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In numerous recent studies, researchers have examined
the relation between implicit and explicit forms of mem-
ory (see Roediger & McDermott, 1993, for a review). Ex-
plicit memory is defined by retrieval that is voluntary,
such as retrieval that occurs on recall or recognition tests.
Subjects are instructed to remember a specific event (such
as a study episode) to complete the task. Implicit memory
involves involuntary or automatic retrieval. Word stem
completion, word fragment completion, and category ex-
emplar production are examples of some of the implicit
tasks that have been studied. In these tasks, subjects are
instructed to complete the task with the first word they can
think of, with no reference being made to the study episode. 

When task performance is compared, some implicit and
explicit memory tasks have been dissociated, whereas
other explicit and implicit tasks have produced similar re-
sults. For example, when implicit word stem completion
performance is compared with explicit cued stem recall,
levels-of-processing study manipulations affect the ex-
plicit task performance but typically show no effect on the
implicit task (Roediger, Weldon, Stadler, & Riegler,
1992). However, some studies have indicated that a small
but reliable levels-of-processing effect can be found on
implicit tasks (Brown & Mitchell, 1994; Challis & Brod-
beck, 1992; Horton, Wilson, & Evans, 2001). In addition,
when a conceptual task, such as category exemplar pro-
duction, is considered (i.e., semantic retrieval cues are
given), the level of processing does appear to affect im-
plicit task performance (Hamann, 1990; Lee, 2000; Srini-
vas & Roediger, 1990; Weldon & Coyote, 1996). Similar
results were found when attention was divided at study.
Dividing attention reduces explicit memory performance
on a word fragment task but does not affect implicit per-

formance (Mulligan, 1998). On the other hand, divided at-
tention was found to reduce implicit and explicit memory
when measured with a category production task (Mulli-
gan, 1997). However, the conclusion that conceptual pro-
cessing influences conceptual implicit tasks, such as the
category production task, relies on the assumption that im-
plicit tasks reflect only implicit memory. These results
might, instead, reflect explicit contamination (i.e., use of
an intentional retrieval strategy) in the implicit task.

Process Dissociation Procedure
As Jacoby, Toth, and Yonelinas (1993) pointed out, a

problem with relying on task performance to learn about
explicit and implicit memory is that the tasks may not be
process pure. In other words, subjects may engage in con-
scious (intentional) retrieval in an implicit task and use au-
tomatic (unintentional and lacking in awareness that items
were studied) memory to complete explicit memory tasks.
When this occurs, the task performance is contaminated
by a mixture of processes and does not allow a pure mea-
surement of implicit and explicit forms of memory. There-
fore, Jacoby et al. recommended use of Jacoby’s (1991)
process dissociation procedure (PDP) to estimate uncon-
taminated conscious (C ) and automatic (A) memory pro-
cesses. The PDP involves use of two retrieval tasks, one
task in which conscious and automatic memory both con-
tribute to target (study item) responses (inclusion task) and
one task in which the processes work in opposition (ex-
clusion task).

In fact, in lieu of task performance comparisons, the
PDP has now been used in many studies to dissociate con-
scious and automatic memory processes. Toth, Reingold,
and Jacoby (1994), for example, found that for a stem
completion task, PDP estimates of conscious memory
were affected by the level of processing at study, whereas
automatic memory estimates were similar across study
tasks, thus confirming the typical dissociation previously
shown in task performance results. Toth et al. concluded
that automatic memory measured in a stem completion
task was not affected by conceptual processing, whereas
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conscious memory was affected. Because of the percep-
tual nature of the test cues (three-letter word stems), stem
completion has been proposed to rely primarily on per-
ceptual processing, which may account for Toth et al.’s re-
sults. However, these results do not preclude possible con-
ceptual processing effects on automatic memory for other
tasks. Toth and Reingold (1996) suggested that concep-
tual processing may influence automatic memory in con-
ceptual tasks. They presented evidence of conceptual ef-
fects on automatic forms of memory but also pointed out
that most of the evidence comes from studies in which
task performance measures were used, and few of the re-
sults have been confirmed with the PDP.

