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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 bean 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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Two experiments tested the involvement of both abstract semantic memory representations and
instance-specific memory for feature encoding in repetition effects for a semantic processing task.
Experiment | showed that a relatively small amount of facilitation (10 -137) was attnibutable
to memory tor instance-specitic features (typography) of repeated trials. Although small. this
eftect showed no decay over repetition lags investigated. suggesting persistent memon for encoded
fedtuics of wacoding processes Eaperinent 2 showed that facilitation for semantically related
repetitions was short-lived compared with facilitation for lexically exact - cpetitions. This suggested
that priming of abstract semantic memory may be involved in temporary but not persistent
repetition effects. Individual differences analyses supported the concluston that despite the
increased semantic complexity of this repetition priming task over those previoush used. abstract
semantic memon representations were not involved in persistent repetition effects.

People take less time to perform a repeated processing event
than the orginal event. particularly it the two events occur
close in time. This scems obvious and has been demonstrated
on numerous vccasions with ditferent cognitive tasks. A less
obvious claim is that this phenomenon may reflect the same
underiving memory processes that are responsible for many
forms of knowledge and skill acquisition. After all. much of
evervday learning occurs on the basis of repeating the same
processing event many times. becoming more efficient with
each repetition, If this claim is valid. understanding the mech-
anisms of facilitation from single repetitions of processing
events may be of considerable psyvchological importance.

Early chronometric demonstrations of what is called repe-
tition priming or the repetition effect reported facilitation up
to 100 ms on repeated trials of a two-choice reaction time
task (Bertelson. 1961, 1963: Bertelson & Renkin, 1966). Sub-
sequent work demonstrated greater and longer lasting facili-
tation for repeated processing events in more complex verbal
tasks such as old-new recognition for word lists (Hintzman,
1969: Ratchff. Hocklev. & McKoon. 1983: Scarborough.
Cortese. & Scarborough. 1977). word naming (Scarborough
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etal.. 1977 word identification (Feustel. Shiffrin. & Salasoo.
1OK3: Jacoby, 1983 Jacoby & Dallas. 1987 Jacoby & Hay-
man. 1957 Salasoo. Shiffrin, & Feustel, 1985, and levical
decision (Dannenbring & Briand. 1982 Forbach. Stanners. &
Hochhaus. 1974: Ratchft ¢t al.. 1985 Scarborough et al..
1977).

Despite relative consistency concerning the existence and
apparent increased longevity of repetition eftects with tash
complexity. there have been ditferences in interprciation with
respect to underlyving memory mechanisms. In general. there
have been two classes of interpretation. One attributes repe-
tition effects to increased availability of abstract memon
representations that existed prior to the repeated processing
event. That is. faster repeated trial performance is attributed
to residual activation or lower thresholds of existing lexical or
semantic memory codes for stimulus words (Dannenbring &
Briand. 1982: Forbach et al.. 1974: Johnston. van Santen. &
Hale. 1985: Morton 1979: Scarborough et al.. 1977). The
alternative interpretation attributes repetition effects to some
form of instance memory rather than the priming of abstract
memory. According to this interpretation. memory for per-
ceptual features or feature encoding operations from prior
processing episodes facilitates subsequent encoding of the
same stimuli (Jacoby. 1983: Jacoby & Hayman. 1987: Kolers.
1976: Kolers & Roediger. 1984). Although most rescarchers
have attributed repetition effects according to one or the other
of these interpretations, a few have proposed models for
repetition effects that include both abstract and instance-
specific memony codes (Feustel et al.. 1983 Salasoo et al..
19831,

Most proponents of the abstract memory interpretation
have assumed priming of lenical but not semantic memon
representations. Furthermore, onhv a few studies have re-
ported evidence directhy addressing the prinming of abstract
memory for stimulus word meanming i the repetiion para-
digm (Dannenbring & Briand. 19820 Ratchty et al., 1983,
Fhese studies used Texical decision tasks and compared the
magmtude and longevity of faclitation for adentity and se-
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mantically related repetitions. Results were consistent in
showing facilitation attributable to abstract memory for
meaning (i.e., the effect of semantically related repetitions)
was short-lived. while facilitation from identity repetitions
was more lasting.

Thus. previous =vidence 'eads to a conclusion that priming
of aostract cemantic memcry olays. at most. a temporary role
in otherwise persistent repetition effects in verbal processing
tasks. In contrast. several researchers have argued convinc-
ingly that instance memory for feature encoding underlies
remarkably long-lasting effects (Jacoby. 1983: Jacoby & Hay-
man, 1987: Kolers. 1976: Kolers & Roediger. 1984). Kolers
(1976) provided the most dramatic evidence for this argument
in reporting facilitation for previously read inverted text pas-
sages after 1 vear, where facilitation was not dependent on
ability to discriminate new and old texts by semantic content.

Despite the evidence, these conclusions about the nature of
temporary and persistent repetition effects seem suspect be-
cause they contradict evidence trom other memory para-
digms. That is. other research has concluded ihat memory for
instance-specific surface features fades quickly in lieu of more
abstract semaniic representations for processing events. For
example, in studies of stimulus comparison processes. Posner.
Boies. Eichelman. and Taylor (1969) showed that facilitation
for physically exact versus different case letters decayed rap-
idly in just a few seconds of interstimulus interval. Similarly.
studies on memory for connected discourse have demon-
strated that memory for surface structure decays more rapidly
than memory for abstract meaning of text (e.g.. Anderson.
1974: Sachs. 1967).

One reason for these apparently discrepant conclusions
from repetition priming and other memory research might be
the lack of semantic proccssing demands in previously used
repetition priming tasks. Repetition priming studies have
relied almost exclusively on lexical decision and word identi-
fication tasks. neither of which explicitly demands semantic
processing. These tasks are complex primarily with respect to
visual encoding and consequently may not adequately test
the potential contribution of abstract semantic memory rep-
resentations. It seems important to test competing explana-
tions of repetition priming by using other experimental tasks.
especially those involving greater semantic processing in the
absence of unusual encoding demands."

Repetition effects have been found in moderately complex
semantic processing tasks involving word meaning comparni-
sons (Woltz. 1988, 1989) and word category comparisons
(Woltz. 1988). In a semantic companison task involving word
meanings. two words are presented on each trial (e.g.. minist
damp). and subjects decide whether their meanings are alike
or different. Comparing the meaning of two words presum-
ably utilizes semantic memory representations to a much
greater extent than cither lexical decision or word identifica-
tion tasks. Consequently. priming of abstract semantic mem-
ory may underlie persistent repetition effects in this task.
despite the lack of evidence for this in simpler tasks.

