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Why do pictures produce priming
on the word-fragment completion test?

A study of encoding and retrieval factors
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Three experiments examined why pictures produce priming on the word-fragment completion
test, despite the fact that there is no match between the physical features of the picture and the
word fragment. Pictures and words were presented as primes, and performance on the word
fragment completion test was measured; encoding and retrieval conditions were varied. Experi
ments 1 and 2 examined the role of picture labeling by increasing the presentation rate and by
introducing a shadowing task during encoding; labeling appears to playa role in priming. In
Experiment 3, the word fragments were presented for 500 msec, and subjects were required to
provide a solution immediately. Word priming was unaffected, but picture priming was elimi
nated, suggesting that word fragments enable efficient recovery of perceptually similar primes
(i.e., words), but slower and less direct recovery of conceptually similar but physically dissimilar
primes (i.e., pictures).

Recent work examining the nature of priming on im
plicit tests I has demonstrated that the similarity between
the encoding and retrieval tasks is an important deter
minant of the amount of priming observed (e. g., Blaxton,
1989; Masson & MacLeod, 1992; E. R. Smith & Bran
scombe, 1988; Srinivas & Roediger, 1990; Weldon &
Roediger, 1987). Extending a distinction elaborated by
Jacoby (1983), Roediger and colleagues have hypothe
sized that encoding and retrieval operations can be roughly
classified according to the degree to which they engage
predominantly conceptual or perceptual processing (e.g. ,
Roediger, 1990; Roediger & Blaxton, 1987b; Roediger,
Weldon, & Challis, 1989).

Conceptual and perceptual processing can be manipu
lated during both encoding and testing. During encoding,
for example, when subjects generate a target word from
a conceptually related clue (e.g., hot-c__), they engage
in considerably more conceptual processing than when
they read the target word without any conceptual context
(e.g., xxx-cold), which engages relatively more percep
tual processing (Jacoby, 1983). Other manipulations of
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conceptual processing at encoding include level of pro
cessing and organization of the word list (e.g., Hamann,
1990; Rappold & Hashtroudi, 1991; Srinivas & Roediger,
1990). Other ways of manipulating perceptual process
ing include changing modality, typeface, or orthographic
properties of the study relative to the test stimulus (e.g.,
Gardiner, Dawson, & Sutton, 1989; Glisky & Rabinowitz,
1985; Graf & Ryan, 1990; Kolers, 1975; Roediger &
Blaxton, 1987a; Schacter & Graf, 1989).

Analogous to encoding tasks, both implicit and explicit
memory tests also can vary in the degree to which they
involve perceptual or conceptual processing. Conceptual
tests are sensitive to the encoding of meaning, thus orient
ing tasks that engage more meaningful processing produce
better performance on these tests. However, manipulations
of stimulus surface features (e.g., modality of presenta
tion) have little or no effect on these tests. Examples of
implicit conceptual tests include category production,
word association, and answering general knowledge ques
tions (Blaxton, 1989; Hamann, 1990; Rappold & Hash
troudi, 1991; Srinivas & Roediger, 1990). Examples of
explicit conceptual tests include free recall, conceptual
cued recall, and recognition.

In contrast to conceptually driven tests, perceptual tests
are most sensitive to the manner in which the surface fea
tures of the target are encoded. In general, the more sim
ilar the surface features of the encoding and test stimulus,
the more priming achieved (e.g., Jacoby & Dallas, 1981;
Rajaram & Roediger, in press; Roediger & Blaxton,
1987b; but see Masson & MacLeod, 1992). On the other
hand, conceptual manipulations such as level of process-
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ing have little or no effect on these tests (Jacoby & Dallas,
1981; Roediger, Weldon, Stadler, & Riegler, 1992; but
see Challis & Brodbeck, 1992). Examples of implicit per
ceptual tests are perceptual identification (identifying
briefly presented words), word-fragment completion
(solving words with missing letters, e.g., _e-llu_ as
peanut), and word-stem completion (completing pe~
with the first word that comes to mind).

Roediger (1990; Roediger et al., 1989) has espoused
the principle of transfer-appropriate processing to account
for these results, suggesting that the goodness of any en
coding operation depends on the processing requirements
of the test; therefore, memory performance will be a func
tion of the overlap between encoding and retrieval pro
cesses (Morris, Bransford, & Franks, 1977). Although
this general principle holds over a wide range of testing
situations, critics of Roediger's framework point to the
fact that conceptual encoding manipulations can affect the
amount of priming obtained on perceptual tests (Bassi1i,
M. C. Smith, & MacLeod, 1989; Hirshman, Snodgrass,
Mindes, & Feenan, 1990; Masson & MacLeod, 1992).
For example, words that are inferred from sentences but
are not actually read produce priming on the word-stem
completion test (Bassili et al., 1989), and changing the
meaning of a homograph or varying context words be
tween encoding and test reduces priming on the word-stem
completion and word-fragment completion tests (Graf &
Schacter, 1985; Lewandowsky, Kirsner, & Bainbridge,
1989; Masson & Freedman, 1990; Weldon, 1991). Mas
son and MacLeod have suggested that the integration of
the target with its encoding context modulates the amount
of priming obtained on the perceptual identification test,
which reflects the influence of conceptual processing on
a perceptual test. Weldon and colleagues (Weldon, Roedi
ger, & Challis, 1989) have suggested that the presence
of context words at test makes the test more conceptually
driven, thus one would expect to find an influence of con
ceptual processing in this situation. Nevertheless, not all
of the experiments that have obtained effects of concep
tual processing have included context words at test, hence
a further explanation is needed.

