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Repetition priming is a facilitation or a bias in perfor-
mance on a stimulus that results from past experience with
the stimulus. It manifests experimentally as faster reaction
time (RT), improved accuracy, or bias toward one response
over another (Jacoby & Dallas, 1981; Jacoby & Wither-
spoon, 1982; McAndrews & Moscovitch, 1990; Ratcliff &
McKoon, 1996; for reviews, see Roediger & McDermott,
1993; Schacter, 1987). Repetition priming happens inde-
pendently of people’s awareness or conscious control.
Tests based on the repetition priming phenomenon, such
as word or picture identification (Jacoby, Baker, & Brooks,
1989; Jacoby & Hayman, 1987) and word stem comple-
tion (Graf & Schacter, 1985; Graf, Squire, & Mandler, 1984;
Shimamura & Squire, 1984), have been used to investigate
the relation between declarative and procedural, or explicit
and implicit, memories.

The transfer-appropriate processing (TAP) principle is
a conceptual rule for reasoning about and investigating
memory phenomena including repetition priming (Franks,
Bilbrey, Lien, & McNamara, 2000). Originally proposed as
a principle for studying explicit memory retrieval (Brans-
ford, Franks, Morris, & Stein, 1979; Morris, Bransford, &
Franks, 1977), TAP claims that the specific processing of
specific stimuli will facilitate later processing of the same
stimuli to the extent that the earlier and the later events
have overlapping processes. TAP differs from and comple-
ments the encoding specificity principle (Tulving, 1979;
Tulving & Thomson, 1973) in that it emphasizes the match
of the dynamic processing on study and test stimuli, in
contrast to representations of study and test stimuli per se.

In the present study, the specificity of repetition 
priming—that is, the specificity of transfer between se-
mantic classification tasks—was examined. From a strict
TAP perspective, repetition priming should be highly task
specific and sensitive to the similarity between study and
test tasks. TAP is a methodological rule for reasoning
about the relations between tasks. Whenever there is rep-
etition priming, there must be overlapping cognitive
processes between the study and the test tasks. However,
TAP by itself does not make any specific predictions about
the relations between tasks (Franks et al., 2000; Gorfein &
Bubka, 1997). A basic question in implicit memory is
what structure of memory mediates repetition priming. It
is possible to use the TAP principle to empirically map out
the relations between various classification tasks and,
thereby, to reveal the organization of the implicit memory
space post hoc from experiment results. However, the
range of possible classification tasks is unlimited, and ran-
dom selection of tasks is very ineffective. Some method-
ological strategy concerning the relation between various
classification tasks is needed. The semantic differential
framework (Osgood, Suci, & Tannenbaum, 1957) was
adopted as the theoretical basis for deciding similarity re-
lations among semantic classification tasks in the present
work. The hypothesis is that repetition priming in seman-
tic classifications will vary in relation to the degree of
overlapping cognitive processes on the same dimensions
of the semantic differential space.

Previous applications of TAP to memory phenomena
tended to distinguish between perceptual and conceptual
processes or between explicit and implicit memories in gen-
eral (Roediger, 1990; Roediger, Weldon, & Challis, 1989;
Schacter, 1992). For example, it was known that concep-
tually driven tasks benefited most from generating the tar-
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scales was maximized. Consistent with the transfer-appropriate processing framework, repetition prim-
ing in semantic classifications was highly task specific, decreasing with increasing distance between
classification scales.
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get, whereas data-driven tasks were performed best when
subjects read the targets (Blaxton, 1989, 1992; Jacoby,
1983). Dissociation among conceptual tests was regarded
as a problem for the TAP approach (McDermott & Roedi-
ger, 1996), although it was also noted that “a distinction
between perceptual and conceptual processing is likely
too rough and that more f ine-grained distinctions are
needed” (Roediger & McDermott, 1993, p. 118).

Instead of associating repetition priming with general
perceptual or conceptual processing, more recent studies
have highlighted the specificity of transfer between dif-
ferent tasks (Franks et al., 2000; Gorfein & Bubka, 1997;
Thompson-Schill & Gabrieli, 1999; Vriezen, Moscovitch,
& Bellos, 1995). The experiments in these studies typically
had a two-phase, cross-task design. Subjects performed
one or two different tasks at the study phase. They then
performed the same or a different task at the test phase,
with half the items constant and the other half new for the
task. Repetition priming was calculated as the difference
in RT between old and new items at test. Even though the
study and the test tasks might be different, the facilitation,
if any, was considered repetition priming because the
stimuli were held constant. Maximum priming was ob-
served when the study and the test involved the same task.
When the study and the test tasks differed, there was either
some or no transfer, depending on the specific tasks in-
volved.

Like the present study, Vriezen et al. (1995) and
Thompson-Schill and Gabrieli (1999) assumed that repe-
tition priming would reflect the similarity between se-
mantic classification tasks. These studies differed from
the present study in that they approached the similarity re-
lation between tasks from a domain-specific knowledge
perspective. They postulated that semantic information
might be organized according to domain-specific attrib-
utes (e.g., structural/visual or functional). Classification
tasks were considered similar if they accessed the same
semantic attributes. Vriezen et al. found some transfer
when size (“Is it larger than a breadbox?”) and relative di-
mension (“Is it taller than it is wide?”) classifications were
crossed. No priming was detected between size and man-
made classification tasks. Thompson-Schill and Gabrieli
replicated the transfer between same-domain tasks. How-
ever, they also noticed small but consistent priming when
the study and the test tasks accessed supposedly distinct
semantic domains. They theorized that there might be both
specific and nonspecific semantic systems or that domain-
specific attributes might interact. These different conclu-
sions regarding cross-domain priming might have resulted
from a methodological difference (Thompson-Schill and
Gabrieli mixed, instead of blocked, different classifica-
tions during study). Or they might suggest that domain-
specific knowledge by itself is not sufficient for under-
standing the relations between semantic classification
tasks or the structure of implicit memory space.