Unlike word stem completion, tasks that use conceptual
retrieval cues, such as category exemplar production, may
rely primarily on conceptual processing. For example,
Weldon and Coyote (1996) found levels-of-processing ef-
fects for an implicit form of the category production task.
However, because their study involved a comparison of
implicit and explicit task performance, possible conscious
retrieval contamination cannot be ruled out in the implicit
task. As was stated by Toth and Reingold (1996), the PDP
has rarely been applied to such tasks; therefore, it is not
known whether conceptual processing truly influences au-
tomatic memory for conceptual tasks. One exception is a
study conducted by Schmitter–Edgecombe (1999), which
applied the PDP to the category production task to inves-
tigate effects of attention on conscious and automatic
memory. She found that a manipulation of attention at
study affected both C and A memory processes in the cat-
egory production task but affected conscious memory
only in the word stem completion task. These results in-
dicate a conceptual effect on automatic memory. Another
recent study by Bergerbest and Goshen-Gottstein (2002)
manipulated levels of processing in the PDP with a con-
ceptual word association task. They found that levels of
processing affected C and A estimates, providing addi-
tional support for conceptual influences on automatic
memory.

The Present Study
In the present study, the PDP was applied to the cate-

gory production task to further investigate conceptual pro-
cessing effects on automatic forms of memory. A levels-
of-processing study manipulation was used to examine
influences of encoding processing differences on con-
scious and automatic memory for category production.
On the basis of the results of previous studies suggesting
that this task is influenced by conceptual processing (e.g.,
McBride & Dosher, 2002; Toth et al., 1994; Weldon &
Coyote, 1996), it was expected that the semantic study
condition would result in higher C estimates than would
the graphemic study task. A similar finding for A estimates
would confirm that the levels-of-processing effect on im-
plicit memory shown in past studies (Hamann, 1990; Lee,
2000; Masson & MacLeod, 1992; Srinivas & Roediger,
1990; Weldon & Coyote, 1996) was not merely a result of
explicit contamination (see also Bodner, Masson, & Cald-

well, 2000) and would support Toth and Reingold’s (1996)
suggestion that conceptual processing influences auto-
matic memory.

Process tree models. One limitation of the PDP con-
cerns the retrieval strategy used by the study subjects. It
has been suggested that the PDP equations may provide
inaccurate estimates of conscious and automatic memory
when subjects engage in a generate–recognize retrieval
strategy, rather than relying on direct retrieval (Bodner 
et al., 2000; Jacoby, 1998). However, multinomial process
tree models (Batchelder & Riefer, 1999) can be developed
that represent the independence relation specified by the
original PDP equations (direct retrieval models) or the
generate–recognize model of memory retrieval (generate–
source models). Direct retrieval models assume that di-
rect, intentional retrieval of items occurs in the inclusion
and exclusion tasks in the PDP, whereas generate–source
models assume that a generate–recognize strategy (i.e., re-
sponses are generated and then evaluated as studied or un-
studied) is employed. Therefore, the use of multinomial
models in conjunction with the PDP tasks (inclusion and
exclusion) to estimate C and A processes may help re-
searchers to make accurate estimations of the memory
processes, regardless of the retrieval strategy used by the
subjects. 