Two experiments are presented here which investigated the
nature of facilitation obs¢rved in repeated semantic compar-
ison trials. Experiment | investigated the role of instance
memory for physical feature encoding over various repetition

lags. This was done by testing for reductions in repetition
effects when the typographic details of repeated trials (letter
case) were altered. Although visual details have been shown
to affect repetition priming in lexical decision and word
identification tasks. they were hvpothesized to have only a
temporary effect because of increased semantic complexity in
this task. Experiment 2 investigated the priming of abstract
semantic memory representations as a source of repeated trial
facilitation. This experiment compared facilitation from se-
mantically related and lexically identical repetitions over var-
ious lag intervals. The presence of any facilitation for se-
mantically related repetitions was assumed to reflect priming
of abstract memory for meaning common to lexically differ-
ent processing instances. The persistence of such fac‘litation
over varied repetition lags was also tested. Previous findings
from lexical decision tasks would suggest that semantically
related repetitions should produce very short-lived facilitation
compared with identity repetitions. However. more persistent
facilitation was hyvpothesized becausc of the increased seman-
tic complexity of this task.

Experiment 1: Instance-Specific Memory for Stimulus
Orthography

Consistency of visual details has been shown to affect the
magnitude of repetition effects in tasks for which subjects
have had limited experience such as reading inverted text
(Kolers. 1976: Masson. 1986). as well as for familiar process-
ing tasks such as word recognition (Jacoby & Hayman. 1987).
These findings have been used to argue for the importance of
instance specific memory for feature encoding in repetition
effects.

Previous findings from repetition priming of semantic com-
parison trials, however, appear contradictory tu a feature-
encoding explanation. Substantial latency savings were ob-
served for trals in which one of two words and the correct
response differed between prime and repeated tnal (Woltz.
1989). but only when positive prime trials preceded negative
target trials (e.g.. moist damp followed by moist blue). Al-
though these repetitions produced large savings (200 ms even
after seven intervening trals). negative prime trials produced
no savings on subsequent positive target triais (e.g.. rmoist blue
followed by moist damp).

Regatdless of the memory representations involved. one
expects smaller repetition effects when primes and targets
have only one word in common. especially when the com-
panson and response processes differ. However. the asym-
metric tacilitation for positive-negative and negative—positive
repetitions is difficult to explain in terms of memony for
instance-specific encoding. Why should memory for encoding
positive trial feawures facilitate subsequent negative trials. but

' Kolers (1976) found long-term repetition effects for reading in
verted text. which is certainly semantically complex compared with
lexical decision and word identification tasks. However. the most
salient characteristic of the Kolers task was highly complex encoding
demands. Thus. this evidence also may have biased interpretation of
repetition effects toward memory for encoding processes.
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not the reverse? On the other hand, this pattern conforms
well to a model of spreading activation in an associative
network of abstract memory codes for words and their mean-
ing (e.g., Anderson. 1983a. 1983b). Positive prime trials
should produce greater activation than negative prime trials
in semantic or lexical memory nodes because only positive
trial stimuli have overiapping semantic features that would
share activation in the network. Thus, although previous
results from repeated semantic comparisons appeared to be
best explained by activation of abstract memory codes, the
possible role of instance-specific memory for feature encoding
in this task was uncertain,

To test the possible involvement of instance-specific encod-
ing memory in the semantic comparison task, this experiment
assessed the importance of visual details (typography) to re-
peated tnal facilitation. Subjects performed a semantic com-
parison task with repeated tnals similar to that used in pre-
vious studies (Woltz, 1988, 1989). Approximately one-third
of all tnals were repeated within 13 subsequent trials. Some
repetitons used the exact stimulus set from first occurrences
(thus the response staved the same) and some repetitions
were converted (one of the words from the first occurrence
was replaced so that the correct response changed). Differing
from previous studies with this task. halt of the repeated trials
of each condition preserved the case of the first occurrence.
and half changed the case. Instance memory for prior feature
encoding was implicated if same-case repetitions resulted in
more savings than did different-case repetitions.

Method

Subjects.  Subjects were 273 US Air Force recruits in their 6th
dayv of basic training at Lackland Air Force Base. Texas. Approxi-
mately 17% of these subjects were eliminated because performance
scores indicated lack of effort (i.e.. chance errors rates or failure to
complete the experimental tasks.) Another 3% of the subjects were
eliminated because English was not their primary language. Of the
remaining 219 subjects. 175 were male and 44 were female. All
subjects were high school graduates. and approximately 20 had at
least some college work. The age of Air Force recruits ranges from 17
to 27 vears.

Apparatus. Al expenimental tasks were administered on Zenith
Z-248 microcomputers with standard kevboards and EGA color video
monitors. Materials were presented on the monitors in 24 x &0
character text mode. Software was written to achieve millisecond
timing on response latency recording.

Procedure. Subjects were tested in groups of 25-135, with cach
subject at an individual testing carrel. Subjects were first given a bricef
onentation to the experimental session and practice locating kevs on
the keoboard. Al instructions were computer administered. and
proctors were available to answer gquestions. Total time of cach session
was approximately 3.5 hr. Subjects were allowed briet rests between
experimental tasks and were given a S-min break approximately
haltway through the session.

Five cogmitive tasks were administered to cach subject -turing the
cxperimental sesston, All subjects performed the semantic compan-
son task first, The remaming tashs were designed to measure indivad-
ual differences i serbal knowledge and workimg memory capacity
Scores from these tasks were used as covariates in o mdivadual difter-
ences analsses to be presented in g later section Only the semantie
comparison task will be desernibed here.

Repeated trial semantic comparison task. Each tnial consisted of
two words presented in the center of the computer display, one on
top of the other separated by approximately | cm. Each trial was
preceded by an attention cue (one asterisk) presented for 250 ms
followed by a blank screen for 250 ms. The two words were then
presented and remained on the screen until the subject responded by
pressing either an L key (for Like) or a D key (for Different),
depending on whether the subject judged the words 1o be synonyms
or unrelated. Subiects were instructed to respond as quickly as pos-
sible without sacrificing accuracy. Response feedback was also de-
signed 1o encourage attention to response speed without inducing
errors. Tral response latency followed correct responses for 1,000
ms. while the word WRONG and a low tone followed errors for 1.000
ms. In addition. subjects were presented summary feedback of percent
correct and median latency after each block of 75 trials and were
reminded to respond as quickly as possible without sacrificing accu-
racy.

Each subject performed eight blocks of 75 trials. Sixteen of the 73
trials in cach block were repetitions of wnals presented earlier in the
same block. Four orthogonal factors defined the repetitions: (a)
positive versus negative match on first occurrence (¢.g.. maoist damp
vs. moist blue as the priming tnal). (b) same versus different match
of sccond occurrence relative to first occurrence (e.g.. moist hlue
followed by mioist hlue is same match because hoth are negative
matches while moist blue followed by moist damp is different match
because ane is negative and one is positive)., (¢) same versus different
case of second occurrence relative to first occurrence (e.g.. MOIS
pasmp followed by maoive blued. and (d) tnal lag of second occurrence
after first occurrence (i.e.. second occurrence 1.2, 3, or 15 tnals later).
A complete representation of the repeated tnal design was achieved
in a random order for cach subject over every two 75-tnal blocks.

There were 128 stimulus sets (word tnplets) for repeated trials.
Each stimulus set consisted of a stem word (c.g.. aripfe). a synonvm
of the stem (e.g.. sufficient). and a foil unrelated to the stem (c.g..
enclose). Stimulus sets were randomiy assigned to design cell and trial
block for each subject.