On the other hand, Vaidya et al. (1997, Experiment 7)
found statistically equivalent amounts of priming in an
abstract/concrete classification task following either the
same or a shallow study task (deciding whether the word

appeared in upper- or lowercase). According to Vaidya et al.,
the abstract/concrete classification test is characterized by
noncompetitive access of conceptual knowledge—that is,
the direct access of one particular entry in conceptual
knowledge—as opposed to competitive access, where
multiple entries were accessed upon presentation of a cue,
as in category-cued generation. When the memory test re-
quires noncompetitive access, any encoding task that elic-
its the retrieval of the word during study may lead to full
priming. If this is true, repetition priming in semantic clas-
sification tasks should be the same regardless of the sim-
ilarity between study and test classifications.

With a unique way of determining the similarity relation
among semantic classifications, the present work provided
an alternative way to study the implicit memory space, as
well as convergent evidence that repetition priming across
semantic classifications is sensitive to the similarity be-
tween study and test classifications. The semantic differ-
ential is a framework for measuring the connotative mean-
ing of words in semantic space. The space is defined by a
set of orthogonal semantic dimensions. A word or concept
in semantic space is similar to a point in Euclidean space,
having projections to all the dimensions. To identify the
major dimensions of semantic space, Osgood et al. (1957)
had subjects rate words on a set of semantic scales (polar
terms, such as good/bad and large/small ). They then used
factor analysis on correlations between these scales to iso-
late major semantic factors (i.e., dimensions). The first
three most prominent factors were identified as the evalu-
ation, potency, and activity factors in order of the propor-
tion of variance accounted for. Typical scales reflecting
the evaluation dimension were good/bad, kind/cruel, and
ferocious/peaceful. Typical scales of the potency dimen-
sion were large/small and strong/weak. Fast/slow and
sharp/dull were representative of the activity dimension.
Additional factors were extracted in other studies, but the
evaluation, potency, and activity factors remained the
most prominent (Bentler & LaVoie, 1972; Tzeng, 1975;
Tzeng & May, 1975; Wickens & Lindberg, 1975).

From the perspective of the semantic differential frame-
work, the meaning of a word varies multidimensionally in
the semantic space. Something judged good may also be
judged strong (e.g., hero). If the scales used for classifi-
cation tasks load heavily on orthogonal dimensions, they
are assumed to be independent of each other. Being good
is independent of being strong, and vice versa. In relation
to the TAP principle, it is assumed that there is little or no
overlap in cognitive processing between the good/bad and
the strong/weak classifications. In contrast, if classifica-
tion scales have significant projections to the same se-
mantic dimension(s), there is assumed to be overlapping
processes between them. For instance, large/small and
hard/soft both have significant projections to the potency
dimension (Osgood et al., 1957). Symmetrical repetition
priming was demonstrated between big/small and hard/
soft classifications by Franks et al. (2000).

In the present study, it was presumed that the similarity
between semantic classifications can be determined by the
extent of overlapping cognitive processes on the same se-
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mantic dimensions. To make the similarities more amenable
to manipulation, the psychological distance between differ-
ent classifications was calculated. According to Osgood
et al. (1957) and the geometric model of similarity (Shep-
ard, 1980, 1987), the similarity between two stimuli is in-
versely related to the distance between their representations
in the multidimensional psychological space. By extending
this assumption to the psychological task space, similarity
between classifications can be manipulated by selecting
scales with varying distances in the semantic space. The pre-
diction was that the amount of repetition priming should
change as a negative function of the distance between scales.

Eighteen experiments were conducted in the present
study. Experiments 1–17 used the same cross-task design
as that in Franks et al. (2000). A general method for these
experiments is reported because they employed the same
basic design and procedure. The results from Experi-
ment 1–17 were analyzed together, too. Consistent with the
hypothesis, maximum repetition priming happened when
the study and the test classification tasks were the same,
intermediate degrees of priming were found with an in-
termediate distance between classification scales, and lit-
tle priming was observed when the study and the test clas-
sification scales fell on orthogonal dimensions—that is,
when the distance between the scales was maximized. Ex-
periment 18 showed that the relation between semantic
distance and repetition priming is not an artifact of re-
sponse mapping. This experiment is reported separately.

EXPERIMENTS 1–17

General Method
Subjects. Four hundred thirty-two subjects participated in Exper-

iments 1–17. They were students in undergraduate psychology
courses at Vanderbilt University, who participated in the study for
course credit. They had normal or corrected-to-normal vision. All the
subjects signed a consent form to participate in the study.

Design. The transfer pattern between two semantic classification
tasks was studied in a series of experiments. The two classifications
could be either the same or different from each other, which consti-
tuted the same- and the cross-transfer conditions. A basic experi-
mental design (Design A) and two variations (Designs B and C)
were used in the study. Design A was a 2 (test classification) 3 2

(item type) within-subjects design, as is illustrated in Figure 1. The
subjects contributed to both same- and cross-transfer conditions.

