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Maintenance rehearsal of verbal material has traditionally been viewed as a unitary
process involving the recirculation of information through memory. According to
one view, this recirculation results in long-term memory traces; according to another,
it does not. We propose an alternative model that views maintenance rehearsal as
a two-stage activity. The first stage, which demands effort, consists of various processes
involved in retrieving an articulatory program of the to-be-rehearsed material,
loading it into a rehearsal buffer, and beginning to execute it. The second stage is
hypothesized to be more automatic. It involves repetitive execution of the rehearsal
program. According to this model, it is especially the first stage that causes the
creation of long-term memory traces. We tested the model by applying three criteria
to establish the distinction between a controlled and a more automatic component
of rehearsal. The experiments that included these tests also compared maintenance
and elaborative rehearsal conditions both on the criteria for distinguishing controlled
and automatic processing and on their respective effects on the establishment of
long-term memory traces. Overall, the results of these experiments provide support
for a two-stage model of maintenance rehearsal and for the assertion that the early
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stage causes rehearsed material to be stored with some permanence.

During the past 10 years or so, a controversy
has developed concerning the effect of rehearsal
on the storage of information for long periods
of time. There is general agreement that var-
ious elaborative rehearsal strategies such as
chunking and creating mental images have
beneficial long-term memory consequences.
The controversy concerns maintenance re-
hearsal, the strategy of repeating material over
and over again.

At one level, the controversy is rooted in
theory. Atkinson and Shiffrin (1968) and oth-
ers have asserted that maintenance rehearsal
results in a transfer of information from short-
to long-term memory. However, Craik and
Lockhart’s (1972) levels-of-processing view
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sees maintenance rehearsal as an operation
that holds a particular code intact without cre-
atihg deeper, more lasting codes.

At another level, there is substantial em-
pirical disagreement about the long-term
memory consequences of maintenance re-
hearsal. A number of empirical studies have
found that this strategy results in memory
traces that far outlast the rehearsal process
iteself (e.g., Dark & Loftus, 1976; Darley &
Glass, 1975; Glenberg, Smith, & Green, 1977,
Maki & Schuler, 1980; Mechanic, 1962; Mo-
digliani, 1976; Rundus, 1971; Woodward,
Bjork, & Jongeward, 1973). However, other
studies have found no effect at all of mainte-
nance rchearsal on later retrieval (e.g., Craik,
Gardiner, & Watkins, 1970; Craik & Watkins,
1973; Gotz & Jacoby, 1974; Jacoby & Bartz,
1972; Meunier, Ritz, & Meunier, 1972; Mo-
digliani & Seamon, 1974; Roenker, 1974;
Rundus, 1977; Tulving, 1966).

Why the empirical discrepancy? Nelson
(1977) cited three methodological issues that
are relevant to the controversy: lack of statis-
tical power in various studies, lack of control
over the rehearsal activity itself, and lack of
control over relevant prior memory tests that
may affect later retrieval performance.

This list can be supplemented with other
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problems as well. First, there are large differ-
ences among the various tasks that have been
used to engage maintenance rehearsal. One
may well imagine that some tasks are more
successful than others in having subjects just
repeat the to-be-tested material without trying
to retain it. Second, some experiments have
used recall as a measure of later retention
whereas others have used recognition, tests that
may differ greatly in sensitivity to stored traces
of the rehearsed material. In fact, Woodward
et al., (1973) and Glenberg et al. (1977) dem-
onstrated effects of maintenance rehearsal on
later recognition but not on recall.

Then there is the problem of how to define
maintenance rehearsal operationally. It will not
do, of course, to define it by its lack of con-
sequence for long-term memory because this
is precisely what is at issue. One feature that
is clearly traditional in a definition of mainte-
nance rehearsal is repetition. Operationally,
though, this is insufficient, because it is difficult
to observe whether subjects are engaged merely
in repetition of a body of material. We can
supplement this feature with the requirement
that maintenance rehearsal be engaged exclu-
sively for the short-term manipulation of in-
formation (Nairne, 1983). Finally, we and
others have added to the repetition criterion
the feature that maintenance rehearsal not
place heavy demand on central processing ca-
pacity (Glenberg & Adams, 1978; Naveh-
Benjamin & Jonides, in press). However, this
too is problematic. As we have argued, Glen-
berg and Adams (1978) might have called on
too stringent a criterion of light capacity de-
mand (Naveh-Benjamin & Jonides, in press).
In the absence of some absolute criterion for
what a heavy or a light demand is, we prefer
to define the presumed light demand by com-
parison with elaborative rehearsal, which is
assumed to place a heavier demand on re-
sources. Later, we assert that even within the
act of maintenance rehearsal, capacity demand
varies; nonetheless, the act as a whole, by def-
inition, is asserted to require a lighter capacity
usage than elaborative rehearsal.

Defined in this way, maintenance rehearsal
does seem to establish traces with some du-
rability (Glenberg & Adams, 1978; Naveh-
Benjamin and Jonides, in press). However, the
available evidence suggests that it is the early
segment of a maintenance rehearsal act that
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produces long-term memory effects. This was
shown in our earlier work in which the first
few rehearsals in a sequence were shown to
have an effect on later recognition performance
for the rehearsed material, whereas later re-
hearsals had a relatively small effect (Naveh-
Benjamin & Jonides, in press). Also, in a recent
study, Nairne (1983) showed that associative
learning during rote rehearsal is limited to the
initial stage of the rehearsal interval. These
patterns of results lead us to propose a two-
stage model of maintenance rehearsal, only
one stage of which has a significant effect on
the creation of long-term memory traces. The
first stage occurs early in the rehearsal se-
quence. It consists of various processes that
are required to retrieve an articulatory code
of the to-be-rehearsed material, to program
this code for execution, to set up timing for
recirculation of the code, and to fine tune its
first few executions.

The second stage is a product of the first.
After an item has been rehearsed several times,
we presume that the act of rehearsing it be-
comes more automated. Now, some may object
that the literature concerned with the auto-
maticity of cognitive processes indicates that
it takes extensive practice to automate a mental
activity (e.g., Schneider & Shiffrin, 1977), so
how could rehearsal become automated in a
matter of seconds? A plausible response to this
is that highly practiced skills such as speech
production are much more susceptible to au-
tomation than are newly learned skills when
the parameters of the produced speech are
held constant (see Logan, 1979, and MacKay.
1982, for discussions of the speed with which
some aspect of processing may become au-
tomated).

What are the implications of this model of
maintenance rehearsal for tests of memory for
the rehearsed items? A recent line of research
lends support to the hypothesis that the
amount of cognitive effort or attention that is
devoted to a task has a direct effect on memory
performance for items in the task (e.g.,
Eysenck & Eysenck, 1979; Johnston & Heinz,
1978; Tyler, Hertel, McCallum, & Ellis, 1979).
This finding is made especially relevant to
maintenance rehearsal by the finding of Gei-
selman, Woodward, and Beatty (1982), who
found that cognitive effort helped maintenance
rehearsers build long-term memory traces.
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Suppose that the extent to which relatively
permanent traces are laid down by mainte-
nance rehearsal is a function of the degree to
which this rehearsal is demanding of cognitive
capacity. Because, by hypothesis, the first stage
of rehearsal demands more cognitive capacity
than the second, we would expect to find a
larger effect of the first stage on later memory
performance than of the second stage. This
pattern of results has been obtained in our
previous research (Naveh-Benjamin & Jo-
nides, in press), in the work of Geiselman and
Bjork (1980), and in research by Nairne
(1983).