There were 344 stimulus sets of word triplets used for nonrepeated
trials. Nonrepeated trials served as fillers and were balanced within
blocks for (a) positive and negative matches and for {b) upper- and
lowercase presentation. The 344 stimulus sets were randomiy assigned
to tnal type and block.

Repetition lag was accomplished in the following manner. Each
block began with 7 filler trials (for warm-up) followed by four contig-
uous scts of 17 trals. The first trial in each set of 17 was a filler
(nonrepeated trial): then the first occurrence of a Lag 15 trial was
presented. The next |3 tnals included the first and second occurrences
of Lags 1. 2. and S in random order. with one filler trial separating
the second occurrence of one fag from the first occurrence of the next
lag. The next trial was another filler tnal followed by the second
occurrence of Lag 15,

Results

Performance on the semantic comparison task revealed
substantial savings for both same- and different-case repeti-
tions. For same-case repetitions. the mean of individual me-
dian response Liteney across trial conditions was 1,297 ms
(SD = 339) on first-occurrence trials and 1,099 ms on second-
occurrence tnals (87 = 249) For different-case repetitions,
the mean of individual median response Tateney across tnal
conditions was 1301 ms (.87 = 333) on first-occurrence trials
and 1125 ms on second-occurrence trids (8 — 2640y The
difference between same-case repetition savings (198 me) and
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different-case repetition savings (175 ms) was statistically
significant, F(1. 218) = 11.75, p < .001.

Savings in performance accuracy were significant, F(1. 218)
= §2.99. p < .00}, but did not differ between same- and
different-case repetitions, F(1. 218) < 1. For same-case repe-
titions. performance improved from 11.17% errors (SD =
5.67) on first occurrences to 8.72% errors (5D = 5.36) on
second occurrences. For different-case repetitions. perform-
ance improved from 10.99% 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 correiation between average latency and percent
errors for the sample was nonsignificant. r = —.06. p > .35,

Table | presents mecan 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 nonsigniftcant Lag x Case interaction,
F(3.216) = 1.13, p > .30. Thus. as seen in Figure 1. which
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-
rence. However. decay of savings did not differ as a function

Table 1
Mean Latency Savings for Semantic Comparison Repeated
Trials x Trial Condition From Experiment 1IN = 2]9)

Repetition lag (tnals)

Repetition tyvpe? R 2 s IS Combined

Same-case repetitions

Positive-positive

M 396 297 S 320 KRR

SD 242 181 195 196 - 158
Positive-negative

M 194 133 123 144 149

SD 233 218 257 200 159
Negative-positive

M 43 46 48 58 49

SD 270 218 244 236 150
Negative-negative

M 346 232 229 237 261

SD 288 220 235 258 199

IDifferent-case repetitions
Positive-positive

A IR 258 276 294 292

SD 236 244 210 212 168
Positive-negative

% 207 130 11y 28 145

S 242 242 233 2R 168
Negative-positive

A 18 45 64 s 45

5D 256 207 255 248 147
Negative-negative

M 289 200 218 182 222

SD 308 240 232 294 194

Note. Mean latency savings are displayed in milliseconds. Latency
savings were computed as the difference between repeated tnal latency
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
occurrence. and the second word refers to the match type of the
second occurrence.

'
Nl
tn

Figure 1 Experiment 1: Mean latencey savings tor Same- and Dit-
ferent-Case Repetitions X Trial lag (N = 219y,

of visual similarity: the initial savings difference between case
conditions persisted through Tag 15

Because savings scores were computed as the difference
between first and second occurrences for cach lag. there was
more opportunity at long lags tor general practice effects to
contaminate savings estimates. That s, subjects could be
taster at the second occurrence of Lag 15 relative to the first
occurrence because of general practice effects over intervening
trials. To investigate this. average change in latency was
estimated across all nonrepeat trials (first occurrence and
filler) within blocks. (The first seven trials of cach block were
warm-up trials not used in other analyses. so they were also
chiminated from this analvsis.)) Kather than a general speed-
up due to practice. there was a significant lincar increase in
latency over the sequence of 32 non-repeat trials in cach
block. F(1. 218) = 11.31. p < .001. This apparent fatigue
cffect was relatively small. however. at less than 0.5 ms per
trial. The net result of this effect was to slightly underestimate
average savings at Lag 5 by about 2 ms and savings at Lag 13
by about 7 ms. Fatigue within blocks was also reflected by a
small but significant increase in errors over trials, M1, 218) =
S.95. p < 05,

There were other differences in Table 1 of interest. First. as
found earlier (Woltz. 1989). the overall effect of lag was
significant. F(3, 216) = 2483, p < 001, but the decay of
savings over lag was not continuous. The presence of decay
at cach lag was tested by using orthogonal Helmert contrasts
(Bock. 19758). These contrasts compared savings at cach lag
with savings from combined subsequent lags. Only the savings
difference between Lag 1 and Lags 2-15 was sigmificant. £l
21R8) = 69.43, p < .001. Both the savings difference between
Lag 2 and Lags 5-15. F(1, 218) = 1.69. p > 20, and the
savings difference between Lag S and Lag 15, F(1, 218y < 1.
were nonsignificant. Thus. decay resulted from the tirst inter-
vening trial, but not from subsequent intervening trials.

A second finding of interest in Table 1 was that savings
depended on first-occurrence trial type (positive or negative),
F2. 218) = 27827, p < 001, and on whether the second
occurrence was the same trial type as the first, /(1. 218) =
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621.75, ;< .001. This only partially renlicated the earlier
finding (Woltz, 1989) described in the introduction to this
caperiment. In the previoushy studs, negative-positive repe-
ntions produced less savings than other repetition types. This
difference was reflected ina sigmiticant interaction between
first-occurreace trial type and consistency of first and second-
ocrurrence trial types. In the current experiment. this inter-
action did not reach sigmificance. £ 218) = 296, p > 0K,

A third finding of interest i Table T was that case similanty
mterndacted with toal tvpe sinadanty, Fl, 218) = 1669, p <
00T As can be seenin Fable 1. case change had its greatest
effect tor repeated trals that were dentical to their onginal
oceurrence i all other wavs, That s, case change reduced
savings by an average of 40 ms i positine-positive repetitions
and 39 msan negative-negative repetitions. In comparison.,
case change reduced savings by an average of only 4 ms n
both postive-negative and negative-positive repetiions. In
these latter repetitions, where oaly one word was retamned
from prime to target. the difference between same- and dif-
ferent-ciase conditions was nons. rificant. Al 218) < 1L
Thus, case simulanty atfected savings only when all fesieal
components remained constant and in the same location ever
repetitions.,

Discussion

Case changes between prime and target waals reduced the
magnitude ofidentty priming effocts in semantic comparison
tnais. Although the case-change effect was relatively small
(107 =159 of total ~savings) and present only 1n repetitions
preserving all prime trial components. it persisted over all
lag intervals investigated. That is. the visual similarity of the
repeated trial 1o 1ts prime was as important at Lag 15 as it
was at Lag 1.

The effect of case change. and particularly the persistence
of this effect over tral lag, implicated instance memory for
encoded features or encoding processes. The increased seman-
tic complexity of this task over previous repetiion priming
tasks did not eliminate the role of instance-specific physical
feature memory. Moreover, the influence of such low-level
feature memory did not decay quickly as might be expected
from the temporary availabihity of surface features in other
semantic processing tasks (e.g.. Anderson. 1974 Sachs. 1967).