Such findings suggest the need to analyze more care
fully the roles of different kinds of processes in implicit
perceptual tests. Why do primes that bear no physical sim
ilarity to the test stimulus produce any priming at all? In
what manner do other types of processing affect percep
tual priming? The purpose of the work reported here is
to examine the role of perceptual and conceptual factors
in priming on the word-fragment completion test.

Weldon has explored some aspects of this issue else
where (Weldon, 1991; Weldon, in press; Weldon &
Roediger, 1987), and the goal of the research reported
here was to focus on the particular problem of why pic
tures produce priming on the word-fragment completion
test. Across several experiments, Weldon and colleagues
(Roediger et al., 1992; Weldon, in press; Weldon &
Roediger, 1987; Weldon et al., 1989) have repeatedly
found that although words produce substantially more

priming than do pictures on this test, pictures consistently
produce small but significant amounts of priming (about
.20 for words, .05- .07 for pictures). Others also have ob
tained significant priming from pictures on verbal, per
ceptual tasks (Brown, Neblett, Jones, & Mitchell, 1991;
Kirsner, Milech, & Stumpfel, 1986; Kroll & Potter,
1984). Pictures provide an interesting means for study
ing priming on the word-fragment completion test because
they share no physical features with the target words yet
still refer to the same concept. Therefore, they have the
potential to provide insight into how nonperceptual fac
tors contribute to priming.

Originally it seemed that the most likely explanation
for the picture-priming effect in word-fragment comple
tion was that subjects labeled some proportion of the pic
tures during the encoding phase. This is an instantiation
of the lexicalaccesshypothesis, which suggests that prim
ing on verbal tests requires that the prime access the same
lexical unit represented by the test word (Weldon, 1991).
For example, lexical access might either overtly or co
vertly activate word-level information, such as ortho
graphic or phonological features, which could help in
completing the word fragments.

To test the hypothesis that labeling underlies picture
priming of word fragments, Weldon and Roediger (1987;
Experiments 2 and 3) conducted a variety of manipula
tions intended to vary the probability that subjects would
label the pictures during encoding. For example, in Ex
periment 2, subjects in the critical condition were told that
they would receive a difficult picture-discrimination test
in which they would have to decide which of two very
similar pictures they had seen in the study phase. This
condition was intended to reduce labeling by focusing sub
jects' attention on the physical features of the picture. In
other conditions across Experiments 2 and 3, subjects saw
the picture and generated the label silently, mouthed it
without saying it aloud, or named it out loud. Iflabeling
was the source of the priming, then the amount of prim
ing should have varied with the degree of labeling. How
ever, across five different conditions intended to vary
labeling, priming varied between only 5 % and 8%, and
none of the differences were significant. In the condition
intended to minimize labeling, priming was 6 %.

Weldon and Roediger suggested that labeling is not the
source of picture priming on the word-fragment comple
tion test and that the test might be slightly sensitive to con
ceptual processing, an idea supported in later research
(Weldon, 1991; also see similar arguments regarding
other perceptual tasks by Bassili et al., 1989; Brown
et al., 1991; Hirshman et al., 1990; Masson & MacLeod,
1992; Schacter & Graf, 1989; Toth & Hunt, 1990).

The aim of this research is to examine further the basis
of picture priming on the word-fragment completion test
by assessing the role of encoding and retrieval factors.
In three experiments, subjects studied mixed lists of pic
tures and words, performed a 7-min distractor test, and
then took a word-fragment completion test. Finally, the
subjects took a free-recall test as a manipulation check.



WHY DO PICTURES PRIME WORD FRAGMENTS? 521

Experiments 1 and 2 examined encoding factors by vary
ing the rate at which the primes were presented during
the study phase and by incorporating a shadowing task
during the study phase. Experiment 3 examined retrieval
factors by varying the amount of time the fragment was
exposed during the test phase.

Some comments about the use of the free-recall test in
these experiments are in order. Free recall has been classi
fied as an explicit, conceptually driven test, and a large
volume of literature indicates that pictures are typically
remembered better than words on this test. Possible expla
nations include dual coding theory (Paivio, 1971, 1986,
1991), which proposes that pictures are more likely than
words to activate both logogens and imagens, and that such
dual coding increases the probability of recall. Other inter
pretations suggest that pictures contact meaning codes more
directly than do words (e.g., Nelson's sensory-semantic
model, 1979; Potter & Faulconer, 1975; M. C. Smith &
Magee, 1980). These interpretations are consistent with
the principle of transfer-appropriate processing because pic
tures are alleged to elicit more elaborative and meaning
ful processing, and hence produce superior performance
on a conceptually driven test (for more extensive discus
sion, see Weldon & Roediger, 1987; Weldon et al., 1989).

