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Levels of Processing Effects on
Implicit and Explicit Memory Tasks:
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Abstract. One interpretation of levels of processing effects (LOP) on priming in implicit tests of memory is in terms of
deficits in lexical processing during shallow study tasks. In two experiments the extent of lexical processing engaged in
during standard shallow encoding tasks was manipulated by placing the encoding question either before or after the target
stimulus. Clear evidence was found in explicit memory tasks that placing the question after the target stimulus increased
the depth of processing of words presented in shallow encoding tasks. In contrast, there was no evidence of such an effect
on the priming observed in implicit memory tasks. The results suggest that the role of lexical processing in LOP effects
on priming requires further specification.
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Dissociations have played an important role in the
vast body of recent research on implicit and explicit
memory tasks (see Foster & Jelicic, 1999, for re-
views) because they are argued to provide one of the
primary sources of evidence for the independence
of the mechanisms underlying these two forms of
memory (e.g. Squire, 1994; but see Buchner & Wip-
pich, 2000, and Dunn & Kirsner, 1988).

One of the variables most frequently investigated
in the search for dissociations between implicit and
explicit memory is the level of processing required
during stimulus encoding (Roediger & McDermott,
1993). The basic levels of processing (LOP) effect is
that “deep” semantic study processing leads to better
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subsequent memory performance than “shallow”
perceptual or physical study processing (Craik &
Lockhart, 1972). This is one of the most robust find-
ings in standard explicit tests of memory, such as
recall and recognition.

Early investigations of performance in tests of im-
plicit memory found no effect of LOP (Graf &
Mandler, 1984; Jacoby & Dallas, 1981). Given the
centrality of the notion of deep semantic processing
to theories of memory encoding, this apparent disso-
ciation seemed to provide strong evidence for the
existence of either different memory systems (Tul-
ving, 1983) or different retrieval processes (Jacoby &
Dallas, 1981). LOP effects therefore were seen as a
useful vehicle for precisely specifying these crucial
theoretical distinctions and were used to index mem-
ory processes thought to be crucial to explicit mem-
ory such as elaboration (e.g., Mandler, Hamson &
Dorfman, 1990) and retrieval intentionality (Schac-
ter, Bowers, & Booker, 1989). More recent data dem-
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onstrating LOP effects on implicit memory tests
have, however, challenged the assumption that LOP
effects are restricted to explicit memory (see
Brown & Mitchell, 1994; Challis & Brodbeck, 1992;
Richardson-Klavehn & Gardiner, 1998, for reviews).
These findings also have implications for accounts
of processes responsible for the locus of the LOP
effect itself.

Three major mechanisms have been proposed to
underlie the LOP effects observed in implicit mem-
ory tasks. One source of the effects could be the in-
fluence of voluntary retrieval strategies. Despite ex-
perimenters’ attempts to disguise the nature of the
indirect memory task, participants may intentionally
retrieve items from the previous study episode (e.g.,
Bowers & Schacter, 1990; Toth, Reingold, & Jacoby,
1994). Implicit memory test performance clearly can
be influenced by explicit retrieval strategies and sub-
jects who are instructed about the relationship be-
tween the study and test tasks, or become spontane-
ously aware of this relationship, show stronger LOP
effects in perceptual implicit memory tests (Bow-
ers & Schacter, 1990). However, small LOP effects
have also been found in implicit memory tasks under
conditions designed to minimize contamination and
for participants who are unaware of the study-test
relationship (Challis & Brodbeck, 1992; Richardson-
Klavehn & Gardiner, 1998).

A second contribution to LOP effects on implicit
memory performance appears to arise from the con-
tribution of conceptually driven retrieval processes.
Support for this view derives from differences be-
tween the LOP effects observed in perceptual im-
plicit memory tests such as perceptual identification
or stem/fragment completion tasks and conceptual
tests such as generation of category exemplars or an-
swering general knowledge questions. Early compar-
isons of the two types of tasks suggested that LOP
effects occurred in conceptual tests but not in percep-
tual tests of implicit memory (e.g., Blaxton, 1989;
Hamman, 1990; Rajaram & Roediger, 1993; Roe-
diger, Srinivas, & Weldon, 1989). This conclusion
has since been qualified by the results of a number
of more recent experiments and reviews showing that
attenuated LOP effects do occur in perceptual im-
plicit memory tests. Although these effects are not
always significant, the numerical advantage for deep
over shallow study processing is consistent across the
majority of studies (see Brown & Mitchell, 1994;
Challis & Brodbeck, 1992 for meta-analyses). Thus,
although the LOP effect on implicit memory tests is
enhanced under conceptually driven retrieval condi-
tions, it is thought to remain in at least attenuated
form in many perceptual tests.

Both of the accounts discussed so far essentially
attribute LOP effects in perceptual implicit tests of
memory to the same processes that give rise to LOP
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effects on explicit memory performance because of
“contamination” from processes that were supposed
to be eliminated from the measure. In this sense,
these accounts imply that the task employed to assess
implicit memory has failed to meet the goal of opera-
tionalizing “involuntary retrieval of perceptual infor-
mation” (Richardson-Klavehn & Gardiner, 1998,
p. 605), because they are sensitive to either voluntary
retrieval mechanisms or to influences from nonper-
ceptual information.

A third account of LOP effects on implicit mem-
ory tests attributes them to processes that are inher-
ent rather than epiphenomenal to the intended task.
This lexical processing hypothesis assumes that stim-
uli must engage lexical processing at encoding in or-
der to yield priming effects in implicit memory tasks.
Challis and Brodbeck (1992) first suggested this hy-
pothesis on the basis of a review of the literature on
LOP effects on perceptual implicit memory tests.
They noted that, in a typical LOP experiment, parti-
cipants know before they see a target item what task
they are required to perform on it (e.g., Does it have
a “p” in it? Can it be used as a noun?). This means
that shallow processing tasks may allow “an attenua-
tion in the perceptual processing necessary to derive
the lexical form of the word” (p. 605). For example,
participants who are simply required to check for the
presence of a letter or count the number of conso-
nants or vowels may not complete processing of the
stimulus to a lexical level. If lexical processing is
necessary for priming in perceptual implicit memory
tests, the impoverished processing in the shallow rel-
ative to the deep study conditions would be reflected
in reduced priming for words encoded in shallow
versus deep encoding conditions; that is, there would
be an LOP effect on priming.