The fact. however. that case change had no effect on
posiic. o -negative and negative-positive repetitions suggested
that factlitation due to feature encoding memory may be
highly context specitic. Case-change effects should have been
smaller on positive-negative and negative-positive repetitions
because only one word i target tnials matched pnme tnal
contents. However, if the 30-ms case-change effect in positive-
positive and negative-neyative repetittons reflected Bacihita-
ton from re-cncadimg two stmulus words, one would expect
A 20-ms coe Change effect for positive -negativ e and negative-
posttine repetittons shere one stimutus word was re-encoded
Ihe absence of this effect sagpests that memorny tor stimulus
phyvacal features ar encoding processes ney faciitate por-
formance onby swhen procesang contextsare fnphh aemlar or
identical

Fodence from this study also spppested o difference be-
tween temporary and persistent adenuty repetinon effects

similar to that deseribed by Ratelift et al. (1985). Noncontin-
uous decay of savings for both same- and different-case re-
peated trials suggested that some temporary, memorn activi-
tion for trial contents may fast untl one mtervening trial 1S
processed. Following the apparent loss of immediate activa-
tion, the lack of further savings decay with up to 14 inwenven-
ing trials suggested additional involvement of a more persist-
cnt memory for onginal trial content or processing. Although
repetition effects were imvestigated over a mavimum lag of 13
tnals. the complete absence of decay after Lag | cuggested
that these effects may last fonger than a single expermmental
session. Such persistence would be consistent with findings
from levical deaision and word dentification experiments
where single repetitions produced significant savings over
several davs (Jacoby. 1983 Jacoby & Dallas. 19810 Scarbo -
ough ctal.. 1977).

In summary. case changes resulted in persistent reductions
n repetition savings under certain tnal condinons. thas sug-
gesting involvement of instance memon for encoded physical
teatures or feature encoding processes. However, given s
small magnitude. this effect did not rule out additional in-
volvement of abstract memory for siimulus meaning

Experiment 2: Priming of Abstract Semuantic Memon

Rescarchers who have attributed persistent repetition effects
to priming of abstract memory codes have generally assumed
lexical. not semantic. representations (Dannenbring & Briand.
1982: Forbach ct al.. 1974; Johnston ct al.. 1985, Morton
1979: Scarborough ¢t al.. 1977). Furthermore. Dannenbring
and Briand (1982) and Ratclift et al.. (1985) reported evidence
suggesting only temporary involvement of abstract semantic
memory in repetition priming. These studies used lexical
decision tasks and found facilitation for semantically related
repetitions to be short-lived compared with facilitation for
exact repetitions. However, given the increased semantic com-
plexity of the current task. I hypothesized that some portion
of persisting repctivion effects would be attributable to the
priming of abstract representations of word meanings and
relations.

Priming of abstract semantic representations was tested in
Experiment 2 by comparing repeated tnal facihtation from
identity repetitions (e.g.. mond dar :p folloved by maoise damp)
with facilitation from semantically similar repetitions (e.g.,
moist damp followed by woger wer). The expenimental appa-
ratus and procedures were identical to those used in Expen-
ment 1.oexeept that halt ol the repeated tnals were semanu-
cally related rather than sdentical to first-occurrence trials,

Semantically related repetitions could shew tess savings (or
even no osavings) compared waith dentty repetitions tos two
reasons Fosts there can be no savings from previous physical
feature encodimg because there is no phyvacal featere overlap
m prime and targettoals In b oypermment Toencoding the same
word part oo g ditterent case prodaced aosmadl bt Listiny
reduction morepetition savings Focodimg entaely different
words i semantic repetitions shoubd torther redoce saevimps
due toorepected featue encoding Second at some part ol
identite repetttton saomps o thes task s due todirect aciva-
tion ol abstract Tevical memory representations ic g logo-
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gens), then this pcrtion of savings would also be eliminated
by semantic repetitions.

Given the two sources of repetition savings that should be
chiminated in semantically related repetitions, any observed
savings were assumed (o reflect priming of long-term memory
structures representing the semantic content of stimulus
words (¢.g.. concept noues in a semantic network or links that
represent semantic relations hetween lexical representations).
This experiment addressed two questions with regard to the
hvpothesized priming of abstract semantic memory codes.
First, are there measurable savings for semantically related
repetitions? Second. if savings exist. how persistent are they?
If they are as persistent as savings from identity repetitions,
then priming of semantic memory codes might partially un-
derlie persistent savings for identity repetitions. However, if
savings from semantically related repetitions are relatively
short-lived. as might be predicted from lexical decision data
(Dannenbring & Briand., 1982: Ratcliff et al., 1985), this
would suggest abstract semantic memory involvement in
temporary but not persistent identity repetition eftects.

Method

Subjects. Subjects were 291 Air Force recruits in their 6th day of
basic training at Lackland Air Force Base. Texas. Approximately 14%
of these subjects were ehiminated because performance scores indi-
cated lack of effort. Another 3% of the subjects were eliminated
because English was not their primary language. Of the remaining
241 subjects. 195 were male and 46 were female.

Procedure. Subjects performed the same five cognitive tasks as in
Expenment 1. Onlyv the design of the semantic comparison task
differed. Tasks other than semantic comparison will be described in
a later section reporting individual differences analv<es.

Repeated trial semantic comparison This task was structured
identically to the semantic compariscn task in Experiment 1, except
the manipulation of case similarity in repetitions was replaced with a
manipulation of lexical similanity. All tnals were presented in lower
case. Half of all repeated trials used stimuli that were lexically identical
to first occurrence trials (identity repetitions), and half uscd lexically
different but semantically similar stimuli (synomnym repetitions). That
1s. for each of the 128 stimulus sets used in Experiment | (a stem
word. a semantically related alternative. and an unrelated foil), there
was a synonymous stimulus set (e.g.. ample. sufficient, and enclose
was semantically parallel to enough. plenty, and surround). Within
each design cell created by crossing lag and repetition type. half of
the repeated tnals used the same stimulus set, and half used the
semantically paralle] set. Assignment of stimulus set to tnial condition
and block location was random for each subject.

Results

Performance on identity repetitions resembled that from
both case conditions of Experiment 1. The mean of individual
median response latency for identity tnals was 1.281 ms (SD
= 317} on first-occurrence trials and 1,131 ms (SD = 277) on
second-occurrence trials. As expected. synonym repetitions
showed comparatively less savings. The mean of individual
median response latency across conditions for synonym trials
was 1.275 ms (SD = 303) on first-occurrence trials and 1.246
ms (SD = 302) on second-occurrence tnals. The overall
difference between identity repetition savings (150 ms) and
synonym repetition savings (29 ms) was significant, F(1, 240)

= 318.07. p < .001. Despite the atienuation of savings for
synonym repetitions, these savings were still greater than zero,
M1, 240) = 34.54. p < .001. thus suggesting the priming of
abstract semantic memory codes.

