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ABSTRACT. Implicit memory is evidenced when a subject benefits from a previous expe-
rience without making a conscious effort to recollect that prior experience. In the present
study, I examined the sensitivity of implicit memory to two variables: type of input pr0-
cessing and the temporal placement of the implicit memory test. Results indicated that
although implicit memory occurred in all conditions, its magnitude was sensitive to both
variables. The results are discussed in terms of the underlying nature of implicit memory,
including the role of transfer-appropriate processing.

IMPLICIT MEMORY IS quickly becoming a major topic in memory research.
Implicit memory's contribution is inferred when a subject's performance on a task
is enhanced without conscious effort by a prior experience. Typically its participa-
tion is invoked during the instructions portion of an experiment, when the subject
is prepared or primed by a previous experience to benefit on a later task. Implicit
memory tests differ from more traditional explicit memory tests in that during
explicit memory tests subjects are told to pay attention to stimulus items and to
expect a memory test to follow. Differences or dissociations can occur between

implicit and explicit memory performance.
Dissociations abound in this area of research. based on the subject popula-

tion: the aged (Light & Singh, 1987), amnesics (Koopman & Nissen. 1987; Mos-
covitch. Winocur & McLachlan, 1986), and in the cognitively impaired (Lan-
drum & Radtke, 1990). Other types of dissociations are based on different task
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parameters, such as retention interval (Graf & Mandler, 1984; Tulving,
Schacter, & Stark, 1982), the read-generate distinction (Hamann, 1990), concep-
tually driven and data-driven processing (Hirshman, Snodgrass, Mindes, & Fee-
nan, 199D; Jacoby, 1983) and transfer-appropriate processing (Graf & Ryan, 1990;
Roediger & Blaxton, 1987). Many researchers are now seeking methods of ex-
plaining the implicit~xplicit dissociation. As early as 1981, Jacoby and Dallas
found evidence that implicit memory tasks were more sensitive to contextual,
surface features, and that explicit memory tasks were more affected by semantic,
meaning-based manipulations. In other words, implicit memory is operative in
data-driven processes and explicit memory in conceptually driven processes (Ja-

coby, 1983).
A second explanation for the dissociation was suggested by Roediger and

Blaxton (1987), who emphasized transfer-appropriate processing. In transfer-
appropriate processing, memory performance improves whenever the type of pro-
cessing at input matches the type of processing at output, regardless of the
implicit/explicit memory distinction. That is, the similarity in types of processing
used at encoding and retrieval is more important than the nature of the instructions
(i.e., implicit or explicit). Recent evidence suggests that the transfer-appropriate
processing hypothesis explains implicit memory, in part, but that either implicit
memory is not predominately data driven (as believed) or that it is more prevalent
than originally thought (Hamann, 1990; Hirshman et al., 1990).

In the present study, I explored further the circumstances in which implicit
memory occurs. Implicit memory occurs in the elderly, the cognitively impaired,
amnesics, and in a variety of situations with "normal" subjects. By understanding
the conditions under which implicit memory occurs, one may gain a better under-
standing of this unique system, which holds up well when other memory mecha-

nisms fail.
In addition to type of processing, another variable of interest is the Zeigarnik

effect, which involves the placement of the implicit memory test in the experi-
ment. In 1927, Bluma Zeigarnik formulated the hypothesis that needs cause ten-
sions that persist until the needs are satisfied. Zeigarnik tested this hypothesis by
giving subjects a number of tasks and allowing them to complete some tasks while
leaving others unfinished. She found that subjects remembered the unfinished
tasks better, the "Zeigarnik effect:' Most studies examining the Zeigarnik effect
have been in the area of achievement motivation (Atkinson, 1953; Tudor &
Holmes, 1973; Weiner, Johnson, & Mehrabian, 1968).