Recent studies have begun to use multinomial models
to estimate C and A memory from PDP task performance
(Bodner et al., 2000; Buchner, Erdfelder, & Vaterrodt-
Plünnecke, 1995; Jacoby, 1998; McBride & Dosher, 1999,
2002; McBride, Dosher, & Gage, 2001; Schmitter-
Edgecombe, 1999). For example, Jacoby (1998) fit a direct
retrieval model and a generate–source model to data from
a stem completion task in the PDP. His study showed that
retrieval strategy instructions can influence the fit of dif-
ferent models. When direct retrieval instructions were
given in the PDP, a direct retrieval model fit the data well,
but this model did not f it data from the tasks when 
generate–recognize instructions were given. The reverse
was true for a generate–source model fit to these data. Ja-
coby (1998) also suggested that when baseline rates are
unequal in the inclusion and the exclusion tasks, the direct
retrieval model may be inappropriate, because the inde-
pendence assumption of the PDP equations may be vio-
lated. Furthermore, Bodner et al. (2000) showed that the
direct retrieval model may be inappropriate even if direct
retrieval instructions are used and baseline rates are found
to be equivalent in the inclusion and the exclusion tasks.
These results suggest that both direct retrieval and generate–
source models should be considered when estimating C
and A memory from the PDP tasks.

Direct retrieval instructions were given in the present
study but, on the basis of the argument just presented, di-
rect retrieval and generate–source models were both fit to
data from the category production task. The direct re-
trieval model was derived from the original PDP equa-
tions, assumed independence between C and A, and was
found to fit stem completion data from the PDP when a di-
rect retrieval strategy was used by the subjects (Bodner
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et al., 2000; Jacoby, 1998). Schmitter-Edgecombe (1999)
also found this model to fit data from a category produc-
tion task. The process trees follow a direct retrieval strat-
egy that assumes that subjects attempt direct, conscious
retrieval of the target. Automatic memory (A) for the item
may also occur, regardless of the success of conscious re-
trieval (C or 1 2 C ). The conscious process is one in
which subjects are aware that they have retrieved a target
(studied) item, whereas the automatic process in this
model is one in which the subject is unaware of retrieving
the target item. In the absence of C or A memory, a stud-
ied item response is possible through guessing (G ). It is
assumed that the guessing process is used only when there
is no memory of the target item (1 2 C and 1 2 A ). A pa-
rameter that estimated the likelihood of responding with
an alternative (i.e., nontarget) item was added to this
model. The alternate word generation (W) process may
occur in some cases, depending on the task instructions
and the success of the C and A processes. This parameter
was added to the original Jacoby (1998) models to esti-
mate the probability of generating a nontarget response in
the inclusion and exclusion tasks, as separate from the
probability of a no-answer (xxx) response. Therefore,
without the W parameter, no distinction can be made in
the models between nontarget (alternate) word responses
and no-answer (xxx) responses. Separate W parameters are
estimated for the inclusion and the exclusion tasks (WI and
WE, respectively), since the probability of generating a
nontarget response, as opposed to a no-answer response,
may differ between the two tasks. McBride and Dosher
(1999, 2002) and McBride et al. (2001) fit models that in-
cluded the W parameter to stem completion task data from
the PDP. In cases in which memory for the target is avail-
able (either C or A), the memory processes and instruc-
tions in the inclusion and exclusion tasks determine
whether the target will be given as a response [e.g., in the
(1 2 C ) A branches of the trees, automatic memory is suf-
ficient for responding with the target in each case, because
responding with any item that fits the cue is allowed in the
inclusion task, and in the exclusion task any response
without conscious awareness of its study episode is al-
lowed]. The product of the branch probabilities within the
model tree indicates the probability of producing the re-
sponse at the end of the branch. An illustration of this
model is given in Figure 1. Separate trees are shown for in-
clusion and exclusion tasks, and the model estimates dif-
ferent C and A parameters for each of the two study task
conditions (semantic and graphemic). Both models are
classified as high-threshold models (i.e., they both assume
that C 5 0 and A = 0 for unstudied items). 

Generate–source models have also been used in previ-
ous studies (Bodner et al., 2000; Jacoby, 1998; McBride &
Dosher, 2002) in fits to data from the PDP. The generate–
source model tree structure is similar to the structure of
the direct retrieval model, but the generate–source model
is based on a generate–recognize strategy (i.e., a response
is generated through an automatic process and then eval-
uated with a conscious recognition process). Subjects may

generate a target item through the automatic memory
process (A) in this model. If they fail to generate a target
item (1 2 A), a target may still be produced through an
automatic guessing generation process (G ) that does not
rely on memory of the target. Once an item has been gen-
erated (a target, through either the A process or the G
process), the subjects then subject the item to a conscious
source match with items they studied earlier (C ). If the
subjects are unable to generate the target item (through A
or G ), they respond either with a nontarget (alternate)
word that fits the cue through the W process or with no
answer (xxx) with a probability of 1 2 W. The generate–
source model does not assume independence between C
and A, since the C process is not engaged in every A and
1 2 A branch. The generate–source model fit in the pres-
ent study is displayed in Figure 2.