Two studies provide supportive, but indirect, evi-
dence for the contribution of lexical processing to
priming. Weldon (1991) used anagram stimuli at
study, which were unrecognizable as words unless
they were rearranged according to a rule of swapping
the vowels (e.g., tripocs). Priming on a subsequent
word fragment completion task for the re-arranged
words (e.g., tropics) was only observed when partici-
pants were told to use the rule to rearrange the ana-
grams at encoding. Exposure to identical study items
and test fragments without this instruction yielded
no priming suggesting that priming depended on pro-
cessing the stimulus as a lexical unit and not on per-
ceptual processing alone. Lexical contributions to
priming are also implicated by an experiment con-
ducted by Hayman and Jacoby (1989) that consisted
of either a precued or a postcued letter-identification
task followed by a word-identification task. Words
presented in the precued letter-identification task did
not yield any priming of subsequent word identifica-
tion, but words in the postcued letter identification
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condition produced strong priming (Hayman & Ja-
coby, 1989). This suggests that maintaining the word
in working memory prior to letter naming, as re-
quired in the post-cued condition, was necessary to
produce subsequent whole word priming.

The most direct test of the lexical processing hy-
pothesis of LOP effects in implicit memory tests is
provided by comparing performance in a shallow
study condition which promotes whole word process-
ing with that in another shallow study condition that
discourages it (Brown & Mitchell, 1994). Richard-
son-Klavehn and Gardiner (1998) presented data
from two experiments that employed such manipula-
tions. Their first experiment compared the effects of
graphemic, phonemic, and semantic study tasks on
stem completion tests that varied only in the instruc-
tions given to subjects. The direct or “intentional”
memory test, in which participants were told to com-
plete stems with words from the study lists, showed
a standard LOP effect Ð memory following semantic
study was greater than that following phonemic
study which, in turn, yielded stronger memory than
a graphemic task. In the “incidental” or indirect test,
in which participants were told to complete stems
with the first word they thought of, priming
following semantic and phonemic study was equiva-
lent, and greater than that following graphemic
study. Richardson-Klavehn and Gardiner argued that
these data supported the lexical processing hypothe-
sis because their graphemic task (counting the
number of enclosed spaces within a word) was less
likely to engage lexical processing than the phone-
mic task (counting syllables), accounting for the re-
duced priming following graphemic compared to
phonemic encoding. This hypothesis was supported
by the results of a second experiment in which a
lexical decision judgment was required following
each encoding task. This condition eliminated the
deficit in priming following the graphemic task and
yielded equivalent priming in all encoding condi-
tions.

Using Question Position to
Investigate the Locus of LOP Effects

The present experiments investigated the effects of
another manipulation that seems likely to influence
the extent to which items are subject to lexical pro-
cessing at encoding and that follows directly from
Challis and Brodbeck’s (1992) original formulation
of the lexical processing hypothesis. The experi-
ments compared performance on explicit and im-
plicit tests of memory as a function of whether the
encoding question that participants were required to
answer for each item was presented before or after
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the item itself. This allowed us to test directly
whether foreknowledge of the encoding task influ-
ences the LOP effects observed in implicit and ex-
plicit memory tests (Challis & Brodbeck, 1992; Roe-
diger & McDermott, 1993).

The use of the before/after manipulation was
based on earlier work by Craik (1977) and Moeser
(1983) in experiments involving only explicit tests of
memory. Those studies presented findings consistent
with the view that participants in shallow encoding
tasks truncate their processing when they know what
encoding operation they are required to perform be-
fore the item appears, but that truncation is prevented
when participants must maintain the item until they
are presented with the encoding question (Roe-
diger & McDermott, 1993). For example, Moeser
(1983) demonstrated that when the question ap-
peared before the word, participants in both a case
judgment (upper/lower) and a letter identification
condition performed at a similarly low level, whereas
participants in the semantic condition exhibited a
higher level of recognition performance Ð the classic
LOP effect. However, when the encoding question
was presented after the word, the advantage for se-
mantic over letter encoding tasks disappeared, al-
though both led to better memory performance than
the case task. Presumably, the case judgment task
was performed by retaining the case of the target
rather than the individual item and therefore showed
no memory benefit in the question after condition.
Craik (1977) reported similar improvements for shal-
lowly encoded items in a question after condition,
although there was still an overall advantage for se-
mantically encoded items.

If the recognition benefit that Moeser (1983) and
Craik (1977) observed in the question after condition
of the shallow encoding tasks reflects lexical pro-
cessing that is normally truncated when the encoding
question is known prior to target presentation, then
the question position manipulation provides a means
of evaluating the contribution of lexical processing
to LOP effects in both explicit and implicit memory
tasks. In particular, if priming effects in tests of im-
plicit memory depend on lexical processing, then
they should be modulated by question position. Pre-
senting the question after the word forces partici-
pants to maintain the item in memory. Assuming that
memory maintenance relies on lexical codes (Hay-
man & Jacoby, 1989), the question after condition
should ensure that all items are processed to a lexical
level regardless of encoding question. In turn, this
should eliminate any components of the LOP effect
due to differential lexical involvement in the same
way that requiring a lexical decision judgment elimi-
nated the differential priming effects across encoding
conditions in Richardson-Klavehn and Gardiner’s
(1998) second experiment.



42059$ $$$4 Hogrefe & Huber Publishers Ð EXPPSY 51/02/2004 Ð 1. Bel. Ð 17-10-03 19:34:52 Ð Rev 16.04x

4 Ben R. Newell & Sally Andrews

Experiments 1A and 1B
Experiment 1A examined the reliability and generali-
zability of the question position manipulation in tests
of explicit memory by attempting to replicate Moe-
ser’s (1983) and Craik’s (1977) results using novel
encoding tasks. Experiment 1B extended the ques-
tion position manipulation to an implicit stem com-
pletion memory task to provide evidence relevant to
the lexical processing hypothesis of priming effects.