In this study, I presented subjects 12 target words given in the context of a
list to be learned or a story to be read (two versions of the story were used; one
with the 12 target words underlined and the other without the underlining). Sub-
jects who memorized the list were given a recognition memory test; subjects who
read the story were given a comprehension test. Memorizing a list of words is
a relatively data-driven task; comprehending a story is a task that is relatively
conceptually-driven. The test for implicit memory (word completion) was given



either before or after the anticipated "test" (either a memory test or a comprehen-
sion test). This placement of the implicit memory test was considered a test of the
Zeigarnik variable. I hypothesized that implicit memory performance would be
better on tasks involving more data-driven processing and when subjects are inter-
rupted with the implicit memory test (that is, when the word-completion task

precedes the expected memory/comprehension test).

Method

Subjects and Design

Seventy-two University of Wisconsin-Platteville undergraduates enrolled in gen-
eral psychology participated in the experiment for course credit. Between-groups
variables included input processing (list. story. story), the Zeigarnik manipulation
(interrupted, noninterrupted), word list (A, B) and presentation order (order of
word sublists). Subjects in the list condition were instructed to memorize a list of
words for a later memory test. In the story condition, other subjects received the
same words embedded in the context of a story; however, these target words were
underlined in the text. In the story condition, the text was exactly the same as
story except that the target words were not underlined. All subjects completed the
anticipated memory/comprehension tests, but the results of these explicit mea-

sures were not of interest in this study.
The Zeigarnik manipulation refers to whether the implicit memory test inter-

rupted the anticipated study-test sequence presented to subjects or followed the
sequence (noninterrupted). Different word lists were used, and the order of their

presentation was counterbalanced.
Half the problems presented during the word-completion task had potential

answers that had been shown during the earlier study phase (either memorizing a
list or reading a story). Each word-completion problem had a specific target re-
sponse. When a subject responded with a target word that had been seen pre-
viously in the study phase, that event is referred to as presented (that is, the target
response was previously presented and was subsequently provided by the subject
in a word-completion problem). When a subject responded with a target response
that had not been previously seen, that event is referred to as control (that is, the
target response was not previously presented, but the subject by chance generated
the target response). By comparing the number of peiformances of presented
items and control items reported by each subject, I could compare the relative
degree of priming to a baseline measure of responding. Thus, each subject served
as his or her own controL Priming is the beneficial effect of implicit memory,
calculated as the difference between items previously seen being identified as
target solutions (presented) and items not previously seen being identified as tar-

get solutions (control).
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Materials

The target words. stories. and comprehension questions were all used in previous
unpublisl}ed studies (Landrum & Radtke. 1987). Four lists of 12 words were gen- .
erated. each having five or six letters and having unique initial two-letter se-
quences. Half of each list was composed of target words; the remaining words
were not previously presented. These word lists were counterbalanced so that
each list served equally often as a presented or as a control list.

Each subject was presented with two lists of 12 words each. Order of presen-
tation of the lists was counterbalanced. Each word-completion problem was pre-
sented with the first two letters of the word and a series of dashes to indicate its
length. Each word-completion problem. such as 00--, had at least eight possible
solutions.

Procedun

Subjects were tested in groups. Half the subjects completed a study-test sequence
in which the word-completion problems were administered after the anticipated
test (noninterrupted), and the remaining subjects' study-test sequence was inter-
rupted by the word-completion problems. That is, in the interrupted condition, the
word-completion task appeared in between the stated study-test sequence. In the
noninterrupted condition, the word-completion task followed the stated study-
test sequence.

In terms of input processing, subjects gjven the list condition were presented
with two consecutive lists of 12 words each and were given 4 min to memorize
each list. This exact procedure was followed in the story and story conditions,
except that subjects read two stories for 4 min each and were told that a reading
comprehension test would be given later. Twelve words were embedded in each
story. The words in the story condition were underlined, but this was not explicitly
brought to the attention of the subjects.

1be anticipated test, comprising either story comprehension questions or a
recognition memory test, was administered for 2 min. After looking at the first
two letters indicated, subjects wrote down the first word that carne to mind that
was the appropriate length.