Performance accuracy showed a similar pattera to that of
latency. For identity repetitions, performance improved from
10.30% errors (SD = 5.68) on first-occurrences triais 1o 8.06¢
errors (SD = 4.606) on second occurrences. There were com-
paratively less savings in synonym repetitions: performance
imnroved only slightly from 10.76% errors (SD = 5.12) on
first occurrences 10 9.53% errors (SD = 5.99) on second
occurrences. As with latency savings. the accuracy savings
difference was significant between identity and synonym rep-
etitions, /(1. 240) = 5.65. p < .03, and although syvnonym
savings were smaller. they were stll greater than zero, F(1.
240) = 15.47. p < 001.

As found in Experiment 1. there was no evidence for a
speed-accuracy trade-off. The sample correlation between
average latency and percent errors was greater than zero, r =
.16, p < .05, indicating that faster subjects made fewer errors.

Mean latency savings by trial lag are presented in Table 2.
The effects of 1ag on savings revealed a different pattern of
decay for identity and synonym repetition savings. As shown

Table 2
Mean Latency Savings for Semantic Comparison Repeated
Trials X Trial Condition From Fxperiment 2 (N = 241)

Repetition lag (1nals)

Repetition type* 1 2 5 15 Combined
Identity repetitions
Positive-positive
M 338 25t 266 278 283
SD 215 211 202 180 131
Positive-negative
A 152 87 87 85 102
SD 211 256 201 290 148
Negative-positive
M 18 13 35 87 38
SD 253 230 307 180 142
Negative-negative
M 248 165 153 137 176
SD 247 237 231 258 157
Svnonym repetitions
Positive-positive
M 90 94 21 44 62
SD 193 222 267 263 139
Positive-n-gative
M 79 200 =22 -6 20
SD 226 218 247 249 141
Negative-positive
M 47 0s AR} 12 -2
SD 226 2S¢ 257 21} 163
Negative-negative
M 12 47 -9 03 13
AY 2200 238 258 2R 142

Note. Mean latency savings are displaved in milliscconds. Latency
savings were computed as the difference between repeated trizl latency
and first occurrences of the s. ine trial type within cach repetition lag.
*The first word of each pair refers to the match tvpe of the first
occurrence. and the second word refers to the match tvpe of the
second occurrence.
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in Figure 2, which presents average savings collapsed over
repetition type. decay for identity repetition savings resembled
that of previous data: Only a portion of total savings decaved.
and this occurred exclusively with one intervening trial. In
contrast, savings for synonym repetitions decayed gradually
but completely over the first few intervening trials. The Lag
x Lexical Similarity interaction representing this difference
was significant, /(3. 238) = 6.53. p < .001. Analysis of
Helmert contrasts for this interaction revealed only one sig-
nificant decay difference for identity and synonym repetitions
which was between Lag 2 and Lags 5-15. F(1. 240) = 18.81.
p < .001. Interactions of lexical simifarity and Lag 1 versus
Lags 2-15. F(1. 240) = 2.07. p > .15, and lexical similarity
and Lag 5 versus Lag 15, F(1. 240} < 1. were nonsignificant.

The difference in savings decay for identity versus synonym
repetitions also depended upon repetition tvpe, The Lexical
Similarity X Match Type x Lag interaction. F(3. 238) = 8.43,
< .001. was significant. Helmert contrast analvses revealed
that this interaction was significant only for Lag | versus Lag
2215, F(1. 240) = 22.72. p < .001. As can be seen in Table 2.
there was immediate decay of initial savings for all identity
repetitions, but immediate decay only for synonym repetitions
that were different-match types (positive-negative and nega-
tive—positive).

Asn Experiment 1. general lateney change within blocks
for nonrepeat trials was estimated to address possible contam-
ination of savings by practice. Similar to results from Exper-
iment 1. there was a significant linear increase in latency over
the sequence of 52 nonrepeat trials per block, F(1, 240) =
20,97, p < .001. Again. this change reflected fatigue rather
than practice. The fatigue effect amounted to approximately
0.5 ms increase per trial and thus resulted in slight underes-
timation of savings at longer lags. There was no change in
error rate over trials of a block. /(1. 240) < 1.

Discussion

Results of this experiment suggested that some repetition
effects are attributable to greater availability of abstract se-

5

Figure 2 Expenment 20 Mean latency savings for Identity and
Synonym b pensons x Tnal Lag (N = 241).

mantic memory codes. Priming of abstract memory for mean-
ing common to lexically different processing instances was
inferred from significant savings in semantically related rep-
etitions that could not be atuittted to memory for recent
perceptual processing or direct activation of lexical memory
representations.

Also of importance was the finding that identity and se-
mantically related repetition effects had different decay rates.
As found in Experiment | and previous work (Woltz, 1989).
identity priming eftects showed an immediate but incomplete
decay with one intervening trial. Following the immediate
decay. savings remained constant for the 15 trial lags investi-
gated. In contrast. tacilitation from semantically related
primes decaved completely over the first few intervening trials.
Thus. repetition effects attributable to abstract semantic codes
were short-lived while other repetition etfects, including those
due to physical feature encoding (Experiment 1), were more
persistent. These findings are consistent with those from
lexical decision experiments (Dannenbring & Briand. 1982:
Ratcliff et al., 1985). So despite the increased semantic com-
plexity of this experimental task compared with previously
used tasks. similar conclusions were drawn concerning ab-
stract and instance-specific memory codes underlving tem-
porary and persistent repetition effects.

Although the results of this experiment implicated some
form of abstract memory for meaning in temporary repetition
effects. they did not make clear the specific representation or
mechanism involved. Observed savings on semantically re-
lated repetitions could be attributed to spreading activation
during prime trial processing to representations for or shared
by probe trial contents (sce Anderson, 1983b). However,
recent theories of compound or composite retrieval-cue mech-
anisms could also explain these data (Dosher & Rosedale.
1989: Ratclitf & McKoon, 1988). That is. performance could
have been faster on target repetitions that were semantically
related to previous prime trials because memory representa-
tions for prime and target trial contents formed a compound
cue during target tnal processing. Despite the different mech-
anisms assumed by spreading activation and compound-cue
theories. both assume involvement of existing semantic mem-
ory structures such as semantic concept nodes or associative
links between lexical representations.

Experiments | and 2: Individual Differences

Individual differences were analyzed as an alternative test
of the hypothesized role of abstract semantic memony repre-
sentations in repetition piming. If repetition effects are at-
tributable to increased availability of existing scmantic mem-
ory structures for stimulus words. then individual differences
in the magnitude of priming cffects should be related to
differences in verbal knowledge (e.g.. as indicated by perform-
ance on a vocabulary test). That is, differences in vocabulary
test performance should reflect differences in the quantity
and organization of memory representations for word mean-
ings and relations. These differences should be positively
related to the magnitude of repetition savings if savings reflect
cither temporary or persistent changes (e.g., activation or
strengthening) to these memory structures. However, af se-




TEMPORARY AND PERSISTENT PRIMING EFFECTS 399

mantic memory structures are involved only temporarily
when prime trials are semantically related but not identical
to targets (as predicted from Ratcliff et al.. 1985). then indi-
vidual differences in verbal knowledge should be related only
to repetition etfect differences in the svnonvm repetition
condition in Experiment 2.