Because of the particular pairing of classifications across experi-
ments in this study, some of the same-transfer conditions could have
been performed multiple times if only Design A had been used. De-
signs B (Experiment 9) and C (Experiments 10–17) consequently were
employed to reduce redundancy. They focused on cross-transfer con-
ditions only. In Design B, the subjects performed two test classifica-
tions, both of which differed from the study classification . In Design C,
the subjects performed a classification task that differed from the
study classification for two successive blocks. The results were an-
alyzed according to transfer conditions, instead of experiments.

Tasks. Six semantic scales, represented by bipolar adjective word
pairs, such as pleasant/unpleasant and strong/weak, were used for
the classification tasks. For instance, in strong/weak classification,
the subjects decided whether an item referred to something strong
or weak. Scales were selected according to a comprehensive con-
sideration of three study results in Osgood et al. (1957, Analyses I
and II and the thesaurus study). 1 Table 1 contains the relevant data
from Osgood et al., Analysis I. Pleasant/unpleasant and valuable /
worthless loaded mainly on the evaluation factor. Strong/weak
loaded mainly on the potency factor. Fast/slow loaded exclusively on
the activity factor. Two scales were chosen to be intermediate, in
which case they loaded on at least two orthogonal factors: The active/
passive pair loaded on both potency and activity factors, and the
young/old pair loaded evenly on all three semantic factors.

There were three major groups of transfer conditions, in accor-
dance with the distance between study and test classification scales.
Repeating scales (same-transfer conditions) for study and test clas-
sifications constituted the group of minimum distance conditions.
There were six same-transfer conditions for six semantic scales.
Maximum distance between scales was achieved by crossing scales
loaded heavily and relatively exclusively on orthogonal factors for
study and test classifications: six binary combinations of pleasant /
unpleasant , strong/weak, and fast/slow, with transfer direction (the
order of study and test classifications) taken into account. The in-
termediate group consisted of pairs of scales loaded on common fac-
tor(s): pleasant/unpleasant and valuable /worthless , strong/weak and
active/passive , fast/slow and active/passive , pleasant /unpleasant
and young/old, and fast/slow and young/old. There were 10 inter-
mediate conditions when transfer direction was taken into account.
All together, there were 22 unique transfer conditions in the study.

The distance between scale i and scale j was calculated, using
their loadings (l) on the four factors ( f124) in Table 1, with the dis-
tance formula, Dij 5 [å (lf i 2 lf j)2]1/2. The distance between repeat-
ing scales was presumed to be zero. Dij could assume any value be-
tween zero and one. The value of Dij ranged from zero to .93 in the
present study, as is presented in Table 2.

Figure 1. Basic experimental design (Design A).
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A total of 26 same- and cross-transfer conditions were actually
tested in this study, which are listed in Table 3. There were four repli-
cations: strong /weak–strong /weak (twice), valuable /worthless–
pleasant /unpleasant , and young/old–pleasant /unpleasant .

Items. Experimental items were selected from a set of 156 words,
which had a mean frequency of 170 per million (SD 5 162 per mil-
lion; Ku†cera & Francis, 1967). The length of words varied between
3 and 11 characters. In each experiment, there were 80 experimental
items and 24 practice items (16 practice items for the Design C ex-
periments), which were evenly divided into four subsets. For exam-
ple, if the transfer condition under study was pleasant /unpleasant–
strong/weak or strong/weak–pleasant/unpleasant , the study and the
test lists were of equal numbers of items that could be judged as
pleasant and strong, pleasant and weak, unpleasant and strong, and
unpleasant and weak. This was achieved by selecting words accord-
ing to their scores on relevant semantic factors (Heise, 1965) when-
ever possible—that is, when the scales under study were orthogonal
to each other. In this example, the relevant factors were the evalua-
tion and the potency factors, given that pleasant /unpleasant and
strong/weak loaded exclusively on the evaluation and the potency
factors, respectively. Equal numbers of words with positive scores
and negative scores on the evaluation or the potency factor were se-
lected. Positive scores were associated with pleasant or strong; neg-
ative scores were associated with unpleasant or weak. These subsets
of items were selected to have the same mean scores on the relevant
semantic factors, to equate word-specific influences on repetition
priming between classification tasks. For example, the word steel
scored 4.60, whereas lake scored only 20.22, on the potency factor.
It could be much easier/faster for subjects to classify steel than lake
on the strong/weak scale. Equalizing the average scores of the sub-
sets controlled for such confounds. The same items were used for
both transfer directions between a pair of tasks. Experimental items
from the present study are presented in the Appendix for reference.

Procedure. There were two phases in the experiments. During the
study phase, the subjects performed a classification task, such as

pleasant /unpleasant , on 40 items. In the test phase of the Design A
experiments (Experiments 1–6), the subjects performed the same
classification task as that in the study phase, as well as a different
classification. These classification tasks were blocked, with 20 old
and 20 new items in each classification . The items from the study phase
were divided into two complementary sets of 20 items each. They
constituted the old items for the two test classifications. There was
a total of 120 experimental trials. There were also 24 practice trials,
8 before each block. Repetition priming was defined as the differ-
ence in RT for new and old items at test—that is, RP 5 RTnew 2
RTold. The order of test classifications, old versus new word sets,
and two complementary old word sets were counterbalanced. Pre-
sentation order of items was randomized for each subject. There was
a 30-sec break between blocks.

In the Design B experiment, the subjects performed two test clas-
sifications, both of which differed from the study classification. In
the Design C experiments, the subjects performed a classification
task that differed from the study classification for two successive
blocks. There was no practice trial before the second block of the test
classification. All other aspects of the Design B and C experiments
were the same as those in Design A.