The present series of experiments further
tested this model in two ways. The first test
concerned the later memory consequences of
rehearsal. The model predicts that for mainte-
nance rehearsal, an increase in the number of
repetitions of an item early during the rehearsal
period would result in the creation of a more
accessible memory trace for later retrieval.
However, further rehearsals would have little
if any further effect on strengthening the trace.
To evaluate this prediction, we compared the
effects of maintenance and elaborative re-
hearsal, because by hypothesis, the contin-
ued effort devoted to elaborative rehearsal
throughout the rehearsal period should have
a progressively greater effect on the retrieva-
bility of the rehearsed item.

The second test of the model involved a
comparison of early and late stages of mainte-
nance rehearsal (repetition) using a series of
criteria to distinguish whether rehearsal is au-
tomatic. In order to provide a baseline for this
comparison, we included an elaborative re-
hearsal condition in which subjects were re-
quired to rehearse the memory items effort-
fully throughout the rehearsal period. The
model] predicts that the automaticity criteria
should discriminate between the two hypoth-
esized phases of maintenance rehearsal, com-
pared with a baseline provided by the elabo-
rative rehearsal condition.

In order to execute the tests concerned with
automaticity, we applied three criteria that
have been used to test whether a process is
automatic (see Jonides, 1981, and Posner &
Synder, 1975, for discussions of these criteria).
Perhaps the most frequently cited criterion for
an automatic process is its relatively light de-
mand for cognitive resources. In the present
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context, this can be interpreted to mean that
Stage | of maintenance rehearsal demands
more processing resources than does Stage 2.
To test this hypothesis, we used a multiple-
task procedure in which subjects were re-
sponsible for detecting a probe stimulus during
the intervals when they were rehearsing (see
Stanners, Meunier, & Headley, 1969, for a
similar procedure). Examining probe response
time (RT) as a secondary task at various points
in the rehearsal sequence enabled us to assess
changes in the capacity demands of mainte-
nance rehearsal (compared with elaborative
rehearsal) throughout its execution.

Our second criterion for automaticity con-
cerns the extent to which rehearsals become
stereotyped as they continue. Typically, as skills
or routines become progressively more auto-
matic, they become more uniform and un-
varying in their characteristics. In fact, it is
precisely this decrease in variance that is one
of the key benefits of automation: It permits
predictable execution of a skill, thus allowing
the performer to dispense with higher level
control (a fact for which professional golfers
among other athletes are surely thankful). In
the first experiment, we examined the devel-
opment of stereotypy in each rehearsal se-
quence by measuring variability in the du-
ration of the rehearsal utterances. Qur pre-
diction was that variability would decrease
with more rehearsals, but only for maintenance
rehearsal, not for elaborative rehearsal.

The third criterion for automaticity has been
recognized at least since the classic experi-
ments of Stroop (1935): In general, subjects
have a difficult time interrupting an automatic
process once it has begun. For maintenance
rehearsal, we translated this criterion into a
prediction that as overt utterances of a re-
hearsal sequence continued, subjects would
find it progressively more difficult to interrupt
these utterances in order to produce a different
utterance. Once again, we tested this prediction
by comparing maintenance rehearsal with
elaborative rehearsal.

Overall, then, the experiments had two ma-
jor goals: to examine the memory conse-
quences of the two hypothesized stages of
maintenance rehearsal and to test whether
early and late portions of a maintenance re-
hearsal sequence could be discriminated ac-
cording to their degree of automaticity.
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Experiment 1: Processing
Capacity and Stereotypy

In order to meet the research objectives out-
lined above, we adopted a paradigm developed
by Glenberg and Adams (1978) that we had
used previously (Naveh-Benjamin and Jo-
nides, in press). In this paradigm, subjects’
main task on each trial was to hold 3 two-
digit numbers in memory briefly and then se-
rially recall them, as in the Brown-Peterson
task. As a distractor task during each retention
interval, subjects were presented a pair of
words to repeat over and over again, with dif-
ferent word pairs used for different intervals.
After all trials were completed, subjects were
required to respond to a forced-choice, cued
recognition test for the words that had been
recited during the retention intervals.

This paradigm corrects for various meth-
odological problems of previous studies: First,
in order to elevate performance above the floor,
recognition, rather than recall, was employed
as an assessment of later retrieval. Second, a
sufficient number of subjects and trials were
included to provide power to detect the some-
what larger effects that were expected with a
recognition test. Third, subjects were required
to repeat the words aloud, so that their re-
hearsal activity could be monitored. Fourth,
we used a demanding primary task (storing 3
two-digit numbers) to keep attention diverted
from rehearsal. Finally, no initial assessment
of retrieval was given for the rehearsed words,
so that the final recognition test was uncon-
taminated by previous tests.

Note that if subjects are not told of the later
recognition test, the paradigm provides a good
opportunity to test for incidental learning of
words that have been stored, using only the
maintenance rehearsal strategy of repetition.
This feature of the technique was further en-
hanced by subjects’ belief that recall of the
numbers on each trial was their principal task.
So it was to their advantage, when they did
not expect the later recognition test, to for-
get the words after each rehearsal period
ended. This incidental learning-maintenance
rehearsal condition was contrasted with an-
other condition, in which subjects were told
about the later recognition test and were in-
structed to use an elaborative rehearsal strategy
for remembering the words.
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The present experiment tested two criteria
to discriminate effortful from automatic pro-
cessing during maintenance rehearsal: the ex-
tent of draw on processing resources and the
degree to which rehearsal utterances become
stereotyped. We tested the first criterion by
examining RTs to probes that appeared while
subjects were rehearsing. For maintenance re-
hearsal, we predicted that early during a se-
quence, these RTs would be high relative to
the RTs late in a sequence. For elaborative
rehearsal, we predicted no systematic change.
The second criterion was tested by examining
the variability of rehearsal utterances early and
late in a sequence. Our model predicted de-
creasing variability for maintenance rehearsal
and no change for elaborative rehearsal.

Method

Design. The experiment included two major indepen-
dent variables. The first, varied within subjects, was the
number of rehearsals required on each trial (1, 4, or 10).
The second, varied between subjects, was the instruction
under which rehearsal occurred. In one condition, subjects
were told simply to repeat the words (maintenance re-
hearsal, with the later recognition test being a test of in-
cidental memory); in the other, they were told to create
images linking the words and to elaborate these images to
prepare for a later memory test (elaborative rehearsal, with
intentional memory for the rehearsed words).

There were several dependent variables in the experi-
ment. We measured recall of the numbers, characteristics
of the overt rehearsal utterances of the words, probe RT
performance, and later recognition performance.

Subjects. Fifty students at the University of Michigan
served as paid volunteers in a session approximately 90
min long. The subjects were each paid $5 for their par-
ticipation.

Apparatus. Stimuli were displayed on the face of a
VT-52 terminal that was interfaced with a PDP-11/60
computer. The terminal was located in a lighted, sound-
proof booth. A small loudspeaker was placed in front of
subjects. A portable Sony tape recorder with a condenser
microphone was used to record the sessions. The stimuli
for the cued recognition test were typed on five sheets,
which subjects completed by hand.

Stimuli. There were four types of stimuli that were
employed in each experimental session:

1. Numbers: From the subjects’ point of view, the main
experimental task was to memorize and recall sets of 3
two-digit numbers. These numbers were selected randomly
with the following constraints: All stimuli were drawn from
the numbers 12-98 inclusive; no numbers whose two digits
were identical (e.g., 55) were included; no two numbers
in a set were chosen from the same decade; no two numbers
in a set were integer multiples of one another. With these
constraints, the numbers in each set were randomly selected
for each subject.

