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Spacing effects in picture memory*
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Three experiments were conducted to capitalize on the conclusion of Shaffer and Shiffrin (1972) that complex visual
scenes are not rehearsed in testing the hypothesis that the effect of spacing on memory is due to rehearsal. In
Experiment I, a list of vacation slides was presented in which both the number of repetitions and the spacing of
repetitions were varied. Subsequent frequency judgments showed an effect of spacing much Iike that found using verbal
materials. In Experiments 11 and III, effects of filled and unfilled spacing intervals were cornpared, and it was eoncluded
that the spacing effect is primarily a function of the duration of the spacing interval. No evidence was found to support
the notion that pictures are rehearsed. Rehearsal apparently cannot play the key role in an adequate, completely
general explanation of the spacing effect.

The spacing effect-the fact that repetitions of an
item massed closely in time lead to poorer performance
on a later retention test than do repetitions that are
spaced further apan-has been demonstrated using a
variety of verbal materials, including nonsense syllables
(e.g., Kintsch, 1966), words (e.g., Melton, 1967), and
sentenees (e.g., Underwood, 1970). In one explanation
of the spaeing effeet, the proeess of rehearsal plays a
critical role (Atkinson & Shiffrin, 1968; Greeno, 1967;
Waugh, 1970). By rehearsal, we mean here the voluntary
retrieval and reproeessing of a memory traee when the
stimulus it represents is no longer physically present.
According to the rehearsal hypothesis, an item for which
the second presentation (Pz) oceurs shortly after the
first (PI) is rehearsed lessand, hence, is remembered less
well on a later test than is an item for whieh the PI -Pz
Interval was long.

Direet support for the rehearsal hypothesis comes
from the experiments of Rundus (1971), who studied
the rehearsal patterns of Ss who were asked to rehearse
aloud during presentation of a free recall list. When the
spacing of repetitions was varied, less overt rehearsalwas
observed of words that had short PI -Pz intervals than of
words that had long PI -Pz intervals, Rundus's data
indicate, in addition, that the differential rehearsal took
place entirely during the spacinginterval. The number of
rehearsals following Pz did not depend on the PI-PZ lag.
Thus, the spacing effect may have a rather trivial
explanation: Longer spacing intervals may lead to better
long-term retention simply because they give S more
opportunities to rehearse Pt before Pz occurs.

Although the rehearsal hypothesis appears plausible,'
there is evidence against it. Bjork and Allen (1970)
tested recall of word triplets. They interposed either a
difficult or an easy task between PI and Pz and always
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filled the Pz test interval with a task of intermediate
difficulty. Recall was not worse when the Pt-PZ task was
hard than when it was easy-in fact, it was somewhat
better. Since the effect of differential rehearsal
opportunities during the Pt ·pz interval should favor the
easy interpolated task over the difficult one, this
somewhat paradoxical result poses a problem for the
rehearsal explanation of the spacingeffect.

The purpose of the first experiment reported here was
to test the rehearsal hypothesis in another way, by using
stimulus materials that Ss apparently do not rehearse.
Shaffer and Shiffrin (1972) have reported that
reeognition memory for complex visual seenes is
affected by stimulus "on" time but not by the blank
"off" time following presentation; and from this, they
have conduded that Ss do not (in fact, they cannot)
rehearse such pictures. The stimulus materials chosen for
the present studies, therefore, were color slides, The
choice of dependent variable was dictated in part by the
choice of stimuli. Description of complex pictures, like
their rehearsal, is difficult, so recal! would be almost
impossible to score; and recognition memory for
pictures is so good that any effects of spacing would
likely be masked by a ceiling effect. Therefore,
frequency judgments, which have no inherent ceilingand
which show a strong spacing effect when verbal materials
are used (Hintzman, 1969), were chosen as the
dependent variable.

The conclusion that pictures are not rehearsed also led
to their use in Experiments 11 and III, which had the
purpose of determining whether it is the stimuli that are
presented in the Pl-P2 interval or the duration of the
interval that eauses the spacing effect. This problem is a
difficult one to investigate using verbal materials, since
any empty time can be used for rehearsal of either the
immediately preceding stimulus or earlier stimuli. Not
only are the temporal conditions of practice outside the
E's pre cise control but also the independent
manipulation of P, ·pz time vs PI-P2 items results in
different degrees of learning, making the forms of
spacing curves difficult to compare (e.g., Melton and
Shulman data, reported in Melton, 1970). Whenpictures
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Results

was presented to each group.
At the outset of the experiment, Ss were told that a series of

pictures would be projected on the wall, that sorne of the
pictures would be repeated, and that they were simply to study
each picture for as long as it was presented and try to remember
it for a later test. The nature of the memory test was not
specified. The series :Jf slides was then presented using a carousel
projector paced by a timer at a 3-sec rate. The actual exposure
duration was approximately 2.2 sec, and the blank Interstimulus
interval (ISI) was about .8 sec.