Following Richardson-Klavehn and Gardiner’s
(1998) recommendation, we included two relatively
shallow encoding tasks that differ in the degree to
which they encourage lexical processing. Richard-
son-Klavehn and Gardiner found reduced priming ef-
fects on implicit memory only for items subjected to
a graphemic encoding task; phonologically encoded
items yielded priming equivalent to that following
semantic encoding. This is consistent with the view
that lexical retrieval is the primary determinant of
priming effects because retrieving the phonological
form of a printed word usually relies on lexical re-
trieval (e.g., Andrews, 1982). By contrast, semantic
encoding resulted in better explicit memory than the
two other encoding conditions.

This highlights a further implication of the lexical
processing account Ð if LOP effects on priming in
implicit memory tasks reflect lexical retrieval, but
are insensitive to the deeper conceptual processing
that contributes to LOP effects on explicit memory
performance, explicit and implicit memory tests will
show a different pattern across encoding task levels
reflecting reliance on at least partially distinct mech-
anisms. To provide a sensitive test of these different
patterns, Experiments 1A and 1B compared graphe-
mic, phonological, and semantic encoding tasks.

Richardson-Klavehn and Gardiner’s (1998) gra-
phemic task involved counting the number of en-
closed spaces in words Ð an extremely shallow form
of encoding. This particular task was employed in
only one (Bowers & Schacter, 1990) of the 38 studies
of LOP effects on implicit memory performance re-
viewed by Brown and Mitchell (1994), while a fur-
ther 5 studies (Challis & Brodbeck, 1992; Roediger,
Weldon, Stadler, & Riegler, 1992) required judg-
ments about ascending and descending letters that
also require attention to letter features. Most of the
shallow encoding tasks included in their meta-analy-
sis required attention to the letter-level or higher
(e.g., letter detection, vowel comparisons). If the at-
tenuated lexical processing account applies only to
very shallow encoding tasks, then it provides a lim-
ited account of LOP effects on tests of implicit mem-
ory. To evaluate the generality of Richardson-Kla-
vehn and Gardiner’s (1998) findings about the contri-
bution of lexical processing to priming, Experiments
1A and 1B used letter detection as the graphemic
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encoding condition. This is less shallow than count-
ing the number of enclosed spaces, but still appears
to permit truncation of processing if participants
know in advance which letter they are searching for
(Hayman & Jacoby, 1989). Experiments 1A and 1B
compared the letter encoding task with a rhyme task
designed to encourage phonological coding and a se-
mantic task requiring judgments of meaning relation-
ships.

In each encoding condition, participants received
a different specific question for each word contain-
ing an item-specific cue letter or word that provided
the basis for a binary letter, rhyme, or semantic judg-
ment (e.g., the word horse might be paired with the
questions: Does it contain the letter r? Does it rhyme
with course?, or Is it semantically related to rider?).
The particular question for each target item was pre-
sented either before or after the target word. In the
after condition, the word disappeared before the
question was presented to force participants to en-
code the word in short-term working memory.

In both experiments, the LOP manipulation was
implemented as a within-participants factor. Be-
tween-participants manipulations are thought to
magnify LOP effects, presumably because they en-
hance the likelihood that participants will differenti-
ate their encoding processes according to the particu-
lar demands of the encoding instructions (e.g., Tha-
par & Greene, 1994, though see also Brown &
Mitchell, 1994).1 However, such designs also allow
participants to use different retrieval strategies re-

1 In a previous experiment we used a between-partici-
pants manipulation of LOP. The design was equivalent to
Experiments 1A and 1B combined, that is, three types of
encoding task (letter, rhyme, semantic) followed by a re-
cognition or stem completion task. Both test task and en-
coding task were manipulated between-participants, with
over 40 participants in each encoding task condition. De-
spite using this design, the size of the LOP effects we ob-
served were very similar in over-all magnitude to those in
Experiments 1A and 1B. In the recognition task of this
previous experiment, the difference in the mean proportion
of words recognized following the letter task and the
rhyme task was .20 and .01 in the Before and After condi-
tions respectively. These differences are identical to those
observed in Experiment 1A (see Table 1). In the stem com-
pletion task, the difference in the mean proportion of stems
completed following the letter and the rhyme task was .04
and .03 in the Before and After conditions respectively.
Again, these values are consistent with the differences of
.02 and .01 reported for the stem-completion task used in
Experiment 1B. Given the similarity in the pattern of data
for both within and between-participant designs, we opted
for a within-participant design because it does not appear
to affect the likelihood of obtaining LOP effects with our
materials (cf. Brown & Mitchell, 1994, and see General
Discussion), but does eliminate potential contamination
from differential retrieval strategies (cf. Richardson-Kla-
vehn & Gardiner, 1998).
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flecting their different encoding experiences. These
different strategies, rather than incidental or inten-
tional memory test instructions, might be responsible
for any differences in the patterns of LOP effects
obtained (Richardson-Klavehn & Gardiner, 1998).
To eliminate these differential retrieval strategies,
and provide a stronger test of the impact of question
position and its interaction with LOP condition, the
LOP encoding conditions were randomly intermixed
across the study list.

Method

Overview

Both experiments consisted of a study phase in
which level of encoding task was manipulated within
subjects, and a test phase in which whole studied
items (Experiment 1A) or stems of studied items
(Experiments 1B) were presented with distracter
items. The experiments were conducted in different
locations, but used the same stimuli and experimen-
tal program to present the encoding tasks. The only
difference between the experiments was the form of
memory test: Experiment 1A used a recognition
memory task following Moeser (1983) and Craik
(1977), while Experiment 1B used a stem completion
task, one of the most widely used perceptual implicit
memory tasks.

