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Revisiting an old issue:
Retroactive interference as a function of

the degree of original and interpolated learning

KARL-HEINZ BAUML
UniversiUit Regensburg, Regensburg, Germany

Prior research has generally shown that the greater the degree of original learning of a list, the greater
the amount of retroactive interference that list suffers. In addition, greater learning of interpolated lists
produces more retroactive interference. However, in prior research, the degree of learning has typically
been confounded with the amount of retrieval practice on the list. Two free-recall experiments are re­
ported in which subjects studied one original list and then 0, 1, 2, 3, or 4 interpolated lists. The degree
of original and of interpolated learning was manipulated by varying exposure time. In Experiment 1,
where the typical confounding of retrieval practice and degree of interpolated learning was present,
greater interpolated learning induced greater retroactive interference, which is consistent with prior
research. However, in Experiment 2, where the degree of interpolated learning was manipulated with­
out concomitant variation in retrieval practice, retroactive interference was the same, whether the in­
terpolated lists had been learned well or poorly. Therefore, greater interpolated learning does not in­
crease the amount of retroactive interference. The results also show that the amount of retroactive
interference does not depend on the degree of original learning, in agreement with other work on nor­
mal forgetting.

Does the forgetting of verbal material depend on the
degree to which it is learned? Specifically, does a higher
degree oflearning induce more forgetting or less forget­
ting than does a lower degree? It is important to discover
the relationship between forgetting and the degree of
learning not only for practical reasons but also for theo­
retical ones. Indeed, the empirical relationship between
the two factors will establish a restriction for models of
forgetting and thus may help to distinguish between dif­
ferent memory models.

The relationship between the degree of learning and
the amount offorgetting has been studied using different
experimental designs. Forgetting was examined as a
function of the time that passes between learning and test
(normal forgetting), as a function of some prior learning
(proactive interference), and as a function of some sub­
sequent learning (retroactive interference). Despite the
great number of experiments that has been conducted,
solid information about the interplay between the degree
of learning and forgetting exists only for normal forget­
ting, based mainly on the work of Slamecka and McElree
(1983). Noting a number of problems in earlier studies,
these researchers conducted a series ofnew experiments
in which they demonstrated that the degree to which ma­
terial is learned does not influence the amount ofnormal
forgetting.'
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With respect to retroactive interference, the situation
is less clear. While some researchers found evidence that
a higher degree of original learning is subject to more
retroactive interference than is a lower degree (Briggs,
1957; Postman & Riley, 1959), other researchers found
that, in this case, forgetting occurs independently from
the degree oflearning (Slamecka, 1960). It has even been
postulated that a higher degree of learning is associated
with less retroactive interference than is a lower degree
(Wickelgren, 1977).

Several aspects of the prior experiments might be re­
sponsible for the inconsistency in results (see Slamecka
& McElree, 1983). Above all, the inspection ofdata from
many studies showing that retroactive interference varies
with the degree of learning raises suspicion about floor
effects for the lower degrees oflearning. In fact, these floor
effects seem to carry the brunt of the dependency, indi­
cating that retroactive interference may not depend on
the degree of learning. However, to answer the question
in a less tentative way, fresh data, which are reasonably
free of the floor effect problem, are necessary.

A related question arises with respect to retroactive in­
terference: Does the amount of forgetting depend on the
degree ofinterpolated learning? Earlier studies found that
a higher degree of interpolated learning induced greater
interference than did a lower degree (Barnes & Under­
wood, 1959; Briggs, 1957; Postman & Riley, 1959). Re­
cently, however, Anderson, Bjork, and Bjork (1994) have
pointed out that this position might be wrong.

All ofthe studies showing an effect ofthe degree of in­
terpolated learning used the anticipation procedure dur­
ing acquisition of the interpolated task. In this procedure,
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subjects must learn to give the response member of a
paired associate when presented with the stimulus mem­
ber ofthe pair. On each trial, the stimulus member is pre­
sented as a cue to which subjects attempt to recall or "an­
ticipate" the associated response. Following the response,
feedback is given as to the correct pairing. By cuing recall
in this manner, subjects are engaged in retrieval practice
with every trial of the learning task.