After the study series had been presented, Ss were shown the
test slides, Each S was given a test form on which were 120
numbered blanks. They were told to write, in the blank
appropriate to each test picture, the number of times they
thought the picture had occurred in the preceding sequence.
They were instructed to give a zero judgment for a picture if
they thought it had not been presented before. The test slides
were presented at a 5-sec rate.
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Fig. 1. Mean judged frequency asa function of frequency and
the spacing of repetitions,Experiment I. (pooled Si = .060.)

are used, the presentation rate and degree of learning can
be manipulated independently.

EXPERIMENT I

The purpose of this experiment was to determine
whether the remembered frequency of occurrence of a
picture is affected by the spacing of repetitions.

Method

Materials

The experimental stimuli were 120 color transparencies, taken
from a collection of vacation slides and depicting scenes

. including landscapes, automobiles, people, buildings, etc. The
pictures were selected to minimize interitem similarity. Thirty
scenes were assigned at random to each of four frequencies of
occurrence (F = 0, 1, 2, and 3) and an appropriate number of
duplicates, including an additional test stimulus, were made of
each. Within the F = 2 and F = 3 conditions, 10 scenes were
assigned at random to each of three spacings (S = 0, 1, and 5
intervening items). For each F =3 item, the P, -P2 and P2 -P3

spacings were the same. In addition to the experimental slides,
10 filler slides were used.

The presentation sequence consisted of 190 slides, arranged in
a continuous sequence in three Kodak carousel slide trays. The
first five and last five slides were filler items. The 180
experimental slides were arranged, with appropriate spacings, in
five overlapping blocks, All conditions except F = 0 (which
occurred only on the test) were evenly distributed over the five
blocks. Two additional sequences were constructed by rotating
scenes in the F =2 and F = 3 conditions across the three levels of
spacing, Thus, there were three different rotations of the
stimulus sequence presented to different Ss,

A single test sequence was used for al1 Ss, It inc1uded a test
copy of each of the 120 experimental scenes. The sequence was
arranged in five blocks, and each of the eight experimental
conditions occurred equally often in each block.

Mean judgments of frequency are presented in Fig. 1.
The judgments increased as a function of both frequency
and spacing, and the magnitude of the spacing effect was
greater the more times the pictures occurred. For the
purpose of comparison, a broken Une representing
perfect performance has been included in the figure.
Frequency judgments of pictures appear, on the average,
to be quite accurate. Accuracy was poor only when a
picture was repeated at short spacings (S =0 and 1).

In an analysis of variance using planned comparisons,
linear trends of judged frequency on frequency and on
spacing were both highly significant [F(l,26) = 626.5
and 90.5, respective1y, both ps< .001]. The overall
mean square error was0.097.

The pattern of results is essentially the same as that
obtained with words (Hintzman & Block, 1970;
Underwood, 1969). The spacing effect obtained with
pictures does not appear to be any more of less striking
than that obtained using verbal materials. Thus, even if
one is unwilling to adrnit that pictures cannot be
rehearsed, as conc1uded by Shaffer and Shiffrin (1972)
and will grant only that their rehearsal is inefficient
compared to that of words, the magnitude of the
obtained effect would appear to rule out an explanation
in terms of rehearsal.

EXPERIMENT 11

This experiment was designed to determine whether
the spacing effect is a function of the duration of the
spacing interval or of the number of items presented in
the interval. Two sets of conditions, with spacings
matched in terms of items but varied in terms of
duration, were compared.

Method

Subjects and Procedure

The Ss were 27 paid volunteers obtained through the
University of Öregon employrnent office. They were tested in
three groups 01' up to 10 SS each. A different rotation of iterns

The experiment was identical to Experiment I except for the
following modifications:

(1) The presentation series, exclusive of the filler items at the
beginning and end. was organized into 10 nonoverlapping blocks
of IR pictures each. lach frequency and spacing condition
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except F =0 occurred in each block. Only 10 of the 30 F = 1
items were considered experimental items. The other 20 were
used as buffers, one at the beginning and one at the end of each
block.

(2) In half the blocks, each pieture was followed by a blank
(opaque) slide. Thus, the ISI for these five blocks was 3.8 sec. In
the other five blocks, there were no blank slides and the ISI was
.8 sec, as in Experiment I. Except for the presence or absence of
blank slides, the structures of the 3.8 ISI and .8 ISI blocks were
identical, The two types of blocks occurred in alternating order:
ABAB ... to sorne Ss and BABA ... to others. Several blanks
were included among the fillers at the beginning and end of the
entire series.

(3) Six different presentation sequences were used. To
construct these lists, scenes in the F =2 and F =3 conditions
were rotated across the three levels of spacing within their
respective blocks, and each block of items occurred in both the
3.8-sec ISI and the .8-sec ISI conditions.