Participants

The participants in Experiment 1A were 28 members
of the University College London research com-
munity who participated in the experiment in return
for £ 2.50 remuneration. Participants were randomly
allocated to either the before or after condition, re-
sulting in 14 in each condition.

The participants in Experiment 1B were 42
undergraduate students from the University of New
South Wales, Sydney, who received course credit for
participation. Half were randomly allocated to the
before and half to the after condition.

Materials

Four sets of 12 target words were generated that were
matched on word frequency and number of possible
completions (mean word frequencies in the CELEX
database: List A = 54.7, List B = 54.5, List C = 55.1,
List D = 58.4). Participants were each presented with
one of four possible lists that rotated the word sets
across encoding conditions. Target items were fully
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rotated across the distracter conditions of each mem-
ory task to obtain baseline false alarm and stem com-
pletion rates for target words. Thus, there were 36
target items in each study list and 12 distracter items
that appeared only in the memory test. The first three
letters of each word (the word stem in Experiment
1B) in all lists was the beginning of at least 10 com-
mon words.

Regardless of encoding list, all participants re-
ceived identical test lists containing whole items (Ex-
periment 1A) or stems (Experiment 1B) of all four
sub-lists. The test sheets were single A4 piece of pa-
per containing the 48 words or stems.

Procedure

The encoding phase of the experiment was run on
IBM PC computers using the Inquisit experiment
generator program (Draine, 1996). All instructions
for carrying out the tasks were presented on the com-
puter. Participants were presented with two “worked
examples” of the types of encoding questions that
they would encounter. Progression through these ex-
amples was subject paced.

The letter task simply required participants to in-
dicate with a button-press whether or not a particular
letter was present in the target word. The rhyme task
required participants to indicate whether or not the
target rhymed with a cue word presented in the ques-
tion (e.g., Does it rhyme with course? for the target
word horse). Questions in the semantic task asked
participants to make judgments of semantic relation-
ship (e.g., Is it semantically related to vegetable? for
the word carrot). Rhyme cue words were selected
to ensure that participants could not rely solely on
orthographic information to make their judgment and
semantic cues were selected from association norms
as strong production associates of the target word.
Equal numbers of “yes” and “no” responses were re-
quired in each encoding condition. In both experi-
ments, participants responded to a randomized order-
ing of three encoding tasks. Following the examples,
ten practice trials were presented. Before trials con-
sisted of the words “NEXT TRIAL” in red lettering
in the center of the screen for 500ms, a white screen
for 500ms, the encoding question for 1500ms, a
white screen for 500ms, the item for 1500ms and a
blank screen for 1000ms. In the after trials the order
for the question and the item were reversed. Partici-
pants responded “yes” or “no” to the processing
question by pressing assigned keys. On completion
of the practice trials, participants initiated the target
trials by pressing the space bar. With the exception
of two initial buffer items, the order of presentation
of items within blocks consisted of an individually
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randomized ordering of three encoding tasks (letter,
rhyme, and semantic).

Participants were then given the appropriate test
list. For Experiment 1A this consisted of whole
words (targets and distracters). Participants were in-
structed to circle words they had seen in the encod-
ing task. In Experiment 1B, the test list contained 3-
letter stems of targets and distracter words. To dis-
guise the implicit memory demands of the stem com-
pletion task, participants completed a 5 minute filler
stem-completion task immediately after encoding
which consisted of three letter stems of the names of
48 cities in the world (e.g., SYD___) that partici-
pants were told to complete with as many city names
as possible. The test list was then distributed and
participants were instructed to complete the word
stems with the first word that came to mind (Experi-
ment 1B).

Results and Discussion

Table 1 (upper panel) displays the mean proportion
of words recognized for all conditions of Experiment
1A. Unless otherwise indicated, the level of signifi-
cance for all tests reported was set at the .05 level.
A 3(Encoding Task: letter, rhyme, semantic) ¥
2(Question Position: before, after) mixed ANOVA
conducted on the corrected recognition scores (HitsÐ
False Alarms), revealed a main effect of encoding
task demonstrating the standard LOP effect, F(2,
52) = 39.52). There was no main effect of question
position, F(1, 26) = 1.82), but the effect of encoding
task interacted with question position, F(2, 52) =
3.84, because the memory for letter encoded items
improved in the question after condition relative to
the question before condition. In the before condi-
tion, performance following the rhyme task was bet-
ter than in the letter task, t(13) = 2.97), whereas in
the after condition there was no difference between
performance following letter or rhyme encoding,
t(13) = .168. This pattern of data replicates Moeser’s
(1983) and Craik’s (1977) findings regarding the ef-

Table 1. Mean Proportions of Words Recognized in Experiment 1A and Mean Proportion of Stems Completed
in Experiment 1B as a Function of Encoding Task and Test Type

Experiment 1A Letter Rhyme Semantic Unstudied

Recognition Before .35 .55 .75 .05
After .51 .50 .77 .03

Experiment 1B

Stem Before .36 .34 .36 .18
Completion After .35 .36 .33 .17
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fects of question position and is consistent with the
claim that participants in question before conditions
truncate their processing in letter identification en-
coding tasks.

The mean proportion of stems completed with the
target word in each condition of Experiment 1B is
presented in the bottom panel of Table 1. The com-
pletion rates for all encoding conditions were signifi-
cantly higher than when the same items appeared
only as distracter stems in the test task (before
targets: t(20) = 4.39, 3.80, 4.87 for the letter, rhyme,
and Semantic tasks respectively; after targets: t(20) =
4.22, 4.81, 3.83) demonstrating that significant prim-
ing was observed following all encoding tasks.

An ANOVA analysis directly paralleling that con-
ducted on the data for Experiment 1A revealed no
main effect of either encoding task, F(2, 80) = .118,
or question position, F(1, 40) = .046). Further, con-
trary to the pattern predicted by the lexical process-
ing hypothesis, the interaction between question po-
sition and encoding task was not significant, F(2,
80) = .621. There was no suggestion that LOP effects
were eliminated in the after condition.