In the present experiments, the free-recall test is in
cluded to check the effects of the encoding manipulations
on a conceptually driven test on which pictures are ex
pected to produce better performance than are words.
Labeling manipulations have been shown to have signifi
cant effects on free recall, while having minimal effects
on the word-fragment completion test (Weldon & Roedi
ger, 1987). For example, Weldon and Roediger (Experi
ment 2) found that requiring subjects to generate a label
as opposed to preparing for a picture-discrimination task
had a large effect on free recall (.39 vs..29, respectively)
but no effect on fragment completion priming. Also, re
quiring subjects to label every picture increases free re
call relative to making judgments about the picture's size
(D'Agostino, O'Neill, & Paivio, 1977) or about the time
it would take to draw it (Durso & Johnson, 1980). There
fore, the free-recall data will help assess the potency of
the labeling manipulations employed here. These data
must be interpreted cautiously because this test was ad
ministered after the word-fragment completion test and
performance may be contaminated. However, Weldon and
Roediger demonstrated that dissociations obtained be
tween the free-recall and the word-fragment completion
tests persist even when free recall follows word-fragment
completion, a finding replicated here. Although the re
call data must be viewed carefully, they still provide use
ful interpretive information.

EXPERIMENT 1

Experiment 1 was conducted to examine how encod
ing factors affect picture priming of word fragments. Wel
don and Roediger's (1987) claim that picture labeling does
not underlie performance needs further support because

it is difficult to verify that the manipulation they used,
which led subjects to expect a visual discrimination test,
really did suppress labeling. For example, in order to en
code the pictorial details, subjects may have adopted a
strategy in which they described the item to themselves
and generated the label, such as "The windmill has four
large blades on a small triangular building" Experiment 1
was designed to affect picture labeling more directly.

In Experiment 1, the amount of time the picture and
word slides were exposed during the encoding phase was
varied (5 sec vs. 250 msec) to affect the probability that
pictures could be labeled. Paivio (1971, 1986) has pro
posed that pictures are remembered better than words,
because when subjects view pictures, they are more likely
to generate a corresponding label or name, and hence the
item is dually coded, but subjects are less likely to gener
ate an image that corresponds to a word. Dual codes in
crease the probability of retrieving the target item. Among
a vast amount of evidence in support of the dual code hy
pothesis, Paivio and Csapo (1969) have reported that when
items are presented rapidly during encoding, the picture
superiority effect disappears; presumably, subjects do not
have time to label the pictures, and so the mnemonic ad
vantage of the dual code that underlies the picture superi
ority effect is eliminated (cf. Intraub, 1979).

We adopted this strategy in Experiment 1. At rapid pre
sentation rates, subjects should not have sufficient time
to label the pictures. If labeling accounts for picture prim
ing of word fragments, then presenting pictures rapidly
should eliminate priming.

Method
Subjects and Design. The subjects were 72 undergraduate stu

dents from the University of California, Santa Cruz, who partici
pated either for course credit or for $5. The experiment comprised
a 2 (presentation time: 5 sec vs. 250 rnsec) x 3 (prime type: word,
picture, nonstudied) mixed design, with presentation time varied
between subjects and prime type varied within subjects. Thirty-six
subjects served in each presentation-time condition. All items were
properly counterbalanced so that they appeared an equal number
of times in all conditions in the experiment.

Materials. The materials were 42 target items taken from the
Snodgrass and Vanderwart (1980) set and similar items previously
prepared by Weldon and Roediger (1987). These were black-and
white drawings of familiar objects and animals, with a moderate
amount of detail. There were two slides for each item, one con
taining the drawing, and the other containing the name of the tar
get. Items had been normed so that agreement between the intended
name and the subject-generated name for the pictures averaged 96%.

The targets were divided into three sets of 14 items that were
rotated through the word, picture, and nonstudied conditions to cre
ate three different study lists. Within each list, the pictures and words
were randomly mixed with the restriction that no more than three
pictures or words appeared sequentially. Four buffer items (two
pictures, two words) were placed at the beginning and end of each
list; these items were not scored on the tests.

The word-fragment completion test contained 50 fragments, 42
targets, and 8 fillers. Because one third of the targets were not
studied, there was a total of 22 nonstudied and 28 studied items
on the test for each individual. Each fragment had a unique solution.

Procedure. The subjects were tested in groups of 1-4. They were
told that they were helping prepare materials for future experiments
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Table 1
Effects of Encoding and Retrieval Variables on

Word-Fragment Completion Priming in Experiments 1-3

Experiment I

5 sec .28 .44
250 msec .16 .31

Experiment 2

5 sec .08 .10
1.5 sec .06 .09
250 msec .08 .06

Experiment 3

5 sec .28 .35

One possible problem with Experiment 1 is that the ex
posure time manipulation did not effectively reduce label
ing. To eliminate the picture superiority effect in their
experiment, Paivio and Csapo (1969) presented items at
the rate of 5.3 items/sec, whereas the fastest we could
present items on our equipment was I item/sec (250-msec
exposure time, 750-msec slide-change time). We asked
the subjects whether they had labeled the pictures as they
were presented and, if so, what percentage of the pictures
they had labeled. Comparing the presentation conditions,
in the 5-sec and 250-msec conditions, 94% versus 88%
of the subjects, respectively, reported labeling at least one
picture, and estimates of the number of pictures labeled
averaged 77% versus 70%, respectively. Of course, such
introspective reports must be viewed cautiously, since sub
jects are not necessarily capable of estimating this behavior
accurately. Nevertheless, these data do not indicate that
the exposure time manipulation had a very large effect
on the subjects' tendency to label the pictures. This prob
lem was addressed in Experiment 2.