(4) There were 35 Ss, tested in six groups of up to 7 Ss each.
A different stimulus sequence was presented to each group.

Results

Mean frequency judgments arepresented in Table 1.
As was the case in Experiment I, planned comparisons
showed significant linear trends on both frequency and
spacing [F(l,34) =743.9 and 121.5, respectively, both
ps< .001] . Judgments tended to be higher for repeated
(F = 2 and F = 3) pictures from the 3.8 ISI blocks than
for those from the .8 ISI blocks [F(l ,34) =8.27,
p< .001] . Thus, PI-P2 time, with number of
intervening items held constant, affected judged
frequency. The interaction of Effects of Spacing by ISI
was not significant [F(l ,34) =2.91, r-> .05]. The
overall mean square error for Experiment 11 was 0.142.

Was time the sole determinant of the effect of
spacing? Two comparisons are directly relevant to this
question. The .8 ISI pictures repeated at S = 1 and the
3.8 ISI pictures repeated at S = 0 both had a 3.8-sec
spacing interval. In the former case, the interval
contained another picture and, in the latter case, it
contained a blank slide. Intervals containing pictures
appear to have produced a slightly greater increment in
judged frequency than empty intervals (1.62 vs 1.59 for
F = 2 and 2.03 vs 1.83 for F = 3). The appropriate
comparison, however, was not signific ant
[F(l ,34) = 2.75, p > .05] .

Finally, the comparison of F = 1 judgments under the
two ISI conditions confirms the recognition-memory

Table I
Mean Frequency Judgments: Experiment 11*

Spacing
Frequency

ISI (Items) 0 1 2 3

.8
0 0.11 1.06 1.40 1.67
1 1.62 2.03

Sec :5 1.87 2.50

3.8
0 1.02 1.59 1.83
1 1.69 2.29

Sec 5 1.82 2.66

"Pooled Sj = .064

Table 2
Mean Frequency Judgments: Experiment m*

Spacing Frequency

Time
(Sec) hems 0 2 3

.8 0 0.10 0.88 1.26 1.74

3.8 0 0.98 1.57 2.00
3.8 1 1.56 2.15

9.8 0 0.98 1.81 2.18
9.8 3 1.87 2.39

·Pooled Si = .063

finding of Shaffer and Shiffrin (1972). Mean judged
frequency of F = 1 pictures followed by an "off" time
of .8 sec was about the same as that of pictures followed
by a 3.8-sec "off" time. The difference was not
significant, F< 1.

EXPERIMENT 11I

In Experiment 11, only two direct comparisons could
be made to deterrnine whether other pictures presented
during the spacing interval affected judged frequency.
The purpose of this experiment was to compare four
pairs of conditions in which spacings were matched in
terms of time but the intervals were either filled or
unfilled with other items.

Method

The method was the same as that of the previous two
experiments, except for the following modifications:

(1) Spacing intervals were defined in terms of time rather than
items. They were S = .8, 3.8, and 9.8 sec. The S =3.8 and
S =9.8 intervals were filled either with pictures (one and three
pictures, respectively) or with blank slides. In order that Ss
would not be able to anticipate repetitions, P2 of F = 2 and P3

of F = 3 pictures were always followed by the same number of
blank slides as had occurred in the preceding spacing intervals.

(2) There were three F = I conditions, in which the pictures
were followed by zero, one, or three blank slides. Thus, the
"off" times of .8, 3.8, and 9.8 sec matched the spacing intervals
of repeated items.

(3) The presentation sequence, exclusive of the five filler
items at the beginning and five at the end, was organized into
five nonoverlapping blocks. Each condition was represented by
one scene per block.

(4) Six sequences were constructed. Within their respective
blocks, the F =2 and F =3 scenes were rotated among the 3
(spacings) by 2 (mied vs unfilled) conditions, and the F =1
items were rotated through the three "off" times,

(5) There were 41 Ss, tested in six groups of up to 10 Ss each.
A different rotation of the list was presented to each group.

Results

Mean frequency judgments are presented in Table 2.
Again, planned linear trend tests showed that the
increases produced by frequency and spacing were both
highly significant [F(1,40) =731.3 and 60.6, p< .001].
The effect of nurnber of pictures in a spacing interval,
tested as an interaction between the fllled- vs
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F=2

F=3

3.0...----------------, Shiffrin (I 972), that complex visual scenes are not
rehearsed, is false. In opposition to this second line of
argument, two of the present results are in perfect
agreement with the Shaffer and Shiffrin conclusion.
First, Experiments II and III both confirm their finding
that, for pictures presented once, duration of the "off"
time following presentation has no effeet on memory. If
Ss did use this time to rehearse the previously presented
picture, then the rehearsal had no observable lasting
eff'e ct . Seeond, in both Experiment 11 and
Experiment 111, empty spacing intervals between
repetitions led to slightly lower frequency judgments
than did intervals of the same length that were filled
with other pietures. If the cause of the spacing effeet
were greater rehearsal during long than during short
spacing intervals, as the rehearsal hypothesis assumes,
then the difference between filled and unfilled intervals
would be expected to be large and in the opposite
direetion. Other than the spacing effect itself, then, the
present data provide no evidence to suggest that the
pictures were rehearsed.