The subjects were tested individually. Task instructions and ma-
terials were presented on 8088 personal computers in 80-column
lowercase font, in the default display color of green or orange. Each
letter was about 2.5 3 2.5 mm or 2.5 3 5 mm (with extender) in
size. The instructions included examples and stated that there was no
right or wrong answer in the tasks. The subjects were asked to re-
spond as soon as they had an impression of the meaning of the words
with regard to the classification task, instead of spending a lot of
time thinking about the classification. The subjects read the instruc-
tions and were then presented words one at a time for classification.
They indicated different responses by pressing the “Z” or the “/?”
key on the keyboard (e.g., “Z” for pleasant and “/?” for unpleasant
classification). The dominant hand was assigned to positive classi-
fications: pleasant , valuable , strong, active, fast, and young.

Each trial began with a ready signal (*) that appeared in the mid-
dle of the screen for 500 msec. It was followed by the presentation
of a word, which remained on the screen until the subject responded.
The interval from the previous trial response to the next ready sig-
nal was 1,500 msec. The presentation order, response type, and RT
were recorded for every experimental item.

Results and Discussion
Because there were no right or wrong answers in this

study, all the trials were entered into the first analysis. An
alpha level of .05 was used for all statistical tests. Repeti-
tion priming effects (RTnew 2 RTold ) were analyzed with
paired-sample t tests for all transfer conditions. The re-
sults are reported in Table 3. Three conditions were repli-
cated in order to assess the reliability of the methods and
results: strong/weak–strong/weak, valuable/worthless–
pleasant/unpleasant, and young/old–pleasant/unpleasant.
The results were reliable across replications, so the origi-

Table 1
Scales Used and Their Loadings on the Semantic Factors

Semantic Factors

Scale I II III IV h2

Pleasant/unpleasant .82 2.05 .28 2.12 .77
Valuable/worthless .79 .04 .13 .00 .64
Strong/weak .19 .62 .20 2.03 .46
Active/passive* .14 .04 .59 2.02 .37
Fast/slow .01 .00 .70 2.12 .50
Young/old .31 2.30 .32 .01 .29

% of total variance 34 8 6 2 49
% of common variance 69 15 13 3 100

Note—Adapted from Osgood et al. (1957), Analysis I. Factors I, II, and
III correspond to the evaluative, potency, and activity factors. *Active/
passive was considered an intermediate scale because it was highly
loaded on both potency and activity factors in Analysis II and the the-
saurus study.

Table 2 
Osgood Distance Between Semantic Scales Tested in the Present Study

Scale pu vw sw ap fs yo

Pleasant/unpleasant (pu) .00 .21 .93 .91 .58
Valuable/worthless (vw) .00
Strong/weak (sw) .00 .70 .82
Active/passive (ap) .00 .20
Fast/slow (fs) .00 .58
Young/old (yo) .00
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nal conditions and replications were collapsed together in
later analyses (see the bottom part of Table 3).

Mean repetition priming was calculated for the minimal,
intermediate, and maximal distance task groups, collapsing
across specific transfer conditions in each group.2 Maximum
repetition priming occurred in the same-transfer (i.e., min-
imal distance) group (M 5 138 msec, SE 5 13 msec. An
intermediate level of repetition priming was found in the
cross-transfer, intermediate distance group (M5 60 msec,
SE 5 11 msec). No repetition priming was detected in the
cross-transfer, maximal distance group (M 5 21 msec,
SE 5 13 msec), even though the same stimuli were
processed at study and test.

Figure 2 displays the repetition priming for all the trans-
fer conditions. The transfer conditions are organized with
increasing Osgood distance between study and test scales
along the abscissa. The first six conditions are same-transfer
conditions; the last six conditions are cross-transfer, max-
imal distance conditions, with scales representing orthog-
onal dimensions. Repetition priming varied in relation to

the semantic differential distance between study and test
scales. The correlation between repetition priming and
Osgood distance was 2.80 ( p , .001).

Although priming effects between some pairs of tasks
seemed to be asymmetrical, none of the comparisons was
significant. For example, a relatively large asymmetry in-
volved an 82-msec repetition priming effect from pleasant/
unpleasant study to valuable/worthless test, whereas rep-
etition priming in the reverse direction was 22 msec. How-
ever, this difference was not statistically reliable [t(74) 5
1.23, p . .2].

In terms of the type of response—that is, whether an
item should be rated positively or negatively on a scale—
there was no correct answer in the present study. Response
consistency was analyzed as an attempt to (1) check the
validity of the responses and (2) examine the effect of
stimulus-to-response mapping on RT and, more impor-
tant, on repetition priming. If a subject gave the same hand
response to the same item at test as in study, it was con-
sidered to be consistent whether the test classification dif-

Table 3
Reaction Times, Repetition Priming Effects, and Consistency Rates for Experiments 1–17

Cons RTnew RTold RP RTcons RPcons
Experiment N Study Test (%) (msec) (msec) (msec) t (msec) (msec) tcons