2. Words: Throughout each interval during which the
numbers were to be retained, subjects were required to
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recite aloud (rehearse) a pair of words. The words chosen
for rehearsal were all one-syllable words of three to five
letters in length and of greater frequency than 20 occur-
rences per million (Kudera & Frances, 1967). In addition,
they were paired so that the words in a pair neither rhymed
nor had any obvious semantic relationship. Otherwise the
selection and pairing of words was accomplished randomly.

3. Probes: On 66% of the trials, a visual probe (an
asterisk in the center of the display) appeared during the
retention interval on the face of the terminal. Subjects
were required to respond to this probe as fast as possible
while continuing rehearsal by pressing the space bar on
the keyboard of the terminal.

4. Recognition test: After all experimental trials were
completed, subjects were given a four-alternative, cued
recognition test for the words that had been recited during
the rehearsal intervals. Each recognition trial consisted of
a cue word that was randomly chosen from the two words
that had been rehearsed in each rehearsal pair. This word
appeared on the left margin of the page. On the right,
there were four words. One of these was the other word
in the pair and the others were distractor words that had
been chosen using the same principles used to select the
words for rehearsal. These distractor words had not been
used in the first phase of the experiment. The order of the
four words for each recognition trial was randomized with
respect to position on the answer sheet.

Trial structure. There were 130 trials in the experiment,
Of these, the first 13 were considered practice and were
not analyzed. Furthermore, the next 6 trials after the prac-
tice trials and the last 5 trials of the experiment were also
excluded from analysis in order to minimize the effects
of primacy and recency in the later recognition test. Thus,
there remained 106 test trials. On each of these trials, and
on the remaining 24 that were not included in the analysis,
the following sequence of events occurred:

First the word ready appeared for 2 s, centered on the
face of the terminal. Following this, 3 two-digit numbers
appeared for 4 s; they were horizontally arrayed and cen-
tered on the screen. The numbers were then replaced by
two words, also centered and horizontally displayed, that
remained in view for 0.6 s.

Following presentation of the words, subjects heard a
set of tones through a loudspeaker in front of them. Each
tone was 1000 Hz and was presented for 75 ms. There
was a stimulus onset asynchrony of 1,200 ms between
successive tones, There were 1, 4, or 10 tones presented.
Each length of tone sequence appeared with equal prob-
ability, and the various lengths were distributed randomly
in a session. This design was intended to prevent subjects
from predicting the length of a rehearsal interval. We chose
the intermediate length of 4 after results from pilot studies
suggested that rehearsing automated after about 4 re-
hearsals. Following the tones, the word recall appeared on
the screen. Subjects could then type their recall of the
three numbers. After making any necessary corrections,
subjects pressed the return key on the terminal at their
leisure. This initiated a 5-s interval before the next ready
signal appeared.

During presentation of the tones, a probe might have
appeared on the screen. The probe appeared 250 ms! after
the onset of either the 1st, the 4th, or the 10th tone in the
sequence. In all trials, the probe appeared after the last
tone in the sequence (i.e., during the last rehearsal).?
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Table 1
Frequencies of Probes at Various Positions
in the Rehearsal Sequence

No. of rehearsals
Probe appearance 1 4 10
During 1st rehearsal 39 0 0
" During 4th rehearsal 0 26 0
During 10th rehearsal 0 0 13
No probe 0 13 26

The choice of 250 ms as the stimulus onset asynchrony
with respect to the tone was based on results of pilot
studies that indicated that such a latency period would
ensure that the responses to the probes would be made,
on the average, roughly simultaneously with the overt re-
hearsal and hence would fulfill the requirements of a dual
task.

The overall probability of probe appearance was 66%.
The probabilities of probe appearance in the various re-
hearsal positions were 33% for a probe in Position 1, 22%
for a probe at Position 4, and 11% for a probe at Position
10. With these values for overall probabilities, the con-
ditional probabilities of probes given that subjects knew
that they were about to engage in their Ist, 4th, or 10th
rehearsals were each 33%. The actual distribution of trials
with probes in various positions in the rehearsal sequence
is presented in Table 1. This distribution was constructed
to prevent subjects from predicting when a probe would
be presented.

Procedure. Subjects were run individually. They began
a session with instructions about the structure of a trial:
They were told that they would be presented with three
numbers to hold in memory for a variable period of time,
during which they would be required to rehearse a word
pair into a microphone at a pace set by the tones. They
were told to respond to the tones as quickly as possible
without making anticipatory errors, and to respond to the
probe when necessary while continuing the rehearsal. In
addition, subjects were told about the sequence of events
on each trial and about how to enter their number recall
on the keyboard.

In the incidental-maintenance rehearsal condition, the
task instructions requested subjects to concentrate on the
number task, to keep pace with the rehearsal tones, and
to devote any spare processing capacity to the probe task.

! In pilot studies in our laboratory, we have found no
difference in either word recognition or number recall for
trials with a probe compared to trials with no probe.

2 The probe remained in view until the subject re-
sponded. If the response time was longer than 750 ms,
subjects were presented with a message to this effect, and
the trial ended; otherwise, their responses to the probes
(depressing a space bar key) were not accompanied by
feedback. Responses of greater than 750 ms (these ac-
counted for 5% of all responses) were not included in the
analyses reported later. These excluded responses were dis-
tributed equally between the two conditions.
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Nothing was mentioned about the word recognition task.
In the intentional-claborative rehearsal condition, subjects
were told about the later recognition test for the words,
and they were urged to rehearse the words elaboratively
in order to remember them. Specifically, it was suggested
that they create a mental image on each trial such that
the images of the words in each pair interact with-each
other. They were also told that while continuing to rehearse,
they should try either to change the interactions between
the images or to make the images more vivid. They were
told that previous research had shown that such strategies
helped subjects in the later recognition test. They were
cautioned, however, to keep their recall on the number
task at a reasonable level. Finally, as in the other group,
they were told to keep pace with the rehearsal tones and
to devote any spare processing capacity to the probe task.

Following these instructions, there were 13 practice trials,
during which the experimenter corrected the subjects on
any errors that were made. Then the subjects proceeded
with the remaining 117 trials. The experimenter continued
to monitor subjects’ performance on the task via an in-
tercom and corrected any deviations from the instructions.
All sessions, including auditory stimuli and rehearsal ut-
terances, were recorded on magnetic tape.

After completing the experimental trials, subjects called
the experimenter, who then administered the recognition
test. Subjects had as much time as they needed to complete
this test.

Each session ended with a questionnaire that inquired
about subjects’ introspections, about their compliance with
- the instructions (e.g., whether they followed the elaboration
instructions in- the intentional condition), and also about
whether they had anticipated the recognition test.

Results

We begin by presenting data for the number
recall, word recognition, and probe RT tasks.
Following this, we report the results of several
other analyses that bear on the hypotheses.
The results reported include only 44 of the 50
subjects. Six subjects were excluded from fur-
ther analysis. Two of them had recall rates of
0%. The other 4 did not obey the instructions
of their respective conditions: 2 in the inten-
tional condition reported in the posttest ques-
tionnaires that they did not expect the final
recognition test and therefore did not use im-
agery as an elaborative technique; the other 2
subjects in the incidental condition were ex-
cluded because they had suspected the final
word recognition test and used elaborative
techniques.