If a spacing effect is found using stimulus materials
that Ss do not rehearse, then the validity of the rehearsal
explanation may be questioned for other situations as
weil. Earlier we mentioned the Bjork and Allen (1970)
study, in which P1-P2 intervals were filled with
rehearsal-preventing tasks of different difficulties, and
the effect of the interpolated task on word recall was the
opposite of that predicted by the rehearsal hypothesis.
Taken together, the present experiments using pietures
and those of Bjork and Allen using verbal materials
suggest strongly that the rehearsal explanation of the
spacing effect either is of very limited generality or is
incorrect.

To the question of whether time or number of items
determines the spacing effect, the answer offered by the
present resufts is not quite so clear. In both Experiments
11 and III, the length of the spacing interval was a far
more important determinant of judged frequency than
was the number of pictures occurringduring the interval.
Nevertheless, the number of pictures did have an effect.
Despite the small difference between filled and unfilled
intervals and despite the fact that the total time for
presentation was shorter in Experiment I than in
Experiments 11 and III, the effeet of spacing interval
length was remarkably consistent across the three
experiments. This can be seen in Fig. 2, in which data
from all three experiments have been plotted as a
function of time between repetitions. Empty spacing
intervals are represented by open data points and filled
intervals by solid data points. The smooth eurves. fitted
by eye, suggest that the spacing effect is almost entirely
a function of time. This conclusion is quite acceptable
for the F = ~ data (circles) but somewhat less so for
F =3 (squares), where a difference between filled and
unfilled intervals is more apparent. One can speculate
thar if the rehearsal of verbal matertals could be
eliminated the effect of spacing Oll their rotennon might
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DISCUSSION

The present resufts demonstrate clearly that a spacing
effect, very much like that found using verbalmaterials,
is obtained in memory for the frequency of occurrence
of visual scenes. One could attempt to reconcile this
outcome with the hypothesis that differential rehearsal
is the cause of the spacing effect in two ways. One way
would be to claim that the processunderlying the effect
of spacing found here is basically different from that at
work in other situations. Logically, ofcourse, it must be
true that some of the mechanisms involved in the
frequency judgment task are different from those
involved in recall; likewise, the processes involved in
pictorial memory and in verbal memory are not all
identicaI. Therefore, the possibility that different
processes may be producing superficially similar effects
in different situations cannot be rejected in any final
sense. Nevertheless, when one eonsiders the striking
similarity of the effeets of spacing found with tasks as
different as paired-associate recall and judgment of
frequency and with materials as diverse as nonsense
syllabIes, sentences, and pietures, it seems most
parsimonious to assume, in the absence of clearly
contradictory evidence, that the underlying cause is in
all cases essentially the same.

If the assumption of a common underlying cause is
accepted, then one might defend the rehearsa!
hypothesis by arguing that the conclusion of Shaffer and

Fig. 2. Meanjudged frequency as a function of PI offset to P2

onset (and P2 offset to P3 onset) time. Data of all three
experiments are combined, Circles: F =2; squares: F =3. Open
data points represent unfilled spacing intervals.

unfilled-interval variable and spacing, was just barely
significant [F(I ,40) = 5.24, p < .05]. As in
Experiment 11, filled intervals led to slightly higher
judgments than did ernpty intervals of the same
duration. Also as in Experiment 11, there was no effect
of "off" time on judged frequency of F =1 pictures.
Neither the planned .8 vs 3.8 and 9.8 comparison nor
the 3.8 vs 9.8 comparison was significant (both Fs near
1.0). The overall mean square error was0.164.
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also prove to be primarily a function of time.
To summarize: the present experiments capitalized on

the conclusion that complex pictures are not rehearsed,
in order to test the hypothesis that the spacing effect is
caused by rehearsal. The effect of the spacing of
repetitions of pictures on their judged frequency was
essentially the same as that found using verbal materials.
Further, the effect of spacing on picture memory
appears to be primarily a function of time and to be
affected only slightly by events that occur during the
spacing interval. Apparently, rehearsal-that is, the
voluntary retrieval and reprocessing of a memory trace
when the stimulus it represents is no longer
present -cannot explain the present findings. If a
completely general explanation of the spacing effect is
to be found, it apparently will not be one in which the
key role is played by rehearsal.
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