Using this procedure, the degree of interpolated learn­
ing is manipulated by varying the number of study trials
for the interpolated task. However, as more study oppor­
tunities are given, more prescribed retrieval efforts are
also being made, thus increasing the retrieval practice on
the interpolated task. On the basis of their recent finding
that the retrieval of material can cause long-lasting for­
getting ofrelated material (retrieval-induced forgetting),
Anderson et al. (1994) have noticed that retrieval prac­
tice on the interpolated task may suppress the retrieval of
the original task, with a higher amount of retrieval prac­
tice leading to a stronger suppression. Thus, the positive
relationship between the degree of interpolated learning
and the forgetting of the original task, found in previous
studies, may have arisen simply because the higher de­
gree of interpolated learning induced greater retrieval
practice on the interpolated task. If this line ofreasoning
is right, this positive relationship should disappear if the
amount of retrieval practice is the same across the dif­
ferent acquisition degrees, or ifthere is no retrieval prac­
tice on the interpolated task at all.

This study reports two free-recall experiments in which
the influence of the degree of original and interpolated
learning on the amount of retroactive interference is in­
vestigated again. These experiments were designed to meet
the criteria emphasized above. First, the recall ofthe orig­
inal task is free of floor effects, and, second, the amount
of retrieval practice on the interpolated task either is the
same across acquisition degrees or is eliminated altogether,
thus separating the possible effect ofthe degree oflearn­
ing from the possible effect ofretrieval practice. Different
study times were used for producing different degrees of
learning (Ratcliff, Clark, & Shiffrin, 1990; Slamecka &
McElree, 1983; Wickelgren, 1977). Unlike the anticipa­
tion procedure, this procedure makes repeated retrieval
of the learning material unnecessary.

EXPERIMENT 1

Method
Subjects

Two hundred and twenty-five psychology students at the University
of Regensburg participated in the experiment.

Material
The material consisted of 125 items. One hundred ofthese items were

different conceptually categorizable pairs (e.g., translated into English:
apple-pear, cello-trombone, etc.). The remaining 25 items were "sin­
gles"-that is, items that are not categorizable in an obvious manner, ei­
ther mutually or with regard to the pairs. The pairs and the singles were
largely taken from the categories of Battig and Montague (1969), al­
though some categories not found in Battig and Montague were also in­
cluded in the lists (Scheithe & Baurnl, 1995). Strong exemplars were

chosen from each category. The two items in each pair were therefore
highly likely to be associated with each other. The 125 items were ran­
domly assigned to five lists, with the restriction that in every list there
had to be 10 pairs and 5 singles. Thus, every list consisted of 25 items.
The same material was used for all three experimental conditions.

Design
The experiment included three experimental conditions: the high-high,

the low-high, and the high-low condition. In all three conditions, one
learning list and zero to four interpolated lists were presented to five
different groups of subjects, with 15 subjects per group. In the high­
high condition, all items from all lists were presented at an exposure
rate of 5 sec per item. In the low-high condition, the items of the first
list were presented for 2 sec per item, and the items from the interpo­
lated lists were presented for 5 sec. This condition addresses the issue
of whether the degree of original learning affects the amount of retro­
active interference. In the high-low condition, the items on the inter­
polated lists were presented for 2 sec per item, and the items on the first
list were presented for 5 sec. This condition addresses the issue of
whether the degree of interpolated learning affects the amount of retro­
active interference.

Procedure
At the beginning ofeach experimental session, the items within each

list were mixed randomly, with the restriction that the pairs were pre­
sented with no intervening items. The items were presented individually
on a computer screen. After the presentation of each complete list, the
subjects were given 90 sec to write down the items from this list. After
this recall period and a break of 60 sec, the session continued with the
next list. After all of the lists were presented, a final free-recall test was
given in which the subjects attempted to recall the items from all of the
previous lists in any order. The subjects were given a minimum of5 min
for this final written recall, with additional time allowed. This proce­
dure is similar to the one used by Tulving and Psotka (1971), Riefer and
Batchelder (1988), and Bauml (1991).

Results
High-High Condition Versus Low-High Condition

Learning. The manipulation of study time on the
original list had an effect on the degree to which it was
learned. In the high-high condition, recall performance
without interpolation was 19.5 items; in the low-high
condition, it was 15.9 items. This difference was reliable
[F(I,28) = 13.6, MSe = 6.7, p = .001], indicating that
degree of original learning was successfully manipu­
lated. Because ofthe identical study times for all four in­
terpolated lists of the two experimental conditions, one
would expect to find the same degree of learning for
these lists.? An analysis of variance (ANOYA) for the
data of the five-list groups of the two experimental con­
ditions confirmed this expectation: There was no main
effect of condition [F(1 ,28) < I], no main effect of list
[F(3,84) = 1.6, MSe = 3.6, p = .20], and no interaction
between the two factors [F(3,84) < I]. Mean perfor­
mance on these interpolated lists was 19.1 items.