Free recall. Free-recall data are presented in Table 2,
and provide an interesting contrast to the results on the
word-fragment completion test. Although presentation rate
had no effect on word-fragment completion, free recall
was significantlydepressed when pictures and words were
presented rapidly. The results of the ANOVA reveal a
main effect of presentation rate, with shorter study times
resulting in worse recall [F(l,70) = 20.45, MSe = .03].
However, the picture superiority effect was not elimi
nated; pictures produced better recall than did words
[F(l,70) = 57.50, MSe = .02). There was no interaction
between these factors (F < 1).

Thus, presentation rate had a detrimental effect on free
recall but no effect on word-fragment completion. How
ever, the picture advantage in free recall was not elimi
nated at the fast presentation time, which would have been
expected if labeling had been successfully suppressed.

Table 2
Effects of Encoding and Retrieval Variables

on Free Recall in Experiments 1-3

Study Stimulus

Study Time Word Picture

Nonstudied
Baseline

Prime Type

PictureWord

5 sec
I.5 sec
250 msec

Experiment 1: Study Time
5 sec .18 .07 (.27)
250 msec .16 .08 (.28)

Experiment 2: Shadowing and Study Time
.09 .00 (.30)
.11 .02 (.28)

-.04 .00 (.33)

Study Time

~d were not told that they would receive a memory test. They were
instructed that ~n the first task, they would see a series of pictures
and words on slides and that they should pay attention to each one.
The subjects were told how fast the items would bepresented. Slides
were pre~entedon a Kodak carousel slide projector and projected
onto a slide screen at the front of the room, about 12 ft in front
of the subjects. The items were presented for either 5 sec or
250 msec, with a 750-msec change time between slides. After the
slides were presented, the subjects worked on mazes for 7 min as
a distractor task.

The subjects then received the word-fragment completion test,
but they were not told that some of the fragments were related to
the slides. They were allowed 12 sec to solve each fragment, and
the fragment was visible during the entire interval. They were not
allowed to work ahead or go back to any fragments. They used
a cover sheet to conceal the upcoming fragments.

. Next, th~ subjects received a free-recall test on which they were
g~ven 7 min to r~a11 as many word and picture slides as possible.
Finally, they received a questionnaire asking whether they had la
beled the pictures during encoding.

Results and Discussion
. Word-f~ent completion. Average priming scores
In each condition are presented in Table 1, and the aver
age baseline performance in each group is presented in
parentheses. Priming scores were computed by subtract
ing the baseline scores from the total number correct in
each group. In all experiments, results are reported at p <
.05, unless otherwise indicated.

The data in Table 1 suggest that the faster presentation
rate had no effect on priming by either words or pictures,
and an analysis of variance (ANOVA) confirms this.
There was a main effect of prime type [F(I,70) = 21.53,
MSe = .01], exhibiting the usual finding that words pro
duce more priming than do pictures on this test. How
ever, there was no main effect of prime presentation rate
(F < 1) and no interaction between type of prime and
presentation rate (F < 1). Words and pictures both pro
duced significant levels of priming [t(71) = 7.22, t(71) =
3.27, respectively). Therefore, limiting exposure time
during the study phase did not decrease the number of
priming pictures produced.

Experiment 3: SOO-msec Fragment-Exposure Time
5 sec .20 .01 (.18) EXPERIMENT 2

Note-Priming on the word-fragment completion test was computed by
subtracting the nonstudied baseline (presented in parentheses) from the
total proportion correct in the picture and word conditions.

As noted above, it is possible that the manipulation of
presentation rate in Experiment 1 was not powerful
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enough to suppress labeling of pictures. Experiment 2 was
designed to introduce an even stronger technique for sup
pressing labeling by requiring the subjects to shadow an
unrelated passage while they viewed the picture and word
slides. The subjects listened through headphones to a pas
sage about nonverbal communication and were required
to repeat the passage out loud. This task should limit their
ability to access other verbal codes simultaneously. To
add to the strength of the encoding manipulation, presen
tation rate was again varied so that picture and word slides
were presented for 5 sec, 1.5 sec, or 250 msec each.

Method
Subjects and Design. The subjects were 108 undergraduates at

the University of California, Santa Cruz, who participated either
for course credit or for $5. All were native English speakers who
had either normal or corrected vision and had not participated in
the previous experiment. The design was a 3 (presentation time:
5 sec, 1.5 sec, 250 rnsec) x 3 (prime type: word, picture, non
studied) mixed design, with presentation time manipulated between
subjects and prime type manipulated within subjects. Thirty-six sub
jects served in each presentation-time condition. Items were ap
propriately counterbalanced so that each item appeared in each
condition an equal number of times.

Materials. The study lists and test were identical to those used
in Experiment 1. For theshadowing task, a passage about nonverbal
communication was recorded and played to the subjects over head
phones. Additional picture and word slides were used for a prac
tice phase described below.

Procedure. The subjects were told that the purpose of the ex
periment was to help prepare materials for future experiments. They
were then introduced to the shadowing task. They were told that
the main purpose of this task was to see how well people can repeat
auditorily presented information and that the experimenter would
be listening and recording errors. (The experimenter held a clip
board and pencil and watched the subjects during the shadowing
tasks to maintain this illusion.) They were also told they would
receive several different practice tasks before performing the task
of actual interest.