The direct retrieval and generate–source models just
described were fit in the present study to response fre-
quency data from the category production task to estimate
C and A memory processes. Memory parameters for the
semantic (CS and AS for conscious and automatic mem-
ory) and graphemic (CG and AG for conscious and auto-
matic memory) study conditions were compared for each
model to evaluate levels-of-processing effects on each mem-
ory process, using nested model fits that assumed equiva-
lent memory parameters for the two study conditions. 

METHOD

Subjects
Thirty-nine undergraduate students at Illinois State University

were subjects in the experiment. All the students were native Eng-
lish speakers and received extra credit for their participation. Data
from 1 subject were removed due to a failure to follow instructions,
leaving 38 sets of data for analysis.

Materials and Design 
The categories and exemplar items used in this study were mod-

eled from stimuli developed in a previous PDP study of the category
production task (McBride & Dosher, 2002). Sixteen categories (e.g.,
furniture, colors) were chosen from the Battig and Montague (1969)
category norms, with six exemplars per category (e.g, couch, blue),
for a total of 96 target items. Within each category, each exemplar
began with a unique letter. For each category, there was at least one
nontarget (i.e., alternate) item that began with the same letter as the
target. Words were randomly assigned to three lists of 32 items for
counterbalancing of the study tasks (semantic, graphemic, and un-
studied). Each study task list contained two randomly chosen exem-
plars from each category. From these lists, 1 item per category was
randomly selected for the inclusion task, and the other item was pre-
sented in the exclusion task. Therefore, for each subject, 16 items
were assigned to each study task by test task condition. Study task
and test task factors were manipulated within subjects.

Procedure 
The subjects began by completing the study portion of the exper-

iment. Sixty-four words were presented one at a time in the center
of the computer screen. A symbol (! or *) preceded each word to in-
dicate the study task. The subjects were instructed to rate the pleas-
antness of the word on a 1 to 7 scale if the ! appeared before the
word. If the * appeared before the word, they were to count the num-
ber of vowels in the word. The subjects pressed a number on the
number pad of the keyboard for each item, and then the next word
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and study symbol were shown. Symbols were displayed for 2 sec,
and the words remained on the screen until a response was made by
the subject.1 Each subject received a different random order of the
study items. Example items were presented in the instructions, to il-
lustrate the tasks.

During the test phase, the first letter of each of the 96 target items
was presented with its category name (e.g., furniture–c). The mes-
sage “Old” or “New” was also presented to indicate the inclusion
and the exclusion task instructions, respectively. A cue card on the
computer also provided a reminder of the inclusion/exclusion in-
structions associated with each message. For the inclusion trials, the
subjects were instructed to attempt to recall an item they had stud-
ied that started with the letter given and belonged to the category
presented. If they could not remember a studied item that fit the cue,
they were to respond with any item that fit the cue. For exclusion tri-
als, the subjects were instructed to use the cue to attempt to remem-
ber a studied item but then to generate a new (unstudied) item that
fit the cue as their response. In other words, on exclusion trials, they
were to respond with an exemplar of the category that they had not
studied in the first portion of the experiment. These instructions
were designed to encourage a direct retrieval strategy (see Jacoby,
1998). Examples of each type of task were presented to help the sub-

jects understand the instructions. All instructions were read aloud to
the subjects as they followed along on the screen.

