor o small but significan
amount of the learning variamee.

GENERAL DISCUSRION

Muost research on repetition priming has focused on understanding the nature of
facilitation from repeating a processing ovent. The term, “hmplicit memory,” has
been used to deseribe this facllitation when s independent of conscious recol-
lection of the priming event {see Schacter, 1987) Given that implict memaory
has been a relatively new topic of study, there is limited evidence regarding
individual differences. The evidence that does exist primarnily stems from re-
search comparing the magnitude of repetition-priming effects for populations
known to differ in explicit memory-test performance. Both dovelopmental and
neurological studies of this type have generally failed 1o find differences in repe-
tition priming. As discussed garlier, a number of studics comparing normal and
amnesic subjects have reported little or no difference in mphcit memory perfor
mance, but large explicit memory differences {e.g., Gral & Schacter, 1
Geal, Squire, & Muandler, 1984, Moscoviteh, Winoour, & McelLachlan, |
Warnington & Weiskrantz, 1970). Shmilarly, Light and Singh (1987) und Mitchell
{1989} reported that young und old adults who differed on recall amd revognition
measures did not differ significantly with respect to repetition-prinsing effects,

One explunation for these findings would be that there ore no systematic indi-
vidual differcaces in implicit memory phenomena. Af

wer all, i such extrenwe
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groups do not differ, why would one expect differences within more homoge-
neous groups? Such an interpretation corresponds to Hasher and Zacks's (1979,
1984y assertion tiat individuals differ systomatically on elfortful processes but
not an most autontic PrOCCSSOS,

The current data contradict this interpretation. We found reliable individual
differences within normal adults, and we found these differeaces to correlate with
3 varicty of other leaming amd memory measures, The most viable interpretation
of the developmental and neurslogical dissociations is simply that aging and
certuin neurological dystunctions selectively affect explicit memory processes.

Having found individuals to differ systematically in repetition-priming cffects,
we addressed the question of whether these differences were of any consequence
in more complex forms of cognition. Provious evidence had already suggested
that repetition priming was related to procedural Jearning (e.g., Squire, 1986;
1ORT, Woltz, 19881 Here, we investigated whether repetition priming was re-
lated to declarative learning under repetitive practice conditions. In both studies
we found evidence that individuuls who showed greater repetition-priming cf-
fecty were more efficient in sequiring new declarative knowledge.

There is substantial evidence suggesting that declarative knowledge acquisi-
ton often invelves explicit, effortiul memory processes, ond that individual dif-
ferences in active learning stralegies such s claboration are important in
cuplaining learner differenves {e.g., Kyllonen, Tire, & Christal, 19913, In con-
trast, the evidence presented here sugpests that some forms of declarative learn-
P ony doveive wore passive, imphicit memory processes. We make no claim s
to the relutive importance of these two sspects of memory in declirative fearning,
W shimply suggest that the role of implicit memory processes in learning may not
be limited 1o procedural skill sequisition as might be concluded from previous
evidence. Dur data suggest that individual differences in implicit memory pro-
conses iy be sonsequential in the acquisition of semantic knowledge, especially
# dearning cnsues from repeated exposure to the new information.
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