Any pattern of correlations between verbal knowledge and
savings for ditferent repetition conditions would be difficult
to interpret unless measures of other cognitive corstructs
showed divergent patterns. Tasks designed to measure indi-
vidual differences in working memory capacity were included
for this purpose. Earlier work found that working memory
differences were largely unrelated to the magnitude of identity
priming effects (Woltz. 1989). However. possible relations
betwecn working memory measures and semantic priming
effects were not tested.

In both Experiments | and 2. subjects performed a verbal
knowledge and two working memory tasks in addition to the
repeated-trial semantic-comparison task. The verbal knowl-
edge measure was a traditional multiple-choice vocabulary
test. Working memory tasks were designed to measure per-
formance errors under concurrent demands for processing
(verbal or numeric) and temporary information storage. This
operationalization of working memory capacity is consistent
with the model proposed by Baddeley (1986). Analyses re-
ported here evaluated relations between these measures and
savings from both identity and semantic repetitions. Supple-
mental analvses of verbal knowledge and working memory
task performance are presented in the Appendix.

Method

Subjects. apparatus, and procedures were those previously de-
scribed for Experiments | and 2. Subjects performed the verbal
knowledge and working memory tasks in a random order following
the semantic comparison task. Detailed descriptions of the verbal
knowledge and working memory tasks are presented in the Appendix.

Results

Analyses of individual differences in repeated trial savings
relied on regression residual rather than difference score meas-
ures of change (for discussions sce Cronbach & Snow. 1977;
Donaldson. 1983). That is. subjects” median latencies for
repeated trials were regressed on median latencies for first-
occurrence trials. and residuals were taken to reflect relative
savings (large savings were represented by negative residuals:
subjects who were faster on repeated trials than predicted by
their first-occurrence latency). Residual savings scores ap-
proximated a normal distribution for both experiments, cx-
cept for a few extreme values. To reduce the influence of these
exstrieme values on correlations, residual savings greater than
three standard deviations from the mean were replaced with
that value (23 subjects across both experiments).

frrst, rehabihty estimates and intercorrelattons were com-
puted for savings measures within cach expermment. For Fa-
periment Tosphit-halt reliabibity ccoimates were v - 660 tor
same-Gise savngs and oo = 7Y for differenteease savings,

Fhe corrclation betsseen these fso savings soares wis #0058,

p < .001. Thus, the magnitude of savings fur same- and
different-case repetitions was correlated almost to the limit
imposed by measurement reliability (a correlation of r = .69
would be the maximum expected correlation. given estimated
reliabilities). Such a high relation suggested that the same
processes and memory structures were responsible for repeti-
tion savings in these two conditions.

For Experiment 2. split-half internal consistency reliability
estimates were r,, = .60 for identity repetition savings and
r.. = .69 for synonym repetition savings. The correlation
between these savings scores was r = .51, p < .001. This
corrclation was significantly lower than the correlation be-
tween conditions in Experiment 1. - = 2.26. p < .05, despite
comparable reliabilities, This suggested that. in contrast to
Fxperiment [, partially different processes or memory codes
may have been involved in the repetition etfects for the
identity and synonym repetition conditions of Experiment 2.

Next. correlations of repetition savings with verbal knowl-
edge and working memory were estimated. Table 3 presents
these correlations for Experiment 1. As expected from the
high correlation between repetition conditions of Experiment
1. correlations in Table 3 did not diifer significantly across
conditions for either verbal knowledge or working memon
measures (p > .10)." This again suggested that manipulating
visual similarity of repetitions did not substantally change
processes underlving the repetition etlects.

Also of interest in Table 3 was that verbal knowledge. as
measured by the vocabulary test. appeared to have lower
correlations with savings than did working memory. Verbal
knowledge correlations with savings were significantly lower
than verbal working memory correlations with savings for
both same-case. «216) = 2.02. p < .05, and different-case
conditions, #(216) = 245, p < 01. Differences between the
verbal knowledge and numeric working memory correlations
with savings approached but did not reach significance (p <
L0R).

Table 4 presents Experiment 2 correlations of repetition
savings with verbal knowledge and working memory meas-
ures. As scen in Table 4, correlation patterns were similar to
those for Experiment | (Table 3) with one exception. As in
Experiment 1. correlations of the working memory tasks with
savings did not differ across conditions (p > .25). However,
in contrast to Experiment 1, the verbal knowledge measure
had a significantly higher correlation with svnonym savings
(r = .36) than with identity savings (r = . 19), (238 = 284, p
< 005, Furthermore. when corresponding correlations for
Fxperiment 1 and Faperiment 2 were compared. only the
vocabulary -different-case savings correlation from Experi-
ment 1 (= 14 and the vocabulary-synonvm savings cor-
relation from Faperiment 2 (r = 36 diftered significantly, -
= 251, p < 0f. Thus,verbal knowledge was umguely related
to the magnitude of savings i the ssnonvm repetiton con-
dition of Fxperiment 2.

Ditterence between correlations 1rom independent samples were
tested swath Basher's ranstormiation 1o - (Guiltord & Fruchien, 19730
“Ditterences between corrclations from one sample mvolung a
common vanable were tested with Hotelhng's £ test (Guiltord &

-

Froachter, 1973

-
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Table 3

Experiment 1 Correlation of Semantic Comparison Repeated
Trial Savings Residual With Verbal Knowledge and
Working Memory (WM) Measures by Repetition

Type (N = 219)

Repetition type

Predictor Same case Different case
Vocabulary test errors A1 14
Verbal WM task errors 27 33
Numeric WM task errors .24 .27

Note. A negative semantic comparison residual represented greater
savings: someone faster on repeated trials than predicted from original
trial times. Correlations greater than r = .18 were significantly differ-
ent from zero at p < .01.

Discussion

Of primary interest in these analyses was that individual
differences in verbal knowledge correlated significantly higher
with semantically related repetition savings than with lexically
exact repetition savings. In contrast. working memory meas-
ures had equivalent correlations with all repetition savings.
This suggested that abstract semantic memory structures may
underlie only temporary repetition effects when prime and
target are semantically related. If abstract semantic represen-
tations are also involved in identity priming. they probably
affect only temporary and not persistent repetition effects.

Correlations reported here also addressed an issue pertain-
ing to two seemingly distinct conceptualizations of working
memory capacity found in the literature. In Anderson’s
(1983a) ACT* theory, working memory was defined as cur-
rently active long-term memory nodes. Working memory
capacity was defined in large part by limits of automatic
spreading activation and decay in existing memory structures.
In contrast, Baddeley (1986) defined working memory as a
limited-capacity workspace for temporary storage and proc-
essing of information. Working memory capacity was defined
by Baddeley in terms of limits within specialized temporary
storage structures and of a central executive that coordinates
and controls processing and storage operations. Capacity lim-
its of Baddeley’s working memory components were associ-

Tablc 4

Experiment 2 Correlation of Semantic Comparison Repeated
Trial Savings Residual With Verbal Knowledee and
Working Memory (WA ) Measures by Repetition

Tvpe (N =241

Repetition tvpe

Predictor Identity Synonym
Vocabulary test errors 19 36
Verbal WM task errors 23 .27
Numeric WM task errors 32 32

Note. A negative semantic comparison residual represented greater
savings: someone faster on repeated trials than predicted from original
trial times. Correlations greater than r = 18 were significantly differ-
ent from zero at p < .01.

ated more with controlled attention processes than with au-
tomatic activation as in Anderson’s model.