Number recall. Table 2 presents the per-
centage of numbers recalled as a function of
rehearsal condition and number of rehearsals.
In tabulating these data, a strict criterion was
used in which a response was scored as correct
only if all 3 two-digit numbers were recalled
in their correct order of presentation.

Table 2

Mean Percentage of Correct Responses for
Number Recall as a Function of Number
of Rehearsals and Rehearsal Condition

No. of rehearsals

Rehearsal
condition 1 SD 4 SD 10 SD

Incidental
maintenance 64.7 20.3 52,7 22,1 470 27.6
Intentional
elaborative  45.8 26.7 32.8 284 299 285

Table 2 shows that performance was at a
reasonable level, high above chance (which is
only negligibly higher than 0%). Even after 10
rehearsals, subjects on the average correctly
recalled the numbers on about 38% of the
trials.

The data in Table 2 reveal two trends that
were confirmed by an analysis of variance
{ANOVA). (An alpha level of p < .05 is used
for all tests reported in this article.) First, recall
performance was significantly higher for the
incidental condition, F(1, 42) = 6.41. Second,
recall performance dropped with increasing
number of rehearsals, F(2, 84) = 31.62. There
was no significant interaction effect of the two
variables, F(2, 84) = 0.21. Both of the main
effects are to be expected in a task of this sort.
Because the number task is the primary one
for the subjects in the incidental condition,
they apparently pay more attention to it in
comparison with subjects in the intentional
condition, who have to split their attention
between this task and the word elaboration
task. Also, the standard effect of a distractor
activity on number recall is to cause interfer-
ence with the retained numbers and hence to
cause a decrease in number recall performance
with extended rehearsal periods (see Naveh-
Benjamin and Jonides, in press, for a discus-
sion criticizing the use of no change in number
performance as a criterion of maintenance re-
hearsal).

Word recognition. Table 3 presents the
percentage of correct responses on the final
recognition test. Inspection of these data re-
veals that recognition performance was above
chance, #(42) = 8.53, a result that confirms
the claim that recognition is sufficiently sen-
sitive to detect the existence of long-term
memory traces in this task.
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Table 3

Mean Percentage of Correct Responses for the
Word Recognition Test as a Function of Number
of Rehearsals and Rehearsal Condition

No. of rehearsals
Rehearsal
condition 1 SD 4 SD 10 SD
Incidental
maintenance 424 8.6 480 95 504 115
Intentional
elaborative 553 93 615 101 690 119

The proposed two-stage model of mainte-
nance rehearsal predicts that early rehearsals
in a sequence, being nonautomatic, cause
memory traces of the rehearsed items to be
strengthened for later retrieval, whereas the
more automatic later rehearsals in a sequence
have little if any effect on trace strength. By
contrast, elaborative rehearsal is presumed to
cause a steady increase in trace strength within
reasonable limits. To test these predictions, we
examined two planned comparisons of the
Rehearsal Type X Rehearsal Interval interac-
tion: one with rehearsal interval 1 versus 4
and one with rehearsal interval 4 versus 10.
These two planned comparisons of interactions
were conducted with the modified Bonferroni
test; they had the following critical value: F(1,
42) = 4,08, p = 0.05. For details of these anal-
yses, see Keppel (1982).

The Rehearsal Type X Rehearsal Interval
interaction (for 1 vs. 4 rehearsals) was not sta-
tistically significant, F(1, 42) = 0.89, MS, =
47.05. The comparable interaction for the in-
terval of 4 versus 10 rehearsals was reliable,
F(1, 42) = 4.73, MS. = 56.39. This pattern
of results is precisely that predicted by the
model. Although the effects are relatively small,
they are consistent with pilot data as well as
with the results of the second experiment.

It is perhaps not surprising to discover also
that, overall, recognition performance was su-
perior in the intentional-elaborative condition
than in the incidental-maintenance condition,
1(42) = 5.49. This effect is especially impressive
because it was obtained despite the fact that
the task of the intentional-elaborative group
involved the distraction of overt rehearsal in
addition to the creation of imagery. Overall,
the results of our word recognition measure
agree quite well with those previously obtained
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by Meunier, Kestner, Meunier, and Ritz
(1974), who used a quite different paradigm
to measure long-term effects of rehearsal.
Probe responses. Table 4 presents the probe
RT data as a function of rehearsal condition
and number of rehearsals. The coefficient of
variation for these data (less than 10%) is cer-
tainly within the expected range for RTs. This
is especially impressive because subjects viewed
the probe task as secondary in importance.
As with the recognition data, two planned
comparisons were used to test whether probe
RT performance conformed to the predictions
of the two-stage model. The Rehearsal
Type X Rehearsal Interval interaction (for in-
tervals 1 vs. 4) showed no reliable effect, (1,
42) = 2.91, MS, = 67.05. By contrast, there
was a reliable effect for the interval 4 versus
10, F(1, 42) = 8.58, MS. = 79.9. A planned
comparison to assess the overall effect of re-
hearsal type on probe RT did not reveal a
reliable difference, #(42) = 1.73. We can ex-
plain these results with the assumption that
there is a fixed total capacity of processing
resources devoted to all three tasks (number,
rehearsal, and probe) for both conditions. This
result then indicates that subjects must have
drawn resources from either the number or
the rehearsal tasks in the second stage of the
incidental-maintenance condition in order to
enhance their performance on the probe task.
But we also know, from an analysis of the data
in Table 2, that there was no reliable difference
in trend for number task performance as a
function of number of rehearsals across the
two conditions. So we must conclude that the
improved probe performance of the incidental-
maintenance group between 4 and 10 rehears-
als (relative to the elaborative group) came
from attentional resources freed from the re-
hearsal process, which in turn resulted in no

Table 4

Mean Manual Probe Reaction Times (in ms) as a
Function of Number of Rehearsals and

Rehearsal Condition

No. of rehearsals
Rehearsal
condition 1 SD 4 SD 10 SD
Incidental
maintenance 507 46 495 41 473 36
Intentional
elaborative 504 51 499 47 513 47
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further increase in recognition performance
during this interval.

These results support the hypothesized
model of maintenance rehearsal. Working with
the assumptions underlying multiple-task
methodology, the results lead one to conclude
that there is no detectable change in capacity
allocated for rehearsal during the first few
maintenance rehearsals, but after maintenance
rehearsal becomes more automatic, by hy-
pothesis, there is a decrease in capacity allo-
cated for the rehearsals that is indicated by a
faster RT to the secondary probe task. By con-
trast, in the intentional-elaborative condition
in which subjects elaborate on the rehearsed
words, there is no change in capacity allocated
for rehearsal throughout the interval.

The decrease in probe RT from one to four
rehearsals in the incidental condition, although
not significant, is a bit worrisome. We expected
no change in capacity allocated to the first few
rehearsals and therefore no change in RT. This
trend may be due to the fact that in trials with
one rehearsal, subjects had to switch quickly
from inspecting the displayed words to reciting
them while still retaining the numbers. This
might have inflated the RT for trials in which
the probe appeared during the first rehearsal.
To minimize this disruptive effect, in Exper-
iment 2 we had probes appear after two re-
hearsals rather than after one rehearsal.