The pattern of results for the recognition memory
task of Experiment 1A is consistent with the view
that lexical processing is truncated in the before con-
dition (Craik, 1977; Moeser, 1983). The rhyme and
semantic judgment tasks both required processing to
at least the lexical level because rhyming pairs were
orthographically different (e.g., horse, course) but
letter detection can, in principle, be performed with-
out retrieving the lexical code for the target item.
The memory improvement for letter encoded items
in the after condition is compatible with the view that
maintaining the word in memory encourages lexical
processing of a depth similar to that required for the
rhyme judgment task.

However, the results of the stem completion task
did not show the interaction between LOP and ques-
tion position that was predicted from the lexical pro-
cessing hypothesis. Despite significant priming for
words from all encoding conditions, there was no
evidence of an LOP effect in the standard question
before condition and no modulation of priming by
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question position. This failure to find a LOP effect
on implicit memory performance is, in itself, not un-
usual. Brown and Mitchell’s (1994) meta-analysis
showed that semantic encoding tasks yielded numeri-
cally larger priming effects in a majority of the 38
studies investigating LOP effects on perceptual im-
plicit memory tasks, but most were small in absolute
magnitude and they were based on a range of nonse-
mantic encoding tasks. Notably, at least 15 explicitly
required phonological judgments (e.g., vowel com-
parison, syllable judgment) and others, such as con-
sonant-vowel comparison, might also have encour-
aged phonological encoding. Both the present data
and those of Richardson-Klavehn and Gardiner
(1998) show that phonological encoding tasks yield
deeper processing than graphemic or letter-based
shallow tasks. The five studies in Brown and Mitch-
ell’s (1994) review that used the letter detection en-
coding task and stem completion memory test used
in Experiment 1B showed nonsignificant LOP ef-
fects ranging from .02 to .04 (Jacoby & Dallas, 1981;
Java & Gardiner, 1991; Naito, 1990; Park & Shaw,
1992), consistent with our results. What is surpris-
ing, however, is the lack of an effect on priming
given the apparent increase in the extent of lexical
processing observed in explicit memory performance
for the question after conditions.

Experiment 2
Experiment 2 was designed to provide more refined
evidence about whether question position modulates
LOP effects in explicit and implicit tests of memory.
In addition to increasing the number of participants
(to increase power) and testing all participants in the
same location under identical encoding conditions,
three major modifications were made to the design
of Experiment 1.

First, a cued stem-recall test of explicit memory
was substituted for the recognition memory test of
Experiment 1A to achieve greater equivalence be-
tween the procedures used to assess explicit and im-
plicit memory performance. A direct comparison of
this test with the implicit stem completion test allows
the use of identical test protocols for both memory
measures so that the only difference between the two
tests is the instructions given to participants: in the
implicit stem completion task they were instructed to
complete the 3-letter stems with the first word they
thought of while in the cued stem recall test they
were told to complete the stems with words from the
study task. Using identical physical cues in the two
tests has been argued to equate the information avail-
able for voluntary retrieval strategies to operate on
across the two types of memory test (Schacter et al.
1989).
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Secondly, we introduced an additional test condi-
tion, an exclusion stem completion task, to provide
more fine-grained evidence about the basis of any
observed effects of question position. Exclusion
tasks instruct participants to complete stems with
words that were not part of the study list in order to
attempt to distinguish familiarity from recollection-
based memories (Jacoby, 1991). Under such instruc-
tions, evidence of higher completion rates for studied
than unstudied words, implies that the studied items
are familiar but not able to be explicitly recollected.
Conversely, completion rates for studied items that
are significantly lower than those for unstudied items
demonstrate successful exclusion of studied items
and imply that participants could explicitly recollect
the study episode. The data for this task will provide
insight into the locus of the question position effect.
If the truncated processing that appears to character-
ize standard question before LOP paradigms reduces
the degree to which items accrue familiarity as a
consequence of study encoding, then exclusion stem-
completion rates for items from the before condition
should be lower for items processed in shallow en-
coding tasks and will increase with the depth of pro-
cessing. Comparison of the exclusion stem-comple-
tion data for before and after conditions will shed
light on the nature of the additional processing that
participants engage when they must maintain the
word in memory until the question is presented. If
these processes increase the recollectability of items,
exclusion stem-completion rates will be lower
following question after than question before encod-
ing conditions.

The third modification concerned the graphemic
encoding task. A possible explanation for the ab-
sence of LOP effects in the standard before condition
of the stem-completion data in Experiment 1B is that
our shallow task (letter detection) was not shallow
enough to be sensitive to the effects of truncated lexi-
cal processing on stem completion performance. Ex-
periment 2 used a low-level feature task similar to
Richardson-Klavehn and Gardiner’s graphemic task.
The task required participants to make judgments
about the numbers of enclosed spaces, or numbers
of ascending and descending letters in the target
words. If feature tasks encourage greater truncation
of lexical processing than letter tasks, there should
be a LOP effect on implicit priming in the standard
question before condition. On the assumption that
maintaining the word in memory requires that it is
lexically processed, the LOP effect should be elimi-
nated in the question after condition.
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Method

Participants

Two hundred and eight psychology students from the
University of Sydney participated in the experiment
as part of a practical class. Seventy-two participants
performed a cued stem-recall task and 72 performed
a stem-completion task. A further 64 participants
performed the exclusion stem-completion task. For
all tasks participants were evenly divided across the
two question position conditions.

Materials and Procedure

The materials and procedure for the encoding task
were identical to those used in Experiment 1A and
1B, except that the phonological task was replaced
by a feature encoding task. This latter task required
subjects to make YES/NO responses to questions
such as “Does the word contain letters with enclosed
spaces?” or “Does the word contain ascending let-
ters?”

Participants in all test conditions completed the
filler city stem completion task used in Experiment
1B for 5 minutes between encoding and test. The test
sheets were identical in all 3 conditions, consisting
of the stems of 36 target words and 12 distracter
words, but the stems falling into each encoding and
distracter condition varied according to the counter-
balanced encoding list participants had been pre-
sented with. Instructions appropriate to the cued
stem recall, stem completion or exclusion stem com-
pletion test were printed on the top of the test sheet.