In the first practice task, the subjects listened to the tape and tried
to shadow it for about 2 min. The experimenter then checked to
make sure the subjects felt comfortable with the task. The subjects
were then given a second short paragraph to practice shadowing.
Next, the experimenter told the subjects that in the third practice
task, slides would be presented during the shadowing task, and al
though it was important that they continue to shadow accurately,
it was also important that they look at the slides and not miss any.
They were told how fast the slides would be presented (5 sec,
1.5 sec, or 250 msec each, with a 750-msec change time). The slides
were presented on the same equipment used in Experiment I. After
the subjects shadowed the first three sentences, the experimenter
began the slide presentation and showed 12 practice slides. Finally,
the subjects were told that they would now perform the actual task
in which a longer list of slides would be presented while they
shadowed. They were again reminded that they should shadow ac
curately but that they should also make sure that they attended to
every slide. The experimenter started the tape, and after the sub
jects had shadowed the first three sentences, the experimenter started
the target slide presentation.

At the end of the slide presentation, the subjects removed their
headphones and were given 7 min to complete various mazes as
a distractor task. The subjects were then given the word-fragment
completion and free-recall tests in the same manner as in Experi
ment I and finally were given the postexperiment questionnaire.

Results and Discussion
Word-fragment completion. Average pnrnmg and

baseline scores are presented in Table I. The data reveal
that shadowing did in fact eliminate priming from pictures,
suggesting that labeling may underlie picture priming.
However, this interpretation is complicated somewhat by
the detrimental effect of shadowing on word priming as
well. Relative to performance in Experiment I, priming
from words is reduced.

An ANaYA on the priming scores revealed a signifi
cant main effect of prime type [F(l,105) = 12.47, MSe =
.01], indicating that words produced more priming than
did pictures. The main effect of presentation rate was mar
ginally significant [F(2,105) = 2.35, MSe = .05, P =
.10]. The interaction between type of prime and presen
tation rate was significant [F(2, 105) = 9.13, MSe = .01],
reflecting the fact that whereas pictures produced no prim
ing in any condition, words produced priming at the two
slowest presentation rates (5 and 1.5 sec per item) but not
at the fastest rate (250 msec per item). An ANaYA ex
amining word priming (word vs. nonstudied) at the three
rates confirmed that words produced significant priming
[F(l,105) = 9.71, MSe = .02], qualified by an inter
action between prime and presentation rate [F(2, 105) =
6.75, MSe = .05].

Additional evidence that labeling was reduced with the
shadowing manipulation comes from the subjective reports
of the subjects. The percentages of subjects who reported
that they had labeled at least one picture were 53%, 50%,
and 47% in the 5-sec, 1.5-sec, and 250-msec presenta
tion times, respectively, dropping from 94 % in the con
trol condition in Experiment 1. The average proportions
of pictures that the subjects reported they had labeled were
29%, 13%, and 11%, respectively, also representing a
large drop from the average of 77 % in Experiment 1.
These introspective reports support the claim that subjects
are less likely to label pictures when shadowing.

The shadowing task appears to have been sufficiently
powerful to impair encoding of pictures and eliminate
priming, even at the slowest presentation rate. However,
the effects of the shadowing task were not selective. That
is, shadowing appears to have interfered with the encod
ing of the target information for words as well as pictures,
since performance for both conditions is depressed rela
tive to Experiment 1. It seems appropriate to conclude
that labeling contributes to picture priming on the word
fragment completion test, if one accepts the idea that
shadowing interferes with lexical access. Accordingly,
shadowing could also reduce word priming because it
would impair lexical access for the words as well. How
ever, words could continue to produce significant priming
for a few reasons. First, even with shadowing, it proba
bly is easier to read words than to generate labels of pic
tures, thus lexical access is still more probable for words.
Second, because there is a large perceptual component
to priming, the words would continue to have this advan
tage over pictures.
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It is possible that shadowing interrupted other encod
ing processes in addition to lexical access, so the decre
ment in performance cannot be isolated to the disruption
of lexical access alone. If shadowing had affected picture
priming but had not affected word priming, the argument
that labeling plays the critical role in picture priming
would be stronger. However, because shadowing impaired
both word and picture priming, it is not entirely clear
whether the effect is due only to the interruption of picture
labeling or to more generalized interference with encod
ing. If the performance decrement is caused by general
interference with encoding processes in addition to lexical
access, an alternative to the lexical-access hypothesis is
possible. That is, perceptual priming may require access
to an abstract conceptual representation shared by both
the word and picture, and the shadowing manipulation in
terfered with this process. Nevertheless, the evidence does
suggest that labeling plays some role in picture priming
on this test.

Free recall. The free-recall data presented in Table 2
are quite interesting in conjunction with the priming re
sults. The picture superiority effect has effectively been
eliminated with this manipulation; the main effect of study
stimulus is not significant [F(1, 105) = 2.58, P > .10].
This finding suggests that the manipulation successfully
eliminated labeling and is congruent with Paivio and
Csapo's (1969) finding that the picture superiority effect
disappears at very fast presentation rates that presumably
do not allow time to access the pictures' names. In Exper
iment 2, adding the shadowing manipulation during the
slide presentation appears to have been powerful enough
to mimic Paivio and Csapo's effect of rapid presentation.