Trade-off analysis. One may argue that

performance in the present experiment merely -

involves a trade-off between capacity allocated
to the number retention task and to the word
rehearsal task. According to this argument,
changes in performance in word recognition
may be due to changes in capacity allocated
by the subject to number memorization with
increases in the rehearsal interval. Specifically,
one may claim that the increase in perfor-
mance in word recognition from one to four
rehearsals is not due to characteristics of the
rehearsal process-itself, but rather is simply
correlated with the decrease in number per-
formance from one to four rehearsals. In other
words, it is possible that subjects switch some
of their attention after one rehearsal from the
number task to the rehearsal task, leading to
improved performance on the latter. There are
two ways to test this possibility. The first in-
volves correlating (across subjects) number re-
call with word recognition performance as the
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Table 5

Correlation Between Difference Scores for
Number Recall and Word Recognition
Tasks for Each Rehearsal Condition

No. of rehearsals®

Rehearsal condition 14 4-10
Incidental maintenance -0.06 0.38
Intentional elaborative -0.12 0.21

* From which difference scores were obtained.

rehearsal interval changes. A trade-off hy-
pothesis would predict that these correlations
(especially between one and four rehearsals)
should be negative, because as digit recall de-
creases between, say, one and four rehearsals,
recognition performance should increase. Ta-
ble 5 presents correlations that test for a trade-
off across subjects. The upper-lef value in the
table, for example, represents a correlation
calculated across subjects. One value entered
into this correlation is the difference in number
recall between conditions of one and four re-
hearsals. The other value is the difference in
word recognition between conditions of one
and four rehearsals. The table shows no con-
sistent trend toward negative correlations be-

There is, however, an even more powerful
analysis to test for such a trade-off, an analysis
that is based on assessing the relationship be-
tween recall and recognition for each number
of rehearsals required. Consider, for example,
1 subject’s recall and recognition data from
all trials in which he or she engaged in 10 re-
hearsals. If that subject was trading resources
between retaining the numbers and rehearsing
the words, such a trade-off would be detectable
by examining each trial to test whether the
numbers were recalled correctly and whether
the words were recognized correctly. If there
were a trade-off, then there should be relatively
many trials on which the numbers were re-
called and the words were not recognized, and
vice versa. But there should be few trials in
which the subject was successful or unsuc-
cessful at both tasks. Thus a ratio of the num-
ber of trials of the latter type divided by the
number of the former would be less than 1.0.
Such an analysis could help us to discover
whether a trade-off between resources devoted
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to the number and rehearsal tasks could ac-
count for an increase in later recognition with
increased rehearsals. To do this analysis, we
must partition the data of the experiment into
separate contingency tables for each number
of rehearsals required in the task. Then an
assessment of the trade-off can be made for
each table, and more importantly, one can
examine any change in the trade-off as a func-
tion of number of rehearsals. This analysis can
be performed safely here because the values
on the two variables are far from floor or ceiling
(when near floor or ceiling, there would be
only a small number of observations in one
or more cells of the contingency table, thus
compromising the representativeness of the
analysis). Details of this analysis are discussed
by Naveh-Benjamin and Jonides (in press).

Table 6 displays such odds ratios averaged
over subjects (averaging was accomplished us-
ing log odds ratios then transforming back to
odds ratios). :

No odds ratio differs significantly from 1,
and no ratio differs from the others. This in-
dicates that there were no changes in trade-
offs between the two tasks across the different
rehearsal intervals.

Analysis of stereotypy. Our next analysis
tested whether maintenance rehearsal utter-
ances become more stereotyped as they con-
tinue. To test this, we drew a random sample
of 20 subjects, 10 from each rehearsal con-
dition. For each subject, 20 trials with 10 re-
hearsals (without a probe) were randomly se-
lected. These rehearsals were analyzed through
a Mingograph machine that gave time-am-
plitude waveforms of the speech patterns. With
these representations of the waveforms, we ex-
amined two characteristics of the rehearsal se-
quences: duration of utterances and variability
of utterance durations. For the duration mea-

Table 6

Mean Odds Ratios of Recall Versus Recognition
Measures as a Function of Number of
Rehearsals and Rehearsal Condition

No. of rehearsals
Rehearsal condition 1 4 10
Incidental maintenance 1.08 0.99 1.15
1.07 0.94 095

Intentional elaborative
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Table 7

Mean Durations and Mean Standard Deviations
(in ms) of the First Four Versus the Last Four
Rehearsals in a Given Trial as a Function

of Rehearsal Condition

First Last
Rehearsal
condition M SD M SD
Incidental
maintenance 558 28 561 19
Intentional
elaborative 638 28 631 27

sure, we compared the mean duration of the
first 4 rehearsals in a sequence with the mean
duration of the last 4 rehearsals. We hypoth-
esized that the last several rehearsals in a se-.
quence would be produced more automatically
and be more stereotyped than the first few
rehearsals. This may result in shorter, more
compact utterances later in a rehearsal se-
quence.

To examine variability, we compared the
mean of the standard deviations (of durations)
of the first four rehearsals in a sequence with
the mean of the standard deviations of the last
four rehearsals. This analysis tested the hy-
pothesis that increasing automaticity would
lead to stereotypy, in the sense of less variable
utterance durations. The intentional-elabo-
rative condition was used as a baseline against
which to compare these predictions for the
incidental-maintenance condition.

The duration of the rehearsal of a given pair
of words was measured from the beginning of
the utterance of the first word of a pair to the
end of the utterance of the second word in the
pair. These durations were analyzed indepen-
dently by two judges who were not familiar
with the hypotheses and who were highly re-
liable in their judgments. Table 7 presents the
mean duration and the mean of the standard
deviations of rehearsal durations as a function
of rehearsal condition and number of re-
hearsals.

First, let us examine the duration data. The
duration of the rehearsals in the intentional-
elaborative condition proved to be longer than
that in the incidental-maintenance condition
as determined by a two-way ANOva, F(I,
18) = 8.23. This trend may reflect more effort
paid to the rehearsals in the elaborative con-
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dition. There was, however, no difference be-
tween mean duration of the first four and the
last four rehearsals, F(1, 18) = 1.82, nor was
there a reliable interaction effect, F(I,
18) = 1.71.

For the measure of duration variability,
there was no difference between the two re-
hearsal conditions, F(1, 18) = 1.63. However,
there was a significant decrease in variability
of durations from the first four to the last four
rehearsals, F(1, 18) = 4.79. This decrease was
predicted for the incidental-maintenance con-
dition due to increasing stereotypy of the re-
hearsal process after the first few rehearsals.
In fact, the significant interaction term from
the ANOVA indicated that the decrease in du-
ration variability was larger for the incidental-
maintenance condition than for the inten-
tional-elaborative condition, as the table sug-
gests, F(1, 18) = 4.57.

Discussion

The overall pattern of results obtained in
this experiment provides support for a two-
stage model of maintenance rehearsal. In
measuring the allocation of processing capacity
during rehearsal, we found that probe RT de-
creased with later rehearsals, as would be ex-
pected with increasing automaticity. Further-
more, this decrease in RT was associated with
no improvement in recognition performance
after an initial improvement due to the first
few rehearsals. Also, the decrease in number
task performance with more rehearsals proved
not to be associated with changes in recog-
nition performance. For the elaborative re-
hearsal condition we obtained, as expected, no
change in RT to a probe with increasing num-
ber of rehearsals. The pattern of RT results
for this condition was accompanied by a
monotonic improvement in recognition per-
formance, presumably due to continued al-
location of attention to the rehearsed words.

The second major finding of this experiment
concerned the stereotypy of rehearsal. We ob-
tained a larger decrease in variability in ut-
terance duration for maintenance than for
elaborative rehearsal, once again suggesting
increased automation of the maintenance re-
hearsal utterances.