Design A
1 32 pleasant/unpleasant pleasant/unpleasant 93 1,059 908 151 4.58*** 894 165 4.89***

strong/weak 53 1,177 1,181 2 4 20.15 1,196 220 20.38
2 32 valuable/worthless valuable/worthless 88 1,246 1,031 215 4.74*** 979 267 5.33***

pleasant/unpleasant 70 1,160 1,152 9 0.24 1,080 80 2.12*
3 32 strong/weak strong/weak 83 1,245 1,057 188 4.45*** 1,033 213 4.96***

pleasant/unpleasant 53 1,179 1,168 12 0.38 1,169 10 0.29
4 32 strong/weak strong/weak 89 1,139 964 176 4.90*** 933 207 5.85***

active/passive 69 1,122 1,090 32 0.95 1,052 70 2.14*
5 32 strong/weak strong/weak 88 1,131 945 186 5.94*** 921 210 6.92***

fast/slow 62 1,197 1,248 251 21.59 1,173 24 0.87
6 32 active/passive active/passive 87 1,087 996 91 2.97** 976 112 3.51***

strong/weak 71 1,218 1,137 81 1.89 1,065 152 3.50***
7 32 fast/slow fast/slow 84 1,150 1,021 129 3.54*** 1,001 149 3.82***

young/old 66 1,118 1,068 50 1.43 1,041 78 1.96
8 32 young/old young/old 77 1,139 1,030 109 2.93** 1,010 129 3.06**

pleasant/unpleasant 58 982 963 19 0.71 957 25 0.83

Design B
9 32 fast/slow strong/weak 61 1,202 1,177 26 0.89 1,172 31 0.87

active/passive 70 1,146 1,088 58 1.57 1,058 88 2.32*

Design C
10 16 pleasant/unpleasant valuable/worthless 75 1,353 1,271 82 2.22* 1,200 154 3.86**
11 28 valuable/worthless pleasant/unpleasant 65 1,066 1,033 34 1.16 984 82 2.61*
12 16 pleasant/unpleasant fast/slow 52 1,207 1,218 211 0.56 1,156 51 1.32
13 16 fast/slow pleasant/unpleasant 49 1,006 991 16 0.73 978 28 0.89
14 16 pleasant/unpleasant young/old 60 1,286 1,251 35 0.75 1,164 123 2.53*
15 20 young/old pleasant/unpleasant 56 971 983 212 20.62 943 29 1.07
16 16 young/old fast/slow 64 1,263 1,186 77 2.49* 1,124 139 3.63**
17 16 active/passive fast/slow 80 1,207 1,109 98 3.86** 1,019 189 4.99***

Combined Results for Replicated Conditions
96 strong/weak strong/weak 87 1,172 989 183 8.72*** 962 210 10.05***
60 valuable/worthless pleasant/unpleasant 68 1,116 1,094 22 0.90 1,035 81 3.28**
52 young/old pleasant/unpleasant 57 978 971 7 0.41 952 26 1.26

Note—Column “Cons” lists the percentage of consistent responses to old items at test in any given condition. Mean error can be calculated with
RP/t or RPcons /tcons . *p , .05. **p , .01. ***p , .001.
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fered from the study classification or not. For example,
when a subject made a dominant hand response to the item
“flower” at pleasant–unpleasant study (indicating pleas-
ant) and he/she again made a dominant hand response to
“flower” in the strong–weak test classification (indicating
strong), the test response was considered to be consistent.
If he/she made a nondominant hand response in the strong–
weak test (indicating weak), the test response was counted
as inconsistent.

The percentages of consistent responses for each con-
dition are listed in Table 3. The average consistency rate
in the same-transfer conditions was 86%, ranging from
77% to 93%. Although RTs in the present study were longer

than those in some other studies with semantic classifica-
tion tasks (Franks et al., 2000; Vaidya et al., 1997; Vriezen
et al., 1995; but see also Thompson-Schill & Gabrieli,
1999), the moderately high consistency rates in the same-
transfer conditions indicated that the validity of the re-
sponses in the present study was not compromised by
some relatively unusual judgments. That the RT analysis
with only consistent responses exhibited essentially the
same pattern as the above analysis also suggested that RTs
in the present study were long but valid (see below).

The consistency rates in cross-transfer conditions ranged
from 49% to 80%. Note that, simply on the basis of the
methodological arrangement of test items into subsets, the

Figure 2. Mean repetition priming (RP) and repetition priming for consistent responses (RPcons ). Error
bars stand for SEs. Transfer conditions are organized with increasing Osgood distance between study and
test scales along the abscissa. The first six conditions belong to the same-transfer (i.e., minimal distance)
group. The last six conditions belong to the cross-transfer, maximal distance group.
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expected consistency rate for cross-transfer conditions
was 50% (see the Items section). The consistency rates be-
tween classifications representing orthogonal dimensions
of the semantic space approximated the expected 50%.
However, responses for items in the intermediate distance
group at test were biased toward the same (i.e., consistent)
responses that were made during study. In fact, overall
there was a large negative correlation between consistency
rate and the Osgood distance between scales (r 5 2.90,
p , .001).

Given the negative correlation of consistency rate and
Osgood distance between scales, if there were to be a 
benefit/cost in RT for making the same/different motor re-
sponse to the same item, this benefit/cost from stimulus-
to-response mapping could lead to more repetition prim-
ing in conditions with more consistent responses. Yet
previous work by Logan (1990) has suggested otherwise.
Logan examined the effects of consistent stimulus-to-
response and stimulus-to-interpretation mapping and
found that only stimulus-to-interpretation mapping had an
effect on priming. In the present study, RTs for consistent
responses were faster than RTs for new items in the min-
imal and intermediate distance groups, but not in the max-
imal distance group (see Figure 3). This pattern reflected
facilitation from consistency of interpretations, rather
than of overt responses per se.