The free-recall data in Experiment 2 would thus appear
to suggest that labeling was reduced, and hence the lack
of picture priming on the word-fragment-completion test
could be interpreted as evidence that labeling is the cause
of picture priming. However, as in the word-fragment
completion test, performance for both pictures and words
was adversely affected, so shadowing may have produced
other encoding deficits as well. Nevertheless, the fact that
picture priming was eliminated whereas words still pro
duced priming at the 5- and 1.5-sec presentation times
does suggest that labeling or some aspect of lexical ac
cess plays a role in picture priming.

EXPERIMENT 3

Experiment 3 was conducted to determine whether
retrieval processes playa role in picture priming of word
fragrnents.f We hypothesized that word-fragment com
pletion may be perceptual or "data-driven" in the sense
that it efficiently recapitulates perceptual processing that
occurred during the study phase. For example, the ortho
graphic information in the word fragment (e.g., _arne_a)
is more directly associated with the visual form of the
word camera than with the image of a camera. Thus, the
fragment will be most readily completed if the encoding
episode engaged visual processing of the word, because

the cuing information in the fragment renders the word
more recoverable than the picture.

Fragments might recover words relatively efficiently
but might recover pictures less reliably and less efficiently.
The fragments may be very weak cues for the pictures,
but, given enough time, they may be capable of providing
sufficient retrieval information to recover the originally
encoded information. That is, fragments may recapitu
late a prior encoding episode quickly if perceptually sim
ilar information was encoded (as in the case of visually
presented word primes), but recovery of pictures will be
slower and less direct because perceptually similar infor
mation was not encoded. Therefore, if fragments are
exposed for a very brief period of time and subjects are
required to respond immediately, picture priming of word
fragments should not be observed because there will not
have been enough time for the retrieval information to
become effective in recovering the original picture prime.

The purpose of Experiment 3 was to examine the role
of retrieval processes in picture priming of word frag
ments by testing the hypothesis that pictures are recovered
more slowly than words. The subjects studied pictures and
words for 5 sec and were told to pay close attention to
each item. They then received a word-fragment comple
tion test on which fragments were presented tachistoscop
ically for 500 msec each, and they were required to write
a solution within 4 sec. It was predicted that picture prim
ing would be eliminated but that word priming would con
tinue to be significant.

Method
Subjects. The subjects were 33 undergraduate students at the Uni

versity of California, Santa Cruz, who participated either for course
credit or for $5. All were native English speakers who had either
normal or corrected vision and had not participated in the previous
experiments.

Materials. The study lists and distractor tasks were identical to
the ones used in Experiments I and 2. The word-fragment comple
tion test was administered differently. All of the word fragments
were presented on slides by a Kodak carousel projector for
500 msec, with presentation time controlled by a tachistoscopic shut
ter. The subjects were given a lined sheet of paper on which to write
down their fragment solutions.

Procedure. The subjects were tested in groups of 1-3. The study
phase and distractor tasks were conducted as in the 5-sec study con
dition in Experiment 1. During the test phase, the word fragments
were presented on a slide screen for only 500 msec, and the sub
jects were allowed 4 sec to write an answer before the next frag
ment was flashed. The task was very fast, and the subjects literally
had time to write only the first word that came to mind in response
to the fragment. It was necessary to restrict the writing time in this
manner in order to ensure that the subjects did not have additional
time to contemplate the solution to the fragment-we wanted them
to answer only with the information that had become immediately
available. Fragment exposure time was controlled by a tachisto
scopic shutter, and the slides were advanced with an automatic timer.

Results and Discussion
Word-fragment completion. The priming scores and

nonstudied baselines are presented in Table 1 and reveal
that although priming from word primes was unaffected
relative to Experiment I, priming from pictures was vir-
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tually eliminated. An ANaYA revealed a main effect of
prime type [F(2,64) = 31.59, MS. = .01]. Words pro
duced significant priming [t(32) = 6.4], but pictures did
not [t(32) = .24, P = .40, one-tailed]. The baseline is
lower than in Experiment 1, but this is not surprising; be
cause subjects had so little time to see and solve the frag
ment, the overall level of performance would be expected
to drop.

This is a very striking result and attests to the impor
tance of retrieval processes in priming on this task.
Specifically, the results support the idea that the word
fragment is a very efficient cue for perceptually relevant
information. Although the cue can access perceptually dis
similar information, two pieces of evidence indicate that
it does so much less efficiently. First, the word fragment
is a relatively weak cue for pictures, as indicated by the
low level of priming generally obtained from pictures
(about 5% -7%) as compared with words (about 20%).
Second, picture recovery occurs relatively more slowly,
as indicated by the fact that when the fragment was ex
posed for only a brief period oftime (500 msec) and the
subjects were forced to respond immediately, perceptu
ally overlapping primes (visual words) continued to pro
duce high levels of priming compared with pictures, which
produced no priming.

Free recall. Proportions correct on the free recall test
are presented in Table 2. An ANaYA revealed a signifi
cant picture superiority effect [F(1,32) = 4.16, MS. =
.02]. Note that one would not expect the retrieval effect
observed on the word-fragment completion test to be ob
served on the free-recall test because the 500-msec expo
sure time is a manipulation of response deadline on the
fragment completion test only.

GENERAL DISCUSSION

These experiments were conducted to examine the fac
tors that contribute to picture priming on the word
fragment completion test. Experiments 1 and 2 were
designed to determine whether labeling contributes to the
effect, and Experiment 2 did indicate that labeling plays
a role. Experiment 3 was designed to assess the role of
retrieval processes, and its results suggested that word
fragments recover perceptually similar primes (visually
presented words) more efficiently than perceptually dis
similar primes (pictures). Overall, the data provide use
ful information about the nature of perceptual priming,
suggesting that both encoding and retrieval processes play
a role in the occurrence of picture priming on the word
fragment completion task.