Taken together, these results support the
claim that maintenance rehearsal is composed
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of an effortful and an automatic stage whereas
elaborative rehearsal is more unified in char-
acter. To provide converging evidence for this
emerging picture, we tested a third criterion
of automaticity in the next experiment.

Experiment 2: Resistance to Interruption

The present experiment tests whether
maintenance rehearsal becomes more resistant
to interruption as it moves from a hypothesized
effortful stage to an automatic stage. The cri-
terion of resistance to suppression or inter-
ruption has been used several times previously
as a measure of automaticity (Jonides, 1981;
Logan, 1981; Palmer, Jonides, & Palmer, 1980;
Posner & Synder, 1975). In the present ex-
periment, we tested this criterion by inter-
rupting subjects at various times during the
rehearsal interval to test how easily they could
stop their rehearsal of the words. According
to the proposed model, when subjects are using
maintenance rehearsal they should become
more resistant to interruption as the rehearsal
becomes more automatic. As in Experiment
1, we assessed this prediction by comparing a
maintenance rehearsal condition with an
elaborative rehearsal condition.

Method

Design. The design was identical to that employed in
Experiment 1 except that the levels of the number of re-
hearsals variable were 2, 4, and 10 rather than 1, 4, and
10, for reasons previously discussed.

Subjects. Fifty-four students at the University of Mich-
igan served as paid volunteers in a session approximately
90 min long. The subjects were each paid $5 for their
participation.

Apparatus. The apparatus was the same as that in
Experiment | except that the display terminal was a Hew-
lett-Packard Model 1301, which was interfaced with a
PDP-11/34.

Stimuli.

1. Numbers and words: The numbers and words were
identical to those used in Experiment 1.

2. Probes: Instead of an asterisk, as in Experiment |,
the probe was a visually presented word. Twenty-six
I-syllable, four-letter nouns were selected. They were bal-
anced for word frequency, concreteness, meaningfulness,
and imageability with the rehearsed words. Subjects were
required to voice these word probes when they appeared.
To minimize variability in detecting utterances to the
probes, probe words were selected so that they all had the
initial voiced consonants B, D, or G. Five sets of these
words were compiled and a set was assigned randomly for
each subject, one word per probe trial. In order to oper-
ationalize the criterion of resistance to interruption, we
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had subjects stop their rehearsal (interrupt it) as soon as
they saw the probe word flashed on the face of the terminal
and say aloud the probe word as quickly as possible. This
was in contrast to the first experiment in which they had
10 react manually to the probe while continuing rehearsal.
The probe word was presented in the center of the screen.

3. Recognition Test: The recognition test was identical
to the one used in Experiment 1.

Trial structure. The trial structure was identical to that
used in Experiment ! (including the probabilities of probe
appearance) except for the following changes:

1. The number of tones for each trial were 2, 4, or 10,
instead of 1, 4, or 10.

2. Pilot results showed that in order to maximize the
probability of subjects interrupting themselves to voice
the probe while rehearsing the pair of words, the time
between presentation of the tone and presentation of the
probe had to be reduced from 250 ms to 175 ms.

3. The tones were 100 ms in duration.

4. The probes remained in view for 1,000 ms, whether
or not subjects responded.

Results

Results are reported here for 44 of the 54
subjects. The remaining subjects were excluded
from further analysis for the following reasons:
2 of them had recall rates of 0%; 3 subjects
in the intentional condition reported in the
posttest questionnaire that they had not ex-
pected the final recognition test; 1 subject in
the incidental condition suspected the final
word recognition test; finally, 4 subjects were
not allowed to complete the experiment be-
cause they did not adequately comply with the
rehearsal and interruption instructions.

Number recall. Table 8 presents the per-
centage of numbers recalled as a function of
rehearsal condition and number of rehearsals.
As in Experiment 1, a strict criterion was used
in tabulating these data, so that a response
was scored as correct only if all 3 two-digit
numbers were recalled in their correct order
of presentation.

Table 8

Mean Percentage of Correct Responses for
Number Recall as a Function of Number
of Rehearsals and Rehearsal Condition

No. of rehearsals
Rehearsal
condition 2 SD 4 SO 10 SD
Incidental
maintenance 459 18.7 41.5 208 37.6 239
Intentional
elaborative 37.3 242 31.1 256 303 27.1
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Table 9

Mean Percentage Correct for the Word
Recognition Test as a Function of Number
of Rehearsals and Rehearsal Condition

No. of rehearsals
Rehearsal
condition 2 SD 4 SD 10 SD
Incidental
maintenance 45.1 10.4 523 11.1 54.1 148
Intentional
elaborative 570 11.7 660 122 742 13.1

The results indicate recall performance was
lower than comparable performance in Ex-
periment 1. This may be due to the probe task
in this experiment interfering with the recall
task more than did the probe task of Exper-
iment 1; in Experiment 2, subjects had to in-
terrupt their rehearsals and utter the verbal
probe, whereas they had only to respond man-
ually to a nonverbal probe in Experiment 1.

Table 8 reveals that recall performance was
significantly higher for the incidental-mainte-
nance condition than for the intentional-elab-
orative condition, F{1, 42) = 4.39. Recall per-
formance also dropped significantly with the
increasing number of rehearsals, F(2, 84) =
12.71. There was no interaction effect of these
two variables, F(2, 84) = 2.11. All of these

‘trends were expected and have been discussed

previously.

Word recognition. Table 9 presents the
percentage of correct recognition on the final
recognition test. These results nicely replicate
those from Experiment 1. The Rehearsal
Type X Rehearsal Interval interaction (for in-
tervals 2 vs. 4) was not reliable, F(1,42) = 1.29,
MS. = 51.02, whereas the comparable inter-
action for intervals 4 versus 10 was reliable,
F(91,42) = 5.51, MS, = 62.17. These results,
like those of Experiment 1, are consistent with
the hypothesis that elaborative rehearsal has
a monotonic effect on long-term recognition
performance within the range explored, an ef-
fect that is not limited to the first few rehearsals
as is the case with maintenance rehearsal.

It is interesting to note that unlike the num-
ber recall task, word recognition performance
was as good in this experiment as it was in
Experiment 1. It may be that long-term mem-
ory performance (word recognition) is not
as affected by interference from the probe
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as short-term performance (number recall)
may be.

Probe responses. We operationalized re-
sistance to interruption in two ways. The first
measure of susceptibility to interruption was
the probability of actually inhibiting rehearsal
at each rehearsal interval for each rehearsal
condition. The results of this measurement
appear in Table 10. Overall, there was no re-
liable difference between the two rehearsal
conditions, F(1, 42) = 3.11, MS, = 582.1. We
calculated planned comparisons for the Re-
hearsal Type X Rehearsal Interval interaction
(for the 2 vs. 4 and 4 vs. 10 data) in Table 10.
The interaction was not significant for intervals
2 versus 4, F(1, 42) = 1.31, MS, = 58.3. How-
ever, it was significant for intervals 4 versus
10, F(1, 42) = 4.32, MS, = 66.1. This analysis,
then, supports the prediction of our two-stage
model: There was a marked decrease in prob-
ability of interruption in the maintenance re-
hearsal condition from 4 to 10 rehearsals, but
there was no effect from 2 to 4 rehearsals. By
this we conclude that interruption became
more difficult during the second stage of
maintenance rehearsal.