Previous research showed negligible relations between
measures of working memory corresponding to Baddeley’s
definition and repetition priming effects thought to reflect
automatic memory activation processes (Woltz. 1988. 1989).
These studies concluded that the two conceptualizations of
working memory represent separate processing capacity iim-
its. However, the previous studies measured savings only from
identity repetitions. Semantically primed repetitions may bet-
ter represent capacity-limited temporary activation processes.
given that spreading activation may be involved.

Correlations from Experiment 2 tested relations between
measures representing Baddeley’s working memory construct
and both semantic and identity priming effects. All priming
effects had modest correlations (.23 1o .32) with working
memory tasks. and correlations did not differ between seman-
tic and identity priming conditions. Even when unreliability
of measurement was taken into consideration. shared variance
between working memory and repetition savings was less than
20% in all cases. Thus, as concluded in previous studies
{(Woltz, 1988. 1989). activation and attention processes that
are central to popular working memory models secem to
represent largelv independent cognitive processing limits.

General Discussion

The primary question addressed by these experiments was
whether previous conclusions about memory representations
underlving repetition cffects in verbal tasks were valid when
semantic processing demands were increased. Previous re-
search. pnmarily using lexical decision and word identifica-
tion tasks. suggested that abstract semantic memory plays at
most a temporary role, while instance memory for encoded
features or encoding processes underlies highly persistent rep-
etition effects.

Two converging sources of evidence in the current studies
suggested conclusions similar to those from previous studies
using simpler processing tasks. First, repetition effects directly
attributable to abstract semantic memory were short-lived.,
while other repetition effects. including those directly attrib-
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
effects. while individual differerces in working memory cor-
related uniformly with all repetition effects. These findings in
conjunction with those from previous research suggest that
temporary and persistent components of repetition priming,
and their probable underlving memory representations, are
consistent across cognitive tasks that differ considerably in
semantic complexity,

As stated in the introduction to this article. repetition
priming ¢ffects may have direct relevance to theories of know -
edge and skill acquisition. Findings from scveral previous
studies support this view, Salasoo et al. (1985) demonstrated
that simple repetition effects in pscudoword identification led
to long-lasting lexical memory representations that appeared
similar to those for words acquired through normal language
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use. In research on skill acquisition, Masson (1986) demon-
strated that skill in identifying typographically transformed
words was dependent on repetition effects for specific letter
forms and combinations. Moreover, Kolers (1976) showed
that skill at reading inverted text, presumably built from
simple repetition effects, given the findings of Masson (1986).
persisted for at least a year without intermittent repetitions.
In combination. these studies suggest the possibility that
seemingly simple facilitation effects from repeated processing
events may be the building blocks for the acquisition of
complex and long-lasting skills.

Research on individual differences in skill acquisition has
provided additional evidence regarding the role of simple
repetition effects in more complex skill acquisition. Woltz
(1988) and Chaiken (1989) found that individual differences
in repetition priming effects from the semantic comparison
task predicted late but not early stages of skill acquisition.
These relations were interpreted in terms of a production
system model of skill acquisition. That is, extended practice
of initial production sequences was assumed to resuit in
composition, or direct associations between appropriate ter-
minal actions and all necessary conditions in the production
sequence. Production composition was hypothesized to rely
on the same memory mechanisms underlying simple repeti-
tions effects. The correlations between repetition priming
effects and performance during later stages of skill practice.
when composition was assumed to occur. supported this
hypothesis.

Although the relations between repetition effects and skill
acquisition reported by Woltz (1988) and Chaiken (1989)
were interpreted with respect to a production system model
of skill acquisition, the work of Masson (1986) suggests that
repetition effects may also correspond to memory mecha-
nisms assumed by instance theories of skill acquisition. In-
stance theories assume that each processing episode during
skill practice results in a separate memory representation and
that skill acquisition depends on growing data base of such
instances in memory (Logan, 1988). Obviously, a persistent
memory effect from single processing episodes is central to
such a theory.

The data presented here, in addition to previous findings,
provide some evidence regarding memory representations
underlying repetition effects. [t appears that regardiess of a
task’s semantic complexity. persisting repetition effects are
more readily attributable to instance-based memory for pre-
vious encoding than to strength changes in abstract memory
representations. However, given the relevance of repetition
priming to fundamental mechanisms assumed by both pro-
duction system models and instance theories of skill acquisi-
tion. a far more detailed understanding of this phenomenon
should be the goal of future rescarch.
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Appendix

Individual Difference Measures

Verbal Knowledge and Working Memory Task
Descriptions

Vocabulary test. This 1ask consisted of 32 multiple-choice vocab-
ulary items similar to those found in conventional pencil-and-paper
vocabulary tests. ltems consisted of a target word and five words as
response alternatives numbered 1 to 5. Subjects were instructed to
find the response alternative that was most similar to the target word
in meaning. Subjects responded by pressing the number key corre-
sponding to their choice.

All subjects received the same items in a fixed order. Accuracy
feedback was provided for 1.000 ms after each response. Instructions
to the test emphasized the importance of accuracy. not speed.

Verbal working memory. This task required subjects to maintain
a memory load of words in sequence and concurrently respond to
probes concerning the order and meaning of the words. On cach of
18 trials. subjects were presented with a set of three. four, or five
semantically unrelated one-syllable words to remember in sequence
(e.g.. wood, rich. poke, job). Following a 1,000-ms ger ready attention
cue, stimulus words were presented one at a time at a rate of 1,000
ms per word. Then, three multiple choice probes were presented
sequentially. Each probe presented a word trom the set with a number
ranging from -2 to +2 (¢.g.. poke —1). along with five response
alternatives (c.g.. occupation. jab. pony. lumber, wealthy). Subjects
were to interpret the word-number statement to find another word,
cither forward or backward in the list from the designated word. and
select its synonym from the five alternatives Owvealthy for the example
given).

Probes were constructed in such a way that words from different
locations in the list were probed with equal frequency. {n addition.
probe order was balanced with original list location.

There were 23 five-word fiaed order stimulus sets created for this
task. Eighteen stimulus sets were randomly selected for cach subject
and randomly divided among the three memory set sizes.

For tnals representing a memory set of five, all five words were
presented in the fixed list order. For four-word memory set trials. a
random choice was made to present Words 1-4 or Words 2-5 from
the fixed list order. For three-word memory set trals, a random
choice was made to present Words 1-3, 2-4, or 3-5 in order.

There were five multiple choice alternatives for each probe. These
represented the entire set of synonyms from the stimulus set for that
probe. For each probe of a list, the order of the five alternatives was
randomized.

Feedback was presented after all three probes for a list were
answered. Accuracy feedback (number correct out of three) was
presented tor 2.000 ms. This was followed by a 2.000-ms intertrial
time before the next ger ready cue. There was a 15-s time limit
imposed on all probe frames. If time was exceeded. there was a
message “Too much time.” and the subject was moved to the next
probe.