Results and Discussion

Table 2 displays the mean proportions of stems com-
pleted with target words for all conditions of Experi-
ment 2. Significant priming was observed in all con-
ditions of the stem completion task (before targets:
t(35) = 4.31, 3.81, 3.63 for the feature, letter, and

Table 2. Mean Proportion of Stems Completed as a Function of Encoding Task and Test Type in Experiment 2

Feature Letter Semantic Unstudied

Cued Stem Recall Before .22 .23 .50 .10
After .35 .39 .52 .10

Stem Completion Before .35 .34 .35 .24
After .30 .28 .32 .21

Exclusion Before .17 .13 .04 .10
After .06 .07 .04 .11
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semantic tasks respectively; after targets: t(35) =
2.99, 2.42, 3.64). Significant differences between
completion rates for studied and unstudied words
were also observed in all but the letter/before condi-
tion of the exclusion task (before targets: t(31) =
3.36, 1.25, Ð4.17 for the feature, letter, and semantic
tasks respectively; after targets, ts (31) = -2.92, Ð
2.52, Ð4.56). (A positive t value indicates that the
proportion of studied words completed was higher
than the proportion of unstudied words, and a nega-
tive t value indicates that the proportion of studied
words completed was lower.) The mean proportion
of studied words completed was significantly higher
than the mean proportion of unstudied words com-
pleted in all conditions of the cued stem recall task.

Analysis of the cued stem-recall data showed the
expected main effect of encoding task, F(2, 70) =
22.21, with performance improving as the depth of
the task increased; and a main effect of question po-
sition, F(1, 70) = 5.76), indicating improved perfor-
mance when the target appeared after the question.
This main effect was modified by a significant in-
teraction between qestion position and encoding
task, F(2, 70) = 5.07, indicating that an improvement
was only observed in the two shallow encoding tasks.

Similar analyses on the priming effects for the
stem completion task showed a pattern identical with
that found in Experiment 1B Ð no main effect of
encoding task, F(2, 70) = .503, or of question posi-
tion, F(1, 70) = .273, and no significant interaction,
F(2, 70) = .394. This identical pattern suggests that
it is not a difference in the depth of our shallow task
that is responsible for the discrepancy between our
results and those of Richardson-Klavehn and Gardi-
ner (1998).

Analysis of the exclusion task data showed a
pattern identical with that of the cued stem recall
task Ð main effects of encoding task, F(2, 62) =
15.98, and question position, F(1, 62) = 10.32, and
a significant interaction between the two variables,
F(2, 62) = 7.44. In this case, the interaction occurred
because participants were significantly less likely to
complete stems with target words when they had
been studied than when they had not, suggesting that
they could explicitly recollect, and therefore exclude
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studied items. This was also true for semantically
processed items from the question before conditions,
but not for items from shallow encoding conditions.
Instead, feature encoding demonstrated the signifi-
cantly higher completion rates for studied items that
indicate reliance on familiarity in the absence of ex-
plicit recollection.

Thus, the data for Experiment 2 parallel those for
Experiments 1A and 1B. The question position ma-
nipulation had clear effects on both cued stem recall
and on performance in the exclusion task. The
pattern also suggests that a lack of power was not
responsible for our findings in Experiment 1B. Ex-
periment 2 used almost twice the number of partici-
pants (36 compared to 21) in each level of the ques-
tion position manipulation, but the pattern of results
was the same. The fact that significant LOP and
question position effects were observed in the exclu-
sion task, in which the magnitude of the overall
priming effect was of the same magnitude as that
observed in stem completion, provides further evi-
dence that the absence of these effects for the latter
task is not due to a lack of power.

The data from Experiment 2 are consistent with
the view that shallow LOP tasks lead to truncation
of lexical processing, and that such truncation is pre-
vented when participants must maintain the word in
memory until the question is presented. In the ex-
plicit cued-recall task, this was demonstrated by bet-
ter memory for feature and letter and encoded words
in the question after than the question before condi-
tion. Question position did not influence perform-
ance for semantically encoded items consistent with
the fact that semantic judgments require processing
to at least the lexical level even when the question is
known before the item is presented (Craik, 1977).
The exclusion data confirm that feature and letter
encoded items were processed more deeply in the
question after condition because participants suc-
cessfully avoided completing their stems with target
words (i.e., completion rates were significantly lower
for studied than nonstudied words) suggesting that
they could recollect the target words from the study
phase. By contrast, items from the shallow encoding
question before conditions were not successfully ex-
cluded implying that they had accrued familiarity
during encoding but could not be recollected. Paral-
leling the cued-recall data, semantically encoded
items were completely insensitive to the question po-
sition manipulation confirming that question posi-
tion only influences performance for encoding tasks
that can be performed without full lexical processing
when the encoding question is known by the time the
target is presented.

Despite these clear indications of the influence of
question position on the effects of LOP on explicit
memory performance, there is no evidence that this
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truncation influenced priming effects in the stem
completion task. Significant priming was observed
following all encoding tasks but the magnitude of the
priming effect was not influenced by either the type
of encoding task or question position.

General Discussion
Three possible sources of LOP effects on implicit
memory tasks have been proposed. Two of these are
epiphenomenal to the intended task Ð the influence
of voluntary retrieval strategies (e.g., Bowers &
Schacter, 1990) and the influence of conceptually
driven retrieval processes (e.g., Mulligan, Guyer, &
Beland, 1999). The third is inherent to the task Ð the
contribution of lexical processing. Carefully con-
trolled studies demonstrating LOP effects in the ab-
sence of influences from the first of these two
sources has led some researchers to favor the contri-
bution of lexical-processing as an explanation for the
effects because some shallow processing tasks allow
participants to truncate processing below the lexical
level. Most explicitly, Richardson-Klavehn and Gar-
diner’s (1998) finding that LOP effects on stem com-
pletion performance were eliminated when partici-
pants were required to make a lexical classification
response following graphemic encoding led them to
conclude that “a lexical processing deficit during
shallow study processing is one factor that must be
seriously considered when interpreting depth of pro-
cessing effects” (p.605). The present experiments
sought further evidence for this lexical-processing
hypothesis by using another manipulation hypothe-
sized to influence the extent of lexical processing
engaged in during shallow study processing Ð
namely the relative position of the encoding question
and the target word (Challis & Brodbeck, 1992).