Each test item was presented for 4 sec or until the subject pressed
the space key to begin typing their response. The subjects were
asked to type the entire word for their response at a prompt that ap-
peared at the top of the screen. For both tasks (inclusion and exclu-
sion), the subjects were asked to type “xxx” if they could not come
up with a response that fit the cue and the instructions. The next test
item was not presented until the subject had typed a response and hit
the return key. Test trials were presented in a different random order
for each subject.

Response Coding
Studied items and minor misspellings of studied items were coded

as targets. All other word responses were coded as alternate items. 

RESULTS

Response category frequencies were determined across
subjects for each study task by test task condition. These
data are presented in Table 1. Each row of Table 1 pre-

Figure 1. Direct retrieval model derived from Jacoby (1998). This model follows a direct
retrieval strategy.
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sents response category frequencies for 608 total trials 
(38 subjects 3 16 trials per condition).

Jacoby Equation Estimates
Jacoby’s (1991) PDP equations were used to calculate

parameter estimates for conscious and automatic memory
processes for each of the three study conditions (seman-
tic, graphemic, and unstudied). These estimates are in-
cluded in Table 2. A 2 (memory process) 3 3 (study con-
dition) repeated measures analysis of variance indicated
significant main effects of memory process [F(1,37) 5
36.70, p , .001] and study condition [F(2,74) 5 28.08,
p , .001], as well as a significant interaction [F(2,74) 5
43.66, p , .001]. Bonferroni tests further indicated that
the conscious memory estimate for semantic study (M 5

.33) was higher than the conscious estimate for graphemic
study [M 5 .11; t(37) 5 6.80, p , .001], whereas the au-
tomatic memory estimates showed the opposite pattern
[i.e., semantic lower than graphemic, with means of .23
and .31, respectively; t(37) 5 24.29, p , .001]. The au-
tomatic estimate for the semantic study condition (AS )
was also found to be lower than the average target baseline
rate [M 5 .32; t(37) 5 23.967, p , .001], indicating that
the subjects may have been employing a generate–recognize
strategy to complete the tasks.

Multinomial Model Estimates
The direct retrieval and generate–source models dis-

played in Figures 1 and 2 were fit to the response fre-
quency data presented in Table 1, using the AppleTree pro-

Figure 2. Generate–source model derived from Jacoby (1998). This model follows a 
generate–recognize strategy.
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gram by Rothkegel (1999) to estimate C and A memory
processes for semantic and graphemic study conditions.
In examining model fit, we used the G 2 statistic (Hu &
Batchelder, 1994), which is distributed similarly to x2. Pa-
rameter estimates are presented in Table 2 for the direct re-
trieval and the generate–source models. Two nested mod-
els were developed from each full model: one that assumed
CS 5 CG and one that assumed AS 5 AG. These models
were fit to the data and were compared with the full model
for statistical comparison of the C and A estimates for the
study task conditions. A G 2(1) difference was calculated
for each nested model from the full model to determine
whether the nested model fit was a significantly worse fit
than the full model. An alpha of .005 was used in accor-
dance with previous studies involving multinomial model
fits (Bodner et al., 2000; Erdfelder & Bredenkamp, 1998;
Jacoby, 1998; McBride & Dosher, 2002). Power was above
.99 in all fits, and effect sizes ranged from .04 to .12.

The direct retrieval model did not f it the data well
[G2(4) 5 17.40, p 5.002]. This result may indicate use of
a generate–recognize retrieval strategy. Because of the
poor fit of this model, no nested models tests are reported.

Further support of the use of a generate–recognize
strategy is provided by the good fit of the generate–source
model to the data [G2(4) 5 5.30, p 5 .258]. Conscious
and automatic estimates for this model followed predic-
tions of a levels-of-processing effect on both memory
processes. The nested model fits indicate that the C esti-
mates for semantic and graphemic study were significantly
different [G2(1) 5 38.18, p , .005]. The same results
were found for the A estimates [G 2(1) 5 13.26, p , .005],
indicating a conceptual influence on automatic memory.