Furthermore, to equate any effect of stimulus-to-
response mapping across transfer conditions, the RTs for
old items were recalculated using only consistent re-
sponses. Repetition priming was recalculated as RPcons 5
RTnew 2 RTcons. The results are presented in Figure 2. For
the same-transfer, minimal distance conditions and the
cross-transfer, intermediate distance conditions, the size
of the repetition priming is, in general, greater in this
analysis than in the first analysis, which combined consis-
tent and inconsistent responses. Priming effects in cross-
transfer, maximal distance conditions remained non-
significant. The correlation between RPcons and Osgood

distance stayed high (r 5 2.77, p , .001). The results
from consistent responses agreed with the previous analy-
sis. These results nicely support the hypothesis that simi-
larity in connotative meaning between semantic scales, as
measured by the semantic differential, reflects degree of
overlap of processing in classification tasks and that this
overlap in processing is directly related to the degree of
repetition priming between tasks.

The correlation between consistency rate and semantic
distance could be a manifestation of preexperimental co-
variation of item properties, which has no direct relation
with transfer between classification tasks.3 For any stim-
ulus, the properties being judged at study and test tend to
covary when the scales are more similar to each other—
that is, when the semantic distance between scales is
small. For example, the distance between fast/slow and 
active/passive is smaller than that between fast/slow and
pleasant/unpleasant. Something being fast is likely asso-
ciated with its being active, but it does not have to be
pleasant. This will lead to more consistent responses to
old items when scales with smaller distances are crossed.

EXPERIMENT 18

The consistency analysis for Experiments 1–17 indi-
cated that stimulus-to-response mapping did not affect
transfer patterns between semantic classification tasks.
However, all positive responses (pleasant, valuable, strong,
active, fast, and young) were mapped to a subject’s domi-
nant hand in the above experiments. The effect of motor
response mapping, if any, could not be addressed directly
in those experiments. Experiment 18 was designed to in-
vestigate the possible influence of response mapping on
repetition priming in semantic classifications. If reversing
the response mapping between study and test classifica-
tions were to reduce or eliminate the priming effects, it
would be evidence that the negative correlation between
repetition priming and semantic distance resulted from the
covariation of item properties. In contrast, if response
mapping were to have no effect on priming effects, it would
suggest that task transfer happened in relation to the se-
mantic distance between classifications in the previous
experiments.

Pleasant/unpleasantand valuable/worthless classifica-
tions were selected as the tasks for Experiment 18. This
provided us with an extra chance to look at the possible
asymmetrical transfer pattern between these classifications.

Method
Participants. Sixty-eight undergraduate students from the Van-

derbilt University participated in the experiment for course credit.
All the subjects signed a consent form for participation.

Items. There were 136 word items in the experiment, 96 experi-
mental items and 40 practice items. Of the experimental items, 80
were from previous experiments on pleasant/unpleasant and valuable /
worthless classifications. Another 16 items were added to fill the
present mixed factorial design, so that there would be 12 items in
each cell. The mean frequency for experimental items was 141 per
million (the word “bagel” has no corresponding entry in the norm;
SD 5 143 per million; Ku†cera & Francis, 1967).

Figure 3. Mean reaction times for consistent and inconsistent
responses to old items and to new items in the minimal, interme-
diate, and maximal distance groups. Error bars stand for SEs.
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Procedure. Experiment 18 had a 2 (study classification) 3 2 (test
classification) 3 2 (response mapping) 3 2 (item type) mixed fac-
torial design. The subjects could be divided into two groups, de-
pending on whether they had a pleasant /unpleasant or a valuable /
worthless classification at study. For half of the subjects from each
group, the positive response (pleasant or valuable) was mapped to
the dominant hand during study. For the other half of the subjects,
the positive response was mapped to the nondominant hand. Forty-
eight experimental trials were presented in a single block during
study. All the subjects then performed both the same and the other
classification at test. The test trials were presented in four blocks,
two for each classification task. One of these two blocks had the
same response mapping as the study phase; the other block had the
reversed mapping. Twenty-four experimental trials were presented
in every test block, half of which involved old items from the study
phase and the other half of which consisted of new items. The order
of the test classifications and response mapping was counterbal-
anced across subjects. Words were counterbalanced across test clas-
sifications and response mapping and were randomly assigned to
old versus new word status. For both study and test blocks, there
were eight practice trials at the beginning of each block and a 30-sec
break after each block.

The testing instructions and presentation sequences were the same
as those described in Experiments 1–17. The presentation order, re-
sponse type, and RT were recorded for experimental items.

Results and Discussion
With a more complicated design, Experiment 18 had

fewer trials in each cell than did Experiments 1–17. To get
more stable data, average RTs were calculated for each
subject. Data from 4 subjects with extremely long RTs
(more than two standard deviations away from the mean
RT across all subjects) were replaced with data from an-
other 4 subjects. There were 64 subjects in the analysis.

A mixed ANOVA was performed on the data. The
means are listed in Table 4. No main effect of response
mapping was observed. There was a significant main ef-
fect of item type [F(1,62) 5 49.82, MSe 5 26,900.87, p ,
.001]. RTs to old items were faster than RTs to new items
in general. Unlike in previous experiments, there was a
sign of task learning in Experiment 18, as manifested by
the main effect of test classification [F(1,62) 5 25.68,
MSe 5 36,422.45, p , .001]. A test classification was per-
formed more quickly if it was the same as the study clas-
sification.

No interaction involving response mapping was signif-
icant except for the interaction between study classifica-
tion and response mapping [F(1,62) 5 4.45, MSe 5

52,950.01, p , .05]. The group of subjects who had the
pleasant/unpleasant classification at study was slowed
down by 40 msec by the reversed response mapping at
test. In contrast, the valuable/worthless group sped up by
44 msec with the reversed mapping. This interaction most
likely arose from the particular task/item combination in
the present experiment.