The fact that shadowing eliminated picture priming
seems consistent with the lexical access hypothesis, which
suggests that primes must access the lexical referent of
the target in order to produce priming (Weldon, 1991).
However, if labeling does playa role in priming, then
why does performance not improve when subjects are ex
plicitly instructed to label pictures, in the same way it
improves in free recall (Weldon & Roediger, 1987)? Per-

haps subjects tend to label pictures spontaneously (as sug
gested by the subjective reports from Experiment 1),
which provides the nominal lexical access needed to pro
duce priming on the word-fragment completion test.
Explicit instructions to label pictures might result in some
what more elaborative processing than that which normally
occurs with spontaneous labeling. This might affect a con
ceptually driven test such as free recall but not be of much
value on a more perceptual test such as word-fragment
completion. Therefore, although suppressing labeling may
eliminate the necessary contact with the lexical code, en
couraging labeling does not provide added benefits on
word-fragment completion. This is speculative and begs
the following question: If perceptual tests are sensitive
to elaborative or conceptual processing, as has been ar
gued here and elsewhere, then to what types of elaborative
or conceptual processes are they sensitive? When can we
expect to see effects of elaborative processing, and when
can we not? Clearly, more work is needed in this area.

Experiment 3 provided clear evidence for the role of
retrieval processes in the priming of word fragments.
Fragment completion is more efficient when the prime
is a word than when it is a picture. Reading the word en
gages graphemic processing that can be readily transferred
to the task of resolving the fragment. In contrast, although
the picture represents a concept similar to that of the word,
it is perceptually dissimilar. Therefore, the processes en
gaged while viewing the picture are not readily recapitu
lated by the word fragment, and the fragment cannot be
solved as quickly as it can with word primes.

To recover the picture, the fragment may provide some
cuing information that operates relatively weakly and in
directly. For example, the orthographic or phonological
information in the fragment may be associated with a long
term representation of the word, and the fragment may
activate this representation. This activated word repre
sentation may in turn be associated with a conceptual or
imaginal representation, which also becomes activated.
The long-term lexical information or the imaginal infor
mation, or both, may then provide cuing information to
help recover the picture that was encoded during thestudy
episode. Through this mechanism, fragment-eompletion
performance can be elevated over baseline levels, even
when perceptually dissimilar items were studied at test.
(Presumably, access to the long-term representations ac
counts for baseline performance alone.) However, this
process would take longer than the recovery of a word
that has perceptual features that can be accessed more
directly by the fragment.

A second mechanism through which picture primes may
result in relatively slower fragment completion involves
a possible role of orthographic or phonological process
ing. For example, if some proportion of pictures are la
beled as suggested by Experiments 1 and 2, orthographic
or phonological information may be encoded, and the
word fragment will share some of these properties. How
ever, this encoded information will be relatively im
poverished as compared with that encoded from visual
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word primes, and so it will take longer for the missing
information in the word fragment to be assembled.

It is assumed that these retrieval processes can occur
without conscious recollection, but conscious retrieval
strategies may also playa role in picture priming of word
fragments. That is, subjects may notice that the fragments
on the test refer to the words and pictures they studied
on the slides and use this information to help them solve
difficult fragments. Explicit retrieval strategies may make
more use of conceptual information, thus pictures can be
retrieved. Again, this process would take longer than the
direct access that can occur when the prime and test frag
ment are perceptually similar. Weldon et al. (1989) have
demonstrated that even under explicit retrieval conditions,
perceptual processes dominate performance on the word
fragment-completion test. Thus, the possibility that sub
jects are engaging in explicit retrieval does not undermine
the claim that perceptual information is accessed more ef
ficiently than nonperceptual information on a data-driven
test; rather, it serves as one possible explanation of con
ceptual influences on a data-driven test.

Other bases for the relatively slower fragment resolu
tion due to picture primes are possible, too, and these pos
sibilities are elaborated further elsewhere (Weldon,
in press). The important point is that the data presented
here add definition to the concept of data-driven process
ing. Other work has amply demonstrated that perceptually
similar primes increase the probability of successfully
resolving the test stimuli on perceptual tests. Here, it is
demonstrated that this resolution occurs more efficiently
in the sense that the perceptual information is accessed
before the nonperceptual information in order to resolve
the fragment.

How do these results fit into current models of priming?
Among several frameworks of interest are the activation
account (e.g., Monsell, 1985; Morton, 1979), various
episode-specific accounts (e.g., transfer-appropriate pro
cessing, Roediger, 1990; fluency of processing, Jacoby
& Brooks, 1984; Johnston, Dark, & Jacoby, 1985; re
cruitment of operations, Masson & Freedman, 1990), and
the multiple memory systems account (e.g., Schacter,
1990, 1992; Tulving & Schacter, 1990). In general, the
activation of an abstract representation may play a role
in priming, but as others have noted, the specificity of
priming on perceptual tests cannot easily be explained by
a model proposing that priming is due simply to the acti
vation of abstract nodes (e.g., see discussions by Mas
son & Freedman, 1990; Schacter, 1990).