From the model fits described above, it appears that the
generate–source model provides the better description of
the data from the category production task in the present
study. This may be due to a reliance on a generate–recognize
strategy by the subjects, despite use of direct retrieval in-
structions in this experiment. Jacoby (1998) has suggested
that evidence of baseline differences between the PDP
tasks may indicate use of a generate–recognize retrieval
strategy. A comparison of the baseline (unstudied) rates
in the inclusion and the exclusion tasks provided no evi-
dence of a difference between the tasks [t(37) 5 1.24, p .
.05]. However, Bodner et al. (2000) have also suggested a

comparison of the automatic estimate with the average
baseline target completion rate as a further test of the use
of a generate–recognize strategy. As was noted above for
the Jacoby equation estimates, the automatic estimate for
the semantic study condition was found to be lower than
the average target baseline rate. In addition, G estimates
from the generate–source model differed for the two tasks
(GI 5 .296 for inclusion and GE 5 .336 for exclusion), in-
dicating a difference in the likelihood of generating the
target through guessing. This result does suggest a strate-
gic difference between the inclusion and the exclusion
tasks, which can be interpreted as evidence that indepen-
dence between C and A has been violated for these data.
Therefore, it is likely that the subjects used a generate–
recognize strategy, rather than a direct retrieval strategy, to
complete the tasks, making the generate–recognize model
a better description of the data in the present study.

DISCUSSION

The results of the present study provide support for a
conceptual influence on both conscious and automatic
memory in conceptual tasks. The conscious estimates for
the semantic study condition were higher than those for
the graphemic study condition for both models. The auto-
matic estimate was also higher for the semantic condition
than for the graphemic condition for the generate–source

Table 1
Response Frequency (F ) Data for Each Study Task by Test Task Condition,

With Proportions (Ps)

Target Alternate No Response (xxx)

Condition F P F P F P

Inclusion
Semantic 300 .493 124 .204 184 .303
Graphemic 237 .390 135 .222 236 .388
Unstudied 180 .296 150 .247 278 .457

Exclusion
Semantic 98 .161 286 .470 224 .368
Graphemic 171 .281 255 .419 182 .299
Unstudied 204 .336 250 .411 154 .253

Table 2
Parameter Estimates from Jacoby (1991) Equations and Direct

Retrieval and Generate–Source Multinomial Model Fits

Conscious Automatic

Model M SD M SD

Jacoby (1991) equations
Semantic .332 .180 .228 .122
Graphemic .109 .193 .309 .104
Unstudied 2.004 .176 .322 .010

Direct retrieval model*
Semantic .331 .031 .001 .033
Graphemic .124 .034 .030 .029

Generate–source model†
Semantic .691 .033 .280 .034
Graphemic .337 .063 .133 .036

*G2(4) 5 17.40, p 5 .002; GI 5 .282, GE 5 .301, WI 5 .369, WE 5 .585.
†G2(4) 5 5.30, p 5 .258; GI 5 .296, GE 5 .336, WI 5 .369, WE 5 .585.
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model. These results support the levels-of-processing ef-
fects shown for explicit and implicit task performance on
conceptual tests (Hamann, 1990; Lee, 2000; Srinivas &
Roediger, 1990; Weldon & Coyote, 1996), while controlling
for the confound of explicit contamination in the implicit
tasks. The present findings provide evidence of a concep-
tual study manipulation on automatic memory estimates.

Conceptual Processing and Automatic Memory
In several previous studies (see Toth & Reingold, 1996,

for a review), conceptual effects on automatic forms of
memory have been examined. Overall, conceptual manip-
ulations appear to influence conscious memory in most
explicit tests but also influence automatic memory in im-
plicit conceptual tests. For example, Roediger et al. (1992)
found levels-of-processing effects on explicit word stem
and fragment completion tasks, but no effect on implicit
forms of these perceptual tasks. McBride and Dosher
(1999) and McBride et al. (2001) further supported these
results, using multinomial models to estimate C and A
processes for word stem and fragment completion tasks,
respectively. Conceptual implicit tasks, however, have
been shown to be influenced by conceptual encoding ma-
nipulations. Weldon and Coyote (1996) found levels-of-
processing effects in explicit and implicit category pro-
duction and word association tasks. Furthermore, Mulligan
(1997) found that dividing attention affected explicit and
implicit task performance in category production, and
Schmitter-Edgecombe (1999) confirmed these findings,
using the PDP and a direct retrieval multinomial model to
estimate C and A memory processes.