The second analysis of susceptibility to in-
terruption examined the time subjects took to
start responding to the probe word after the
probe was presented. All sessions were re-
corded on audio tapes and were analyzed off-
line using a Mingograph machine. (As in Ex-
periment 1, the scoring of the Mingograph
output was done by two judges who were blind
to the hypotheses of the experiment. The scor-
ing of the judges agreed extremely well.) By
examining the speech waveform of the probes
and rehearsal utterances, we were readily able
to measure the latency of the beginning of the
probe utterance from its time of appearance.
We accomplished this measurement in the fol-
lowing way: The time of appearance of the
probe after the tone was known to be 175 ms
(see Method section). So we measured the time
from tone appearance (which could be clearly
detected in the Mingograph output) to the
point at which the probe word was uttered.
From this value, we subtracted 175 ms to ob-
tain the RT from probe appearance to re-
sponse.

Although subjects generally complied with
the instructions of the experiment, we sepa-
rated their probe responses into two categories.
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Table 10

Probability of Interrupting Rehearsal as a
Function of Number of Rehearsals and
Rehearsal Condition

No. of rehearsals
Rehearsal
condition 2 SD 4 SD 10 SD
Incidental
maintenance .64 32 61 30 49 .28
Intentional

elaborative 56 .32 .53 30 54 .29

One category was characterized by subjects
actually interrupting rehearsal to voice the
probe (56% of the trials). The other type was
defined as completion of the rehearsal before
uttering the probe word (44% of the trials).
These proportions were similar in the two
conditions. Because these two different modes
of response might involve different processes,
they were analyzed separately. (Although it still
might be the case that for the second type of
response subjects were interrupting their pro-
cessing, the first type is a better behavioral
manifestation of interruption.) These two dif-
ferent modes of response to the probes could
at least partially be due to a differential in-
terpretation of the instructions. This is sug-
gested by the fact that half of the subjects
(n = 22) had one of the two types of response
predominating (i.e., they had 90% or more of
their responses being either rehearsal comple-
tions or rehearsal interruptions). Such an ex-
treme distribution suggests that we are dealing
with two strategies. (Because not all subjects
produced the same proportion of trials of each
response type, subjects were included in the
analysis only if they had at least 40% of their
total responses of a given response type.)

Table 11 presents RTs to the probe as a
function of rehearsal type and number of re-
hearsals on those trials in which subjects ac-
tually interrupted rehearsal.

In order to evaluate predictions of the two-
stage model of maintenance rehearsal, the
planned comparisons described for the word
recognition data of this experiment were used
for the present data as well.

The Rehearsal Type X Rehearsal Interval
interaction was not reliable for the 2 versus 4
comparison, F(1, 34) = 2.01, MS, = 787.3.
However, the comparable interaction for the
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Table 11
Mean Vocal Probe Reaction Times (in ms) as a
Function of Number of Rehearsals and

Rehearsal Condition

No. of rehearsals*
Rehearsal
condition 2 SD 4 SD 10 SD
Incidental
maintenance 620 55 617 43 646 48
Intentional

elaborative 610 59 600 5S4 608 52

* Data presented are for trials on which subjects overtly
interrupted the rehearsal sequence.

4 versus 10 interval was statistically significant,
K1, 34) = 4.51; MS, = 730.2.

The obtained results of probe RT for both
rehearsal conditions are as predicted. These
results support the view that maintenance re-
hearsal becomes more automated with time,
and therefore more difficult to interrupt. Be-
yond the significance of the results, it is im-
portant to note their direction in comparison
to Experiment 1. Although there was no
change in the direction of the results in the
two experiments in the elaborative rehearsal
condition, the direction for the maintenance
rehearsal condition (between 4 and 10 re-
hearsals) is just the opposite to the one ob-
tained in Experiment 1. It supports the use of
the two different probe tasks chosen to op-
erationalize the different criteria for auto-
maticity.

Now let’s turn to the other category of probe
responses. Table 12 presents probe RT as a
function of rehearsal condition and number
of rehearsals on those trials in which subjects
completed the rehearsal sequence before they
responded to the probe. Several points should
be noted about the results. First, the overall
RT was slower by about 100 ms for these re-
sponses compared with the first type. Such a
trend is to be expected, because it took subjects
extra time to complete the rehearsal sequence
before responding. Second, neither the inter-
action between 2 and 4 rehearsals and rehearsal
type nor that between 4 and 10 rehearsals and
rehearsal type proved to be significant.

Although not significant, note the decrease
in RT from 4 to 10 rehearsals in the mainte-
nance rehearsal condition. For those trials in
which the subjects used this mode of response

(first completing the rehearsal and then re-
sponding to the probe), they had to process
the probe while they were rehearsing the pair
of words. From their point of view it might
have been a dual task. If that was the case,
then the decrease in probe RT from 4 to 10
rehearsals may be similar to the comparable
effect of Experiment 1.

There is a final point about the difference
in probe RT between the two rehearsal con-
ditions for this type of response. The probe
RT in the maintenance rehearsal condition
was higher by about 80 ms than in the elab-
orative rehearsal condition. If anything, we
would have expected the opposite result, be-
cause subjects in the elaborative rehearsal
condition presumably devoted more attention
to rehearsal, hence leaving them with less ca-
pacity devoted to the probe task. The reason
for this difference, however, lies in a subject-
selection problem. Only 13 of the 21 subjects
in the maintenance rehearsal condition par-
ticipated in the analysis of this type of trial.
These subjects proved to be slower than the
others in their overall RTs (by about 80 ms),
accounting for the differences between the two
rehearsal conditions.

Trade-off analysis. In order to assess trade-
off possibilities between the number and the
rehearsal tasks, log odds ratios were calculated
as in Experiment 1. The values from this cal-
culation transformed back to odds ratios are
shown in Table 13.

For the incidental-maintenance condition,
no odds ratios were significantly different from
1.0 or from each other, indicating no changes
in trade-offs across the rehearsal intervals. For

Table 12

Mean Vocal Probe Reaction Times (in ms) as a
Function of Number of Rehearsals and
Rehearsal Condition

No. of rehearsals*

Rehearsal
condition 2 SD 4 SO 10 SD

Incidental
maintenance 790 59 787 64 772 6l
Intentional
elaborative 722 64 713 67 704 65

* Data presented are for trials on which subjects did not
overtly interrupt the rehearsal sequence.
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Table 13

Mean Odds Ratios of Recall Versus Recognition
Measures as a Function of Number of
Rehearsals and Rehearsal Condition

No. of rehearsals
Rehearsal condition 2 4 10
Incidental maintenance 0.99 1.09 1.06
Intentional elaborative 1.01 0.87 1.14

the intentional-elaborative condition, the odds
ratio for the rehearsal interval of 4 was sig-
nificantly smaller than 1.0, and it was smaller
than the ratios for the other two rehearsal in-
tervals. This raises the possibility that at least
part of the increase in word recognition per-
formance from 2 to 4 rehearsals in the inten-
tional-elaborative condition was due to a de-
crease in number recall performance. But be-
cause the increase in recognition performance
from 4 to 10 rehearsals in this condition was
not associated with a decrease in number per-
formance (odds ratios increased from 4 to 10
rehearsals and were larger than 1.0), it rules
out the possibility that the entire recognition
effect in this condition was due to shifts in
allocation policies.

Taken together, the results of this experi-
ment support the proposed model of mainte-
nance rehearsal. The word recognition results
replicated the pattern obtained in Experiment
1, in’which only the first few rehearsals en-
hanced long-term recognition performance.
The probe RT data support the notion that
the second stage in maintenance rehearsal is
more automatic as revealed by its being more
difficult to suppress.