Generally speaking, episode-specific views propose that
during encoding, a stimulus is processed in a particular
way, and priming arises when the test stimulus and task
are sufficiently similar to the original encoding episode
to result in more efficient or fluent processing of the test
stimulus. The original encoding episode may be retrieved,
albeit not consciously, and facilitate current processing.
Although various theories differ in the degree to which
they emphasize the relative importance of stimulus fea
tures, cognitive processes, and contextual factors, they

share the assumption that the similarity between encod
ing and retrieval processes determines the level of prim
ing obtained. Most recent episode-specific accounts of
priming suggest that conceptual processing can support
priming on perceptual tests (e.g., Bassi1i et al., 1989;
Hirshman et al., 1990; Masson & Freedman, 1990; Mas
son & MacLeod, 1992; Schacter & Graf, 1989; Toth &
Hunt, 1990; Weldon, 1991) and thus easily accommodate
the finding that pictures produce priming on the word
fragment-eompletion test. Episode-specific views also can
account for the role of lexical access in picture priming,
which establishes word-level similarity between the picture
prime and the word fragment. However, most episode
specific frameworks have not examined the actual time
course of recovery of different primes, and so although
these frameworks are not incompatible with the results
reported here, they do not really speak to the finding that
words are recovered faster than pictures.

Schacter's (1990, 1992; Tulving & Schacter, 1990)
most recent theoretical formulation incorporates aspects
of both the systems and processing views such that dif
ferent systems are specialized to perform certain pro
cesses. He has suggested that priming is a presemantic
phenomenon in that it does not depend on semantic en
coding operations but is sensitive to changes in perceptual
features. He has proposed the existence of perceptual rep
resentation systems (PRSs), which process and represent
information about the structure and form of various stimuli
such as words and objects but do not represent concep
tual information about them. However, PRSs do have con
nections to semantic systems. This theoretical framework
can account for the specificity of priming on perceptual
tasks as well as for the very weak sensitivity of these tasks
to semantic encoding manipulations. The current version
of the model does not explicitly address issues about the
role of lexical access or the time course of word prim
ing, but it could accommodate the results of Experiment 3
if additional assumptions were made. For example, the
word fragments may access the word PRS quickly but take
longer to recover information from semantic systems.

We would like to conclude by noting that in regard to
the study of memory dissociations, Dunn and Kirsner
(1989) and Jacoby (1991) have emphasized the importance
of distinguishing between the particular task that the sub
ject performs and the particular cognitive processes that
are of interest to the researcher. They warn that confu
sion will arise when it is assumed that tasks and processes
are equivalent. This point is relevant here. Some
researchers have expressed distress over the fact that puta
tive data-driven tests show conceptual effects and vice
versa. It has been suggested that such findings are
problematic for Roediger's (1990; Roediger et al., 1989)
version of transfer-appropriate processing, which empha
sizes a distinction between data-driven and conceptually
driven processing. The debate over the validity of this
framework might be a case of mistakenly trying to equate
performance on the tests with the operation of a single
underlying process. Roedigerand his colleagues' (Roediger,
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1990; Roediger & Blaxton, 1987a, b; Roediger et al.,
1989) work has been useful in pointing out two different
types of processing that can occur, and Weldon (1991)
has suggested that lexical processing might be a third di
mension. But it is unlikely that any task represents either
a pure perceptual or pure conceptual task, thus it is un
likely that we can devise a perceptual test uncontaminated
by conceptual processes (e.g., Masson & Macleod, 1992)
or a conceptual test uncontaminated by perceptual pro
cesses (e.g., Hunt & Toth, 1990). Schacter and Graf
(1989) and Toth and Hunt (1990) have suggested that per
ceptual and conceptual processing may be too tightly in
tegrated to operate completely independently. This echoes
Kolers and Roediger's (1984) point that one's knowledge
of something is specific to the means of experiencing it
the procedures of acquisition form an inextricable part
of the representation. Thus, the conceptual representation
may not be entirely separable from the perceptual analy
sis or the modality of encoding.

It is important to move beyond the descriptive level of
categorizing tasks as one or another type and to examine
more precisely how component processes constitute the
tasks and what relations exist between these processes and
task performance (Dunn & Kirsner, 1989). Fortunately,
recent studies of priming appear to be performing these
necessary task analyses. For example, Jacoby (1991) has
proposed a methodological framework for assessing the
separate contributions of automatic and intentional pro
cesses in remembering. Much can be gained from task
analyses that seek to decompose tasks into their compo
nent processes and to understand how these processes
interact in remembering (e.g., Moscovitch, 1984).
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NOTES

I. Implicit tests refer to those that do not require conscious recollec
tion of a prior study episode. Memory is measured by the amount of
priming, which is the facilitation or bias in responding that results from
previous exposure to test-relevant material. Implicit tests are distinguished
from explicit tests, which require conscious recollection (see Graf &
Schacter, 1985; Richardson-Klavehn & Bjork, 1988). Many interest
ing theoretical issues attend the distinction between implicit and explicit
memory tests (e.g., Roediger, 1990; Schacter, 1992), but the focus here
is on the type of processing underlying performance on an implicit per
ceptual test-namely, word-fragment completion.

2. Although word-fragment completion is an implicit test, we use the
term .. retrieval" to capture the idea that priming results from therecovery
of a prior encoding episode. Retrieval need not be conscious or deliberate.
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