The pattern of data for the explicit tasks in Ex-
periments 1A and 2 is consistent with the assumption
that shallow encoding tasks like letter detection or
feature-identification allow truncation of lexical pro-
cessing, but that such truncation is prevented when
items must be maintained in memory until the en-
coding operation is known (Challis & Brodbeck,
1992; Moeser, 1983; Richardson-Klavehn & Gardi-
ner, 1998). However, in contradiction to the predic-
tions of the lexical processing hypothesis, there was
no evidence that the differential lexical processing
associated with the question after manipulation af-
fected priming in implicit stem completion tasks.
Significant priming was, however, observed for all
encoding conditions indicating that the task was suf-
ficiently sensitive to detect implicit memory effects.

A possible explanation of this apparent contradic-
tion is that only certain types of shallow processing
allow or encourage truncation of lexical processing.
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Thus, the absence of significant effects of LOP or
question position on the stem completion data could
be interpreted as demonstrating that all encoding
conditions led to lexical processing even in the stan-
dard question before condition, so there was no trun-
cation to be eliminated by maintaining the item in
memory. The exclusion data from Experiment 2 ap-
pear to contradict this interpretation. These data
clearly confirm that question position influenced the
depth of processing of the item as reflected in parti-
cipants’ ability to explicitly recollect and exclude
studied items. Further, they show that the impact of
this differential processing was greatest for shallower
processing tasks Ð the level of exclusion perfor-
mance for semantically encoded items was com-
pletely unaffected by question position suggesting
that the additional processing conducted in the ques-
tion after condition overlaps with that required in
standard deep encoding tasks.

More importantly, the data for the exclusion task
confirm that shallow processing in the standard
question before condition is associated with poor
recollection but enhanced familiarity, particularly
following feature-based encoding tasks. This is con-
sistent with truncation of some form of processing
that is important for effective recollection but irrele-
vant to the increment in familiarity that occurs for
studied items. Identifying the high completion rates
observed in these conditions with familiarity might
be seen as incompatible with the widely accepted
view that perceptual implicit memory is due to famil-
iarity (e.g., Jacoby & Dallas, 1981): if the words pre-
sented in shallow question before conditions are
more familiar than unstudied words, as demonstrated
by the high completion rates in the exclusion task,
why don’t these items show differential priming in
the implicit stem completion task? The answer to this
apparent contradiction lies in the fact that exclusion
performance is a function of both familiarity and rec-
ollection (Jacoby, 1991) Ð participants are told that,
if they can recollect seeing a word in the encoding
task, they should not provide it as a completion.
Thus, familiarity influences the probability of the
item being activated by the stem, but higher levels
of recollection allow participants to exclude familiar
words. The differential exclusion rates as a function
of encoding condition are therefore perfectly com-
patible with the assumption that all items accrue
equivalent familiarity during encoding, but that both
LOP and question position influence the recol-
lectability of the words and therefore the probability
that target words activated by the stem are success-
fully excluded.

Thus, in combination, the data from the cued
stem recall and exclusion tasks show clear and con-
sistent evidence that presenting the question after the
word led participants to process the item more

Experimental Psychology 2004; Vol. 51(2): 1Ð13 ” 2004 Hogrefe & Huber Publishers

deeply and eliminated the truncation of processing
that apparently characterizes shallow processing
tasks in the standard question before LOP paradigm.
The exclusion data also show that standard questions
before shallow encoding conditions led to an in-
crement in familiarity, suggesting that the processes
that were truncated in these conditions do not con-
tribute to familiarity-based effects on stem comple-
tion. This conclusion is consistent with the absence
of question position effects on implicit memory per-
formance and implies that completion rates in this
task were primarily a function of familiarity and
were unaffected by the differences in recollection
that clearly influenced both explicit memory and ex-
clusion performance. Thus, presenting the question
before the target word does appear to lead to a trun-
cation of processing, but whatever is truncated is not
relevant to priming effects in stem completion per-
formance.

The complete absence of any LOP effect on im-
plicit stem completion performance in both experi-
ments is both an advantage and a disadvantage. On
the one hand, the lack of an LOP effect implies that
we have successfully disguised the memory demands
of the task to avoid contamination from voluntary
retrieval. This is most clearly demonstrated by the
absence of any advantage for semantically encoded
items in the stem-completion data of either experi-
ment. This form of encoding had very robust effects
on explicit stem completion, and also increased
participants’ success in excluding studied words con-
sistent with enhanced recollection of these items pre-
sumably reflecting their deeper conceptual process-
ing. There was, however, no hint of an advantage for
the semantic encoding condition in the stem comple-
tion task indicating that it was uncontaminated by
voluntary recollection and insensitive to conceptual
processing at encoding.

The disadvantage of finding no LOP effect on
implicit memory performance is that we have been
unable to directly test whether manipulating question
position can eliminate an LOP effect on implicit
memory Ð as the lexical processing hypothesis im-
plies Ð because we did not find any LOP effect in
the standard question before condition.

It is possible that something about the procedure
we used is responsible for the null-pattern of results
in the stem-completion tasks. For example, perhaps
the use of a within-participants manipulation of en-
coding task was insufficient for inducing a “task-
mindset” that might develop from using a between-
participants manipulation, which in turn might ac-
centuate the likelihood of obtaining effects of encod-
ing condition. Although such an effect of between
versus within participant designs has been suggested
(cf., Roediger & McDermott, 1993), the evidence is
equivocal. Brown and Mitchell (1994) compared the
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proportion of significant LOP effects in studies using
both within and between participant designs and
found a numerically (but not significantly) higher
proportion (84 %) in within-participant designs than
in between-participant designs (72 %). They con-
cluded that the type of design did not have a signifi-
cant impact on the likelihood of obtaining LOP ef-
fects.