Numeric working memory. This task required subjects to perform
simple arithmetic computations and to remember the solutions for
expressions presented in five locations from left to right across the
computer screen. On some trials more than one expression was
presented per position in which case the most recent expression was
to be remembered. The number of expressions presented per tnal
varied from | (only the leftmost position) to 10 (two expressions per
position, presenting the first five left to right and then the second five
left to right).

Only one position was probed for recall per trnal. and each location
was probed an equal number of times across tnals. Each position was
probed once with 0. 1, 2. 3, and 4 subsequent expressions following
its presentation. Varving the aumber of subsequent expressions in-
volved different numbers of value replacements for different probe
positions. So. although probe position was crossed with number of
subsequent memon inputs. a confound existed between position,
number of subscquent inputs, and the number of position value
replacements required.

The trials described above constitute a S X § (Probe Position %
Number of Subsequent Memorny Inputs) factonal task design with
the noted confound. Five additional trial types were added in an
aticmpt to control for subjects’ attentiveness to position values that
were replaced. Because tnals representing the 8 xS design never
probed positions that had been replaced. subjects were potontialhy led
to ignore them. The five trial types added to the design probed cach
position once after all five positions had been presented and replaced.

Each subject was presented initial instructions and eight 1 -actice
items. Following the initial instructions, four sets of the 3 (s were
presented. Half of the tnials were presented at a rate of 750 ins per
stimulus position, and half at 1,500 ms per stimulus position The
order of trials was randomized for each subject.

The numeric expressions used only single digits and addition or
subtraction operators, and they all evaluated to single-digit solutions.
Also, expressions were generated in such a way that there were unique
values at cach position. and replacement values for a position could
not equal the original value. Expressions meeting these constraints
were randomly generated for each subject.
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Afler all anithmetic expressions for a given trial had been presented,
a probe frame appeared with blanks at each of the five positions and
a question mark in one position. Subjects responded by pressing a
number key from the top row of the keyboard. Accuracy feedback
was provided after each response for 500 ms. Between trials there was
a 1,000-ms delay of blank screen and a ger ready warning for 2,000
ms.

Verbal Knowledge and Working Memory Results

The vocabulary test had a mean percent error of 40.52 (SD =
18.79). A subset of the sample had previously taken the Armed
Services Vocational Aptitude Batterv (AsvAaB). which also contained
a vocabulary subtest. The correlation of the current vocabulary test
with ASVAB vocabulary was r = .77 (N = 330). Thus. the vocabulary
task appeared to adequately reflect differences in verbal knowledge
as measured by a standard paper-and-pencil vocabulary test.

The verbal working memory task had a mean percent error across
all tnal facets of 28.95 (SD = 15.65). Performance ervors by trial facet
are presented in Table Al. Asseen in Table Al. there was a substantial
effect of list length on performance errors. F(2, 458) = 705.45. p <
.001. and a smaller effect of probe order. (2. 458) = 47.13. p < .001.
There was also a small, but reliable List Length X Probe Order
interaction, F(4, 456) = 3.38. p < .01. with only the interaction of
linear components reaching significance in univariate tests, F(1. 459
= 6.97. p < 01. Thus. performance on the verbal working memory
task was consistent with Baddelev's ( 1986} model of working memory
which predicts more processing errors with concurrent memony and
processing demands.

The mean percent error for the numeric working memory task was
34.05 (SD = 15.73). Performance errors by trial facet are presented
in Table A2. As evident in Table A2. performance errars were a
function of presentation rate. F(1. 459) = 538.57. p < .001. prior
memory load (linear and quadratic components), F(2. 458) =
1.015.72. p < .001. and subseguent processing and memory load
(linear and quadratic components). /(2. 458) = 858.15. p < .001. In
addition. interactions were significant between rate and prior memory
load. F(2. 458) = 46.41, p < .001. rate and subsequent memory load.
F(2,458) = 12.62. p < .001. and prior and subscquent memory loads.
F(4. 456) = 163.19, p < .001. Thus. this task also conformed to
Baddeley’s conceptualization of working memory in that errors were
partly a function of concurrent processing and storage demands.

Correlations among verbal knowledge and working memory tasks
are presented in Table A3. Split-half internal consistency reliability
estimates are presented on the diagonal. As expected. the working
memory measures correlated with one another to a greater extent
than they did with verbal knowledge. Also as expected, the verbal
working memory task correlated higher with the verbal knowledge
measure than did the numeric working memory task.

Table Al
Verbal Working Memory Mean Percent Ervors by Trial
Tuvpe for Experiment 1 and 2 Combined (N = 4610)

Probe order

List length (LL) 1 2 k)
LL3
A 13.30 16.16 16.20
SD 18.41 18.98 20.06
LL 4
M 2094 27.28 27.57
SD 20.52 2111 2388
| B
RY) 42.36 47.79 48.99
SD 24 .87 2368 2398

Table A2
Numeric Working Memory Mean Percent Errors X Trial
Type for Experiment 1 and 2 Combined (N = 460)

Subsequent memory & processing load

Prior memory

load (PML) 0 1 2 3 4
Fast trials
PML O
M 7.17 1141 15.76  20.33  25.65
SD 18.16  24.14 2794 30.52 3421
PML |
M 11.52 20.33 28.37 34.13 39.67
SO 24.2 32.08 36.22 3732 3173
PML 2
k¥4 15.11 3043 4033 4750 6011
SD 2712 3490 3862 3733 37.50
PML 3
A 19.78 3793 53.48 59.89 68.59
SD 29.70 37.36 38.90 36.08 3394
PML 4
M 2315 4891 5554 5946 6239
SD 3182 38.19 9.15 3782 3889

Slow tnals

PML 0O
M S.9% 7.61 10.43 12,17 17.07
SD 1814 2053 2357 980y 30.02
PML 1
M 6.20 1261 1543 2098 3043
SD 1745 2586 2783 3200 3551
PML 2
M S.9% 1815 2467 57 4707
SD 17.53 0 2937 334 3676 37.30
PML 3
R¥ 891 2435 3978 4696  S543
SD 21,08 3408 36.21 38.51 IR0
PML 4
\f/ 750 26,63 38RO 41.74 50.54
SO 20016 3386 36.60  39.01 3981

In summary. tasks designed to measure individual differences in
verbal knowledge and working memory appeared to be satisfactory
for this purpose. Errors on both working memory measures corre-
sponded to general predictions made by Baddelev's (1986) working
memory model. All performance scores showed sufficient and com-
parable internal consistency reliability, and correlations among tasks
conformed to convergent and discriminant construct validity predic-
tions,

Table A3

Correlations Among Verbal Knowledge and Working
Memory Measures (W) for Experiments 1 and 2
Combined (N = 460)

Variable ! 2 K]
1. Vocabulary “ errors &7 29 09
2. Verbal WM % errors 89 44
3. Numeric WM % crrors o0

Note, Correlations greater than r = .13 were significantly difterent
trom z¢cro at p < 01,
* Split-halt rehabihity estimate.
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