General Discussion

Let us review the major features of the
model of maintenance rehearsal that we have
proposed. We claim that maintenance re-
hearsal is composed of two stages: The first
involves retrieval of an appropriate motor
program for a rehearsal sequence and initiation
of the execution of this program. The second
stage involves continuous execution of this
motor program. By hypothesis, the first stage
is more demanding of cognitive resources than
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is the second, and it is more firmly under the
subjects’ control. This claimed difference in
automaticity between the stages is largely sup-
ported by the results of the experiments just
reported: Compared with the first stage, the
second demands less in the way of processing
capacity; it results in more stereotyped re-
hearsal utterances, and it is more difficult to
interrupt.

A major feature of the model is that it allows
one to make a prediction about the later mem-
ory consequences of maintenance rehearsal.
The prediction is that Stage | of rehearsal
would produce traces in memory that would
endure well beyond the rehearsal itself. Stage
2, being more automatic, would have relatively
little effect on the creation of long-term traces.

The rationale for this prediction rests on
previous research that reveals an effect of cog-
nitive effort on the storage of information in
memory. The greater the effort or cognitive
capacity devoted to a memory task, regardless
of the level of processing employed, the greater
is the probability of later retrieving the material
that was studied (Eysenck & Eysenck, 1979;
Tyler et al., 1979). This cognitive effort hy-
pothesis has been linked to the effects of rep-
etition on retrieval by Johnston and Uhl
(1976). These authors directly tested an effort
theory of the spacing effect (Hintzman, 1974).
They predicted that memory for an item is
positively correlated with the total amount of
processing accorded the item. They reasoned
that after a first presentation, an item receives
a base level of processing effort. The processing
effort accorded the second presentation of the
item was assumed to vary with the length of
the spacing interval, being at some point below
base level at a short interval and rising toward
base level as the interval increases. By mea-
suring the processing effort extended to each
encoding of an item through use of a dual-
task paradigm, they found that encoding effort
was an accurate predictor of recall accuracy,
in general, and repetition spacing, in particular.
Probe RT on the secondary task increased
somewhat in the spaced repetition condition
and decreased in the massed repetition con-
dition. These results are similar to the ones
obtained in our first experiment in which
probe RT increased somewhat in the elabo-
rative rehearsal condition and decreased in the
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maintenance rehearsal condition. The effects
on long-term memory were also similar, at
least qualitatively.

The empirical similarities between the
spacing effect and maintenance rehearsal
should be expected considering the fact that
both phenomena are cases of repetition effects
on memory (Craik & Jacoby, 1979). Being
able to explain both effects with the concept
of automaticity of processing (or of effort ex-
pended) may encourage further research on
the parallel between the phenomena (for a re-
lated point see Nairne, 1983; and for some
potentially conflicting data, see Krinsky &
Nelson, 1981).

We may well ask at this point how added
effort may enhance memory for an item. A
potential answer to this question rests on a
distinction proposed by Mandler (1979). He
distinguished between two dimensions of
memory organization: integration and elab-
oration. Integration is presumed to enhance
an item’s intraunit cohesiveness, whereas
elaboration refers to the building of interitem
connections. We propose that prior to and
during the first few rehearsals in a sequence,
information is retrieved from permanent
memory, an articulatory loop is constructed,
and it is executed a few times. This may in-
crease the integration of the pair of words in
the loop (intraunit cohesiveness mostly but
perhaps with some interitem connection as
well) and hence may lead to an increase in
recognition performance. We should note that
Mandler proposed that an increase in inte-
gration is associated with a reduction of the
cognitive capacity devoted to an item. This
reduction, which presumably occurs in Stage
2 when the rehearsal program is being executed
repetitively, is then associated with no further
increase in long-term recognition perfor-
mance.

Let us return for a moment to the contro-
versy.over whether maintenance rehearsal has
any effect on later retrieval. Our data, and
those of others, reveal that the proper circum-
stances can produce such an effect (Geiselman
& Bjork, 1980; Maki & Schuler, 1980; Nairne,
1983; Naveh—~Benjamin and Jonides, in press;
Woodward et al., 1973). This contrasts with
many reports failing to find such an effect, as
we have cited earlier. As we discussed, part of

the discrepancy may be attributable to the use
of recall versus recognition tests. Perhaps recall
is simply not sufficiently sensitive to measure-
the subtle effects of maintenance rehearsal,
especially if these effects are confined to the
first several rehearsals, as our data and those
of Geiselman and Bjork (1980), Nairne (1983),
and Naveh-Benjamin and Jonides (in press)
indicate. Another factor in these experiments
may be the extent to which the primary task
taxes processing capacity, thereby leaving
minimal capacity for maintenance rehearsal.
Many experiments using the paradigm that
we adopted have provided subjects with a pri-
mary memory task that might have been in-
sufficiently taxing (e.g., Glenberg & Adams,
1978; Rundus, 1980). The effect of this would
be to free up processing resources for rehearsal,
perhaps distorting the effect that this rehearsal
may have on later retrieval. A final contri-
bution to the discrepancy in the literature has
to do with the particular effect that mainte-
nance rehearsal has on memory. Our data, but
even more convincingly the data of Nairne
(1983) and Glenberg and Bradley (1979), have
led us to the view that maintenance rehearsal
enhances intraunit cohesiveness, as we pre-
viously discussed. During the first part of a
rehearsal cycle, when articulatory codes are
being retrieved and when execution begins,
the cognitive effort involved in this activity
increases the intraunit bond. In our case, this
amounts to a strengthening of not only the
familiarity of the words themselves but also
of the link between them. This in turn facil-
itates retrieval of word pairs later on.

The model that we have proposed here bears
an interesting resemblance to the concept of
working memory as discussed by Baddeley
(1976) and Baddeley and Hitch (1974). Ac-
cording to this view, short-term memory is
best viewed as a combination of a central pro-
cessor and an articulatory loop. The processor
can be responsible for such activities as re-
trieval from permanent memory and recoding,
whereas the loop is simply a recirculatory
mechanism. It seems plausible to identify the
first stage of our model as the central processor
and the second stage as the articulatory loop
of working memory. Whether this parallel is
illuminating, however, would have to be a
matter for future research. It is interesting to
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recognition results. It was for precisely this
reason that we developed the reported con-
verging sources of evidence that would
strengthen the case for the involvement of au-
tomaticity.

The second point concerns the relatively re-
stricted range of rehearsal intervals used
(1-10). Although in principle the range could
be extended beyond 10 rehearsals, in practice
there are problems with this experimental
strategy. It seems likely that with an extended
period of rehearsal, subjects may begin to sus-
pect a later memory test (perhaps this is the
cause of Rundus’s, 1980, effects on free recall
after 60 s of maintenance rehearsal). Also, such
extended periods of repetition do not typify
the everyday use of maintenance rehearsal. It
is for these reasons that we chose a restricted
range.

By way of concluding, let us ask what the
implications of our results are for the two cur-
rently popular theories of memory: the struc-
tures theory and the levels-of-processing view.
We and others have established that mainte-
nance rehearsal does have an effect on long-
term memory, in direct contradiction to a pre-
diction of the levels-of-processing notion. But
our results go beyond this in showing that even
the seemingly simple control process of
maintenance rehearsal is more complex than
previously expected. Perhaps it is the more
automatic second stage of maintenance re-
hearsal that the architects of the levels-of-pro-
cessing framework had in mind when making
their prediction. Perhaps it is the first stage of
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