Furthermore, as previously noted (in Footnote 1),
we have conducted a number of other experiments
using the same items and encoding conditions. These
experiment have employed both within and between-
participant manipulations of encoding task and ques-
tion position, have used fragment completion as well
as stem-completion tasks, and have all used large
sample sizes of the order used in Experiment 2. In
all these experiments we repeatedly found the same
pattern of results Ð effects consistent with truncation
on explicit measures, and no effect on implicit mea-
sures. It therefore seems unlikely to us that proce-
dural issues are driving the null pattern. It is also
important to emphasize that the absence of an LOP
effect on stem completion performance is not, in
itself, surprising. Most of the effects summarized in
Brown and Mitchell’s (1994) meta-analysis were
numerically small and many were not individually
significant.

Given the absence of an LOP effect on implicit
memory in the question before condition, we obvi-
ously cannot directly evaluate whether this effect is
modulated by question position as predicted by the
lexical processing hypothesis. Nevertheless, the re-
sults do present a challenge that needs to be ad-
dressed by proponents of this account of the basis
of implicit priming because they show that priming
effects in implicit stem completion are insensitive to
a manipulation that does clearly prevent truncation of
some form of deeper processing. Lexical processing
would seem an obvious prerequisite to such process-
ing, but implicit memory performance was not sensi-
tive to question position. This implies either that the
truncation effects demonstrated in the explicit mem-
ory and exclusion tasks occurred after lexical pro-
cessing or that the form of lexical processing re-
quired to yield implicit memory is different to that
required to maintain a word in memory.

Richardson-Klavehn and Gardiner (1998) were
careful to qualify their claims about exactly what
form of lexical processing mediates priming. They
distinguished between lexical access, that operates
automatically even in shallow study tasks, and lexi-
cal processing that occurs in tasks that require “at-
tention to the study stimuli as individual lexical
units”. They argued that the latter is necessary to
support priming, but acknowledged that it would be
“extremely difficult to resolve whether it is lexical
access or lexical processing that fails during graphe-
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mic study tasks” (p. 606). If this distinction is ac-
cepted, the present results might be seen as evidence
that priming depends only on lexical access and not
on lexical processing: the significant priming ob-
served following all encoding tasks could be attrib-
uted to lexical access and the deeper processing de-
monstrated in the question after conditions to lexical
processing. However, this is a description rather than
an explanation of the differential effects of question
position on explicit and implicit memory perfor-
mance. It also fails to explain why the featural en-
coding task of Experiment 2, which was modeled
on that used by Richardson-Klavehn and Gardiner
(1998), apparently induced the form of lexical pro-
cessing required to yield both priming and familiar-
ity-based completions in the exclusion task Ð while
Richardson-Klavehn and Gardiner’s feature encoding
condition did not.

It is possible that our graphemic task was some-
what easier than that used by Richardson-Klavehn
and Gardiner (1998). To equate the binary classifica-
tion requirements across the three LOP conditions
and to allow different questions to be asked for each
item so that participants in the question after condi-
tion could not predict the encoding operation, we re-
quired a decision as to whether a particular feature
(enclosed space, ascender letter etc) was present or
absent in the stimulus, while their task required parti-
cipants to count the number of enclosed spaces in
each item. Perhaps the latter more difficult task re-
quires participants to suppress lexical codes in order
to allow attention to the featural level.

Support for this possibility derives from recent
evidence that words presented in a color-naming
Stroop task yield smaller priming effects on subse-
quent word fragment and stem completion tests than
when the same words are presented in a word naming
task (Rajaram, Srinivas, & Travers, 2001). Interfer-
ence effects on color naming demonstrated that lexi-
cal access had occurred in the Stroop condition, so
Rajaram et al. (2001) argued that the results showed
that “perceptual implicit memory depends on atten-
tional requirements beyond those needed for simple
identification” (p. 926). Tasks that simply divert at-
tention away from the target word without preventing
its identification do not reduce priming (e.g., Mulli-
gan & Hartman, 1996; MacDonald & MacLeod,
1998), so Rajaram et al. attributed the reduced prim-
ing following Stroop color naming to the inhibition
of the word representation that is required to select
the ink color. That is, word identification is sufficient
to yield priming regardless of whether the word is
the focus of attention, but task demands that require
inhibition of the word representation reduce priming.

Richardson-Klavehn and Gardiner (1998) do not
specify whether the deficit in lexical processing that
they argue to be responsible for the reduced priming
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in their graphemic condition is a result of truncation
of processing or an inhibition of the formation of a
lexical representation. An explanation framed in
terms of inhibition or suppression of lexical codes,
rather than truncated processing, may provide a way
of reconciling the results of the present experiments
with those of Richardson-Klavehn and Gardiner
(1998) while maintaining the proposal that lexical
processing is necessary for priming on perceptual
tests of implicit memory. The automatic lexical re-
trieval that Richardson-Klavehn and Gardiner label
as lexical access may occur even in very shallow
feature-based tasks like that we used in Experiment
2 Ð and support implicit priming effects. Deficits in
lexical processing that give rise to reduced priming
for shallow tasks, and therefore an LOP effect on
implicit memory, may only occur when the encoding
task requires suppression of these automatically acti-
vated lexical codes.

In conclusion, we believe that the question posi-
tion manipulation is an interesting and novel pro-
cedure for investigating LOP effects on implicit
memory tests. The results of the current experiments
are not completely conclusive regarding the role of
lexical processing in producing LOP effects, but they
do raise important questions about the generality of
the lexical processing hypothesis. Further evaluation
of the effects of the question-position manipulation,
perhaps in conjunction with other potentially more
sensitive and reliable implicit memory measures
(e.g., word and picture identification, see Buchner &
Wippich, 2000), will lead to a greater understanding
of the processes underlying the involuntary retrieval
of perceptual information.
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