Using the PDP and multinomial models to estimate C
and A memory processes, the present study contributes
further evidence of conceptual effects on automatic mem-
ory by supporting Weldon and Coyote’s (1996) finding of
levels-of-processing effects in category production. The
present results suggest that conceptual effects on auto-
matic memory are not merely due to an artifact of explicit
contamination. These results are also consistent with a
transfer-appropriate processing explanation of memory
task results (Roediger, 1990). Conceptual processing em-
ployed in the semantic study task during encoding is rein-
stated at retrieval in the category production task, result-
ing in better memory for semantic study items. Furthermore,
semantic encoding elevates both conscious and automatic
memory in this task, indicating that processing type is the
predictive factor for memory results, not the memory
process (conscious or automatic) employed for retrieval.

The Models
In addition to the studies by McBride and Dosher (2002)

and Schmitter-Edgecombe (1999), the present study fur-
ther extends the use of multinomial models to the case of
category production tasks for estimating conscious and
automatic memory processes. It has been shown in past
studies that each model (direct retrieval and generate–
source) is appropriate for different retrieval strategies. Ja-
coby (1998) manipulated retrieval instructions and found
that each model fit the data only when the corresponding

retrieval instruction was given. Bodner et al. (2000) fur-
ther concluded that instructions are not sufficient for a
good model fit; the actual strategy used by the subjects is
the primary factor, and their results indicated that the in-
structions given did not always dictate the strategy used
by the subjects. Therefore, it is important to consider both
direct retrieval and generate–source models when esti-
mating processes from data produced in the PDP, such as
the models considered in the present study.

Although the direct retrieval model has been found to
be appropriate under certain conditions (Bodner et al.,
2000; Jacoby, 1998), it provided a poor fit to data in the
present study. This result is likely a direct result of a fail-
ure to induce a direct retrieval strategy in the present
study, despite use of direct retrieval instructions. The data
from the category production task were better described
by a generate–source model, which likely indicates use of
a generate–recognize strategy by the subjects. Although
no baseline differences were found between inclusion and
exclusion tasks in the present study, the direct retrieval
model automatic memory estimate for the semantic study
condition was found to be lower than the average baseline
target completion rate. Furthermore, when the assump-
tions of the direct retrieval model (e.g., assumption of in-
dependence between C and A memory processes) have
been violated, it has been suggested that the model un-
derestimates A processes (Bodner et al., 2000; Curran &
Hintzman, 1995; Russo, Cullis, & Parkin, 1998), which
could account for the low A estimates found in the present
study. In fact, Bodner et al. argued that the exclusion cri-
terion applied by subjects may be the cause of the under-
estimation of A estimates in conceptual conditions for the
direct retrieval model. The lower target response rate for
the semantic condition (M 5 2.58) than for the graphemic
condition (M 5 4.50) in the exclusion task for the present
study [t (37) 5 26.071, p , .001] supports their argument
and provides strong evidence that a generate–recognize
strategy was employed. These issues should be considered
in future studies when processes are estimated using the PDP.

In summary, the present study was designed to examine
conceptual effects on automatic memory for a conceptual
task, using the PDP and multinomial model fits to esti-
mate memory processes. Previous studies (e.g., Hamann,
1990; Lee, 2000; Srinivas & Roediger, 1990; Weldon &
Coyote, 1996) have found levels-of-processing effects on
conceptual implicit task performance. The memory esti-
mates from the generate–source model support conclu-
sions from past studies in which conceptual influences on
implicit/automatic memory have been examined.
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