There was an interaction between study and test classi-
fications [F(1,62) 5 12.21, MSe 5 36,422.45, p , .001].
There was also a significant three-way interaction be-
tween study classification, test classification, and item
type [F(1,62) 5 4.09, MSe 5 30,387.91, p , .05]. Visual
inspection of the means suggested that these interactions
were due to the fact that the valuable/worthless classifi-
cation took longer and that it received more priming than
did the pleasant/unpleasant classification at test, rather
than being due to an asymmetrical cross-transfer pattern
between pleasant/unpleasantand valuable/worthless clas-
sifications. For the pleasant/unpleasant test, the priming
effect was 43 msec less following the valuable/worthless
classification (cross-transfer) than following the pleasant/
unpleasant classification (same-transfer), collapsing
across response-mapping manipulations. For the valuable/
worthless test, the difference between pleasant/unpleas-
ant (cross-transfer) and valuable/worthless (same-transfer)
study conditions was 38 msec. A planned comparison
showed that these differences, 43 and 38 msec, were not
statistically different from each other [t(62) 5 0.09, n.s.].
No asymmetry was found in the transfer pattern between
pleasant/ unpleasant and valuable/worthless classifica-
tions. No other effects in this experiment were statistically
reliable.

Overall, the results from Experiment 18 confirmed that
stimulus-to-response mapping has no effect on the repeti-
tion priming pattern between semantic classification tasks.
The transfer pattern between pleasant/unpleasant and
valuable/worthless classifications is fairly symmetrical.

GENERAL DISCUSSION

In the present study, the similarity between study and
test semantic classifications was manipulated by selecting
classification scales with varying distance in the semantic
space. Repetition priming at test decreased with increas-
ing distance between study and test classification scales.

Table 4
Reaction Times and Repetition Priming Effects for Experiment 18 (in Milliseconds)

Same Mapping Reversed Mapping

Study Test RTnew RTold RP RTnew RTold RP

Group 1
Pleasant/unpleasant pleasant/unpleasant 972 891 80 1,051 946 105

valuable/worthless 1,168 1,035 133 1,165 1,070 96

Group 2
Valuable/worthless valuable/worthless 1,090 938 151 1,033 880 154

pleasant/unpleasant 1,043 1,011 32 1,030 963 67
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No reliable effect of response mapping on the repetition
priming pattern between classifications was found.

For any particular semantic classification task, maxi-
mum repetition priming in that classification task was ob-
served when the study task involved the same classifica-
tion. This replicated previous findings by Franks et al.
(2000) and Vriezen et al. (1995), which also showed max-
imum repetition priming in same-transfer conditions.
Also noticeable in the present study was that although
same-transfer conditions exhibited the most repetition
priming as a group, the range of priming effects within
this group was large, from 91 to 215 msec. The current
distance hypothesis would seem to predict that priming ef-
fects in same-transfer conditions should be about the
same, because the distance between study and test classi-
fication scales is the same—namely, zero distance. How-
ever, although the distance hypothesis was generally sup-
ported in the present study, other sources could affect the
size of repetition priming effects as well.

Consider two such sources that could lead to the vari-
ability observed in same-transfer conditions. First, there
might be a scaling effect. RTs differed from classification
to classification in the present study. The longer it took to
perform a classification task, the more repetition priming
the items tended to receive during the test classification.
In Experiments 1–17, the Pearson correlation between
repetition priming and RT to new items in same-transfer
conditions was .71 ( p 5 .12). The correlation is not sig-
nificant, but there were only six observations in the cor-
relation. Second, the self-similarity of the concepts (Barsa-
lou, 1989, 1993) being judged (e.g., the concepts of
pleasantness, value, strength, etc.) might have contributed
to the variability in the same-transfer conditions. Accord-
ing to Barsalou, the self-similarity of concepts varies from
concept to concept—some concepts have more stable rep-
resentations than others. The present distance hypothesis
is derived from a similarity hypothesis. It is totally com-
patible with the present hypothesis if repetition priming in
same-transfer conditions varies with respect to the self-
similarity of the concept being judged. We tentatively used
the communality of a scale with the extracted semantic
factors (h2 in Table 1) as an indicator for self-similarity,
because it signals the common variance between a scale
and a relatively stable semantic space. The correlation be-
tween repetition priming and h2 for same-transfer condi-
tions turned out to be .60 ( p 5 .21). Although the corre-
lation is not significant here, it is nevertheless a promising
direction for future studies. A complete similarity model of
repetition priming in semantic classifications should in-
corporate the self-similarity of semantic scales, as well as
the similarity between different scales. But for the time
being, the focus is on similarity between different scales.

The most striking result of the present study is that no
reliable priming effect could be detected in maximal 
distance conditions—that is, when the classification tasks
were characterized by processing on orthogonal semantic
dimensions, even though the stimulus words were repeated.

This is in agreement with Vriezen et al. (1995), who re-
ported that the benefit of repeated perceptual processes
was negligible when study and test tasks tapped into dif-
ferent semantic domains. These results are in sharp con-
trast with the prediction of the noncompetitive response
theory (Vaidya & Gabrieli, 2000; Vaidya et al., 1997),
which contends that as long as a word is encoded during
study, there will be full priming if the test task requires a
noncompetitive response. Although the noncompetitive
response theory seemed to be supported by the finding
that the abstract/concrete classification received equiva-
lent amounts of priming following either the same or a per-
ceptual task, similar experiments by Franks et al. (2000)
have shown no priming in animacy or big/small classifi-
cations following a lexical decision task. Other, indepen-
dent studies are needed to resolve the issue at this point.