Results

Type of input processing significantly influenced overall word completion perfor-
mance, F(2, 48) = 3.13, p < .05, with the most responses (overall, including
presented and control responses) in the list condition. followed by the story and
story conditions. respectively. There was a significant degree of implicit memory
overall across all conditions. F(1. 48) = 41.60. P < .001.



There was also a significant Input Processing (list, story, story) X Priming
(presented, control) interaction, F(2, 48) = 4.19, P < .05 (see Figure I). The
amounts of priming caused by the three conditions were consistent with the data-
driven association with implicit memory established by others (e.g., Roediger &
Blaxton, 1987). Though it only approached significance, there was an InteractIon
of priming and the Zeigamik variable, F(I, 48) = 2.74, P = .10. Although only
marginally significant, the results indicate a trend toward more priming when a
subject's recall is interrupted by the implicit memory test. These results are pre-

sented in Figure 2.
There may be a potential confound in comparing the priming results between

the interrupted and noninterrupted conditions. In the interrupted condition, the
target words were presented and then followed immediately by the word-
completion test, hence "interrupting" the anticipated study-test sequence. In the
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non interrupted condition, the target words were followed by two 2-min "tests"
(either recognition memory or story comprehension), immediately followed by
the word-completion problems. Was the decline in implicit memory caused by the
interference of the 4 min of testing given in the noninterrupted condition, or by
the mere passage of time?

Thirty-six additional subjects participated in an additional control condition
in which, after the targets were presented, a 4-min timed-delay elapsed before
subjects were allowed to worle on the word-completion problems. An analysis of
variance indicated that there was no difference in priming performance between
the non interrupted condition and this new control condition, F(I, 66) = 0.19, rIS.
The percentages of presented and control items in the noninterrupted condition
were 17.9% and 9.7% respectively (see Figure 2); the percentage of presented
and control items in the new control condition were 17.9% and 8.2% respectively.



Both these results indicate that, regardless of the type of disruption (either a test
or time passing), implicit memory is affected to some extent when compared with
the noninterrupted condition. That is, implicit memory is adversely affected both
when it (pllows the study-test sequence and when an additional interval is placed
in the study-test sequence.

Discussion

A number of variables influence implicit memory. In the present study, I exam-
ined two of these variables: type of input processing and the sequence in which
the tasks were presented (either interrupting an anticipated sequence or not). I
also found that both variables influence the course of implicit memory substan-
tially.

The results from the conceptually driven data-driven manipulations support
the notion of ttansfer-appropriate processing in implicit memory. As presented
in Figure I, the more data-driven processing in the list condition led to better
performance in word completion (primarily a data-driven task). As the tasks be-
came less data-driven (more toward the conceptually driven end of the contin-
uum), the amount of implicit memory decreased significantly. However, follow-
up tests indicated that a significant level of priming remained in each condition,
Fs(l, 47) = 16.11,13.92, and 7.17 for the list, story, and story conditions, respec-
tively. Although transfer-appropriate processing helps to explain the relative
amounts of implicit memory (priming), implicit memory was robust enough to
occur even in conceptually driven situations.

The word-completion task was presented either as an interruption between
the study-test phase or following the study-test sequence. The marginally sig-
nificant interaction depicted in Figure 2 suggests that this variable makes a smaIl
difference. Word-completion performance was better when the stated tasks of the
study were not over, that is, when the implicit memory task was an interruption
(similar to Zeigarnik's 1927 effect). The present results indicate that the general
placement of the implicit memory test does influence priming. Although follow-
up tests indicated significant priming in both the interrupted and noninterrupted
conditions, Fs( I, 71) = 34.21 and 8.55, respectively, the marginally significant
interaction indicated a decline in priming. Implicit memory is robust, but it is not
unaffected by variations in procedural details.

I found additional evidence supporting the importance of the distinction be-
tween data-driven and conceptually driven processing in implicit memory, as well
as some evidence supporting the role of transfer-appropriate processing. The
strength of implicit memory effects must be tempered by considering other con-
textual issues such as the Zeigarnik effect manipulation in the present study. The
degree of priming observed is sensitive to both types of processing and the se-
quence of task presentation.
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