When the study and the test classifications differed but
involved processing on the same semantic dimension(s),
there was a tendency for repetition priming to decrease
with increasing distance between classification scales. Yet
the correlation between priming effects in the intermedi-
ate group and Osgood distance was modest at best (r 5
2.26, n.s.). We speculate that more up-to-date and large-
scale norm data of the semantic space are necessary when
attempting to differentiate classification tasks within such
a restricted range of similarities, especially when the ef-
fect of semantic distance may be obscured by variances
introduced by the scaling effect and the self-similarity of
concepts.

The present study demonstrated that, depending on the
type of semantic classification subjects perform during
study and test, repetition priming may or may not happen.
Some studies (Light, Prull, & Kennison, 2000; Vaidya et al.,
1997) have reported that category verification, a task sim-
ilar to semantic classification, does not respond to levels-
of-processing manipulation. In their experiments, a con-
ceptual task different from the category verification was
used task during study. Since all conceptual tasks do not
show full priming between them, results from levels-of-
processing manipulation need to be construed with caution.

Unlike Thompson-Schill and Gabrieli (1999), who
showed small but consistent repetition priming between
tasks accessing different domain-specific attributes, prim-
ing effects were unreliable between scales loaded mainly
on orthogonal semantic factors. The present results pro-
vide no evidence for a nonspecific semantic system such
as that described by Thompson-Schill and Gabrieli. In the
semantic differential framework, similarities between
scales are essentially represented by correlations between
these scales. Extending this thinking to the case of func-
tional and structural attributes, if a functional attribute is
correlated with some structural/visual attribute, repetition
priming may happen when tasks accessing these attributes
are crossed, even if they supposedly are tapping into dif-
ferent semantic domains. As an example, repetition prim-
ing is very likely to happen between having wings and
being able to fly classifications.
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There may be a general semantic system in the sense that
the correspondence between all representations and their
external referents is fine-tuned through similar mecha-
nisms independently of modality or semantic domain—
for example, by adjusting connection weights between the
input and the output according to the same learning rules
(McClelland, McNaughton, & O’Reilly, 1995). In the
present study, although dimensions of the semantic space
are statistically orthogonal to each other, they presumably
have developed in much the same way through associative
learning and response generalization (Osgood et al.,
1957). These dimensions do not have to represent differ-
ent semantic systems. But the manner in which the under-
lying semantic system is accessed may be specific to the
intentional acts called upon by different tasks, giving rise
to task-specific repetition priming effects. This is the TAP
view that repetition priming is a function of the relations
between domain-specific processes. Specificity of trans-
fer arises because processing related to the semantic di-
mensions is invoked differentially by different semantic
classification tasks. Such a processing account is compat-
ible with the component-of-processing view of repetition
priming (Moscovitch, 1992; Vriezen et al., 1995; Wither-
spoon & Moscovitch, 1989), which considers different brain
areas as modules for performing different tasks. Transfer
happens when there are overlapping component processes
between the study and the test processing of the stimuli.

In conclusion, the semantic differential has been demon-
strated to be a fruitful guiding heuristic for defining and
manipulating semantic similarity. The findings suggest
that, at least in part, repetition priming between study and
test semantic classifications varies as a function of dis-
tance in the semantic differential space representing con-
notative meaning. In accordance with the TAP approach,
specificity of transfer is suggested to be the result of dif-
ferential processing, rather than of the accessing of dis-
tinct semantic systems.
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NOTES

1. The results of Osgood et al., 1957, Analysis I were replicated with
20 undergraduate students from Vanderbilt University. Thirty semantic
scales was selected from the original Analysis I, including the 6 scales
used in the present study. The subjects rated 200 nouns with these scales.
Factor analysis was then performed on the cross-correlation between
scales. Loadings of the 30 scales on the first three factors extracted were
compared with those of Analysis I. For the first factor, the loadings of
the scales had a correlation of .97 with their loadings on the first factor
in Analysis I; for the second and third factors, the correlations were .80
and .83, respectively (all ps , .001).

2. Parametric tests between the minimal, the intermediate, and the
maximal distance groups were not applicable because some data in dif-
ferent groups were from the same subjects.

3. The correlation between consistency rate and semantic distance
could also be the result of bias on response type from the study task, as
a form of repetition priming. It was possible that the more closely re-
lated the scales, the greater the bias toward consistent responding. A post
hoc item analysis indicated that this was unlikely. There was a slight ten-
dency for old test items in the intermediate distance conditions to receive
whatever hand response they had received during study, as compared
with the type of response they would otherwise have received if they had
been new items. Yet exactly the same result was found for old items in
the maximal distance conditions also. It is very unlikely that biased re-
sponses were behind the correlation between consistency rate and se-
mantic distance.

(Continued on next page)
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APPENDIX
Complete Experimental Item List

action crowd gossip mind scene
angel cry ground money school
answer custom information moon science
apprentice danger group mother sense
army daughter health mouth silver
art decision heat movement situation
artist difference hill music skull
attention difficulty history nature sleep
baby discovery home newspaper sorrow
bagel distance honey night star
ball doctor hospital oil steel
bank cream house paper stone
battle dollar hurt party story
beauty door illness picture stream
bed doubt itch piece summer
bird dream job plan surface
blood duty joy poet sweat
boat ear judge police thought
book effort kiss politics town
box egg knowledge power tree
bread empire lake presence trouble
bridge end laugh pressure victory
car evening law price wall
chance example leak problem water
chief eye left promise wife
church face life question wind
city factory light relation window
cloud failure limit report winter
college farm loss result wish
color fear love river woman
committee fire machine road world
connection flower man room
cost football meeting rule
country force middle sailor
court game milk sand
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