Forgetting. For all five interpolation levels ofthe high­
high condition and the low-high condition, the final re­
call of the original list was analyzed. Figure IA shows
the data. Inspection of the graph suggests that both study
time on the original list and interpolation influenced re­
call performance, demonstrating the presence of differ­
ent acquisition degrees and of forgetting. More impor­
tant, the two forgetting functions look fairly parallel, which
indicates that the difference in recall performance caused
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Figure 1. Free recaU ofthe original list as a function ofthe number ofinterpolated lists and the degree of orig­
inal and interpolated learning in Experiment 1 (A) and Experiment 2 (B).• = high-high condition (high degree
of both original and interpolated learning). 0 = high-low condition (high degree of original and low degree of in­
terpolated learning). I> = low-high condition (low degree of original and high degree of interpolated learning).

by different study times on the original list remained about
the same across interpolation levels. An ANOVA con­
firmed this visual impression: W'iile there were highly
significant main effects of study time [F(1,140) = 38.2,
MSe = 13.5,p < .001] and interpolation level [F(4,140) =
25.1, MSe = 13.5,p < .001], the value ofthe critical inter­
action was found to be far from significant [F(4,140) < 1].

High-High Condition Versus High-Low Condition
Learning. Because of the identical study times on the

original list ofthe two experimental conditions, one would
expect to find the same degree oflearning for these lists.
In fact, recall performance without interpolation did not
differ reliably [F(1,28) < 1], with a recall of 19.5 j<ems
in the high-high condition and 19.8 items in the high­
low condition. The manipulation ofstudy time on the in­
terpolated lists ofthe two experimental conditions had an
effect on the degree to which they were learned. The data
ofthe five-list groups ofthe two experimental conditions
showed a mean performance of 19.4 items for the inter­
polated lists in the high-high condition and 15.4 items for
those in the high-low condition. An ANOVAfor these data
revealed the expected main effect ofstudy time [F(1,28) =
I I.I, MSe =: 41.8, p = .002], but no main effect of list
[F(3,84) = I.I, MSe = 4.5, P = .36] and no interaction
between the two factors [F(3,84) < 1]. Thus, degree of
interpolated learning was successfully manipulated.

Forgetting. Figure 1A shows the final recall of the
original list in the high-high condition and the high-low
condition for all five interpolation levels. Inspection of
the graph suggests two things. First, interpolation had an
effect on recall in both conditions, indicating the pres­
ence offorgetting. Second, on the basis ofa roughly equal
performance when there was no interpolation, perfor­
mance in the high-low condition was less impaired by
interpolation than was performance in the high-high

condition. The difference in recall across the two condi­
tions was 1.2 items after one interpolated list, increasing
up to 2.5 items after four interpolated lists. An ANOVA
confirmed that, with interpolation, both the study time
of the interpolated lists [F(I,112) = 7.7, MSe = 13.3,
P = .006] and the interpolation level [F(3,1l2) = 7.5,
MSe = 13.3, P < .001] reliably influenced recall perfor­
mance. The small tendency for a larger difference in case
ofa higher interpolation level did not reach significance
[F(3,1 12) < 1].3

Discussion
The degree of original and interpolated learning was successfully

manipulated in this experiment and retroactive interference was present.
Also, recall of the original task was reasonably free of floor effects in
all three experimental conditions, thus meeting the third basic precon­
dition to examine the role of original and interpolated learning on
retroactive interference.

Upon comparison, the forgetting functions of the high-high condi­
tion and the low-high condition were discovered to be parallel. In fact,
the difference in recall performance (caused by the degree of original
learning without interpolated material) was maintained when interpo­
lation was introduced. The amount of forgetting, therefore, did not de­
pend on the degree of original learning. This result generalizes Slamecka
and McElree's (1983) findings for normal forgetting to retroactive in­
terference. It also confirms the view proposed above that the results
from earlier studies, in which dependencies between retroactive inter­
ference and the degree oforiginal learning had been found, probably were
due to floor effects.

A comparison of the forgetting functions of the high-high condition
and the high-low condition revealed that the functions are different
across conditions. In fact, recall performance after a low degree of in­
terpolated learning was significantly higher than was recall perfor­
mance after a high degree of interpolated learning. The amount of for­
getting, therefore, did depend on the degree of interpolated learning.
This pattern of results parallels those from all previous studies, which
also found a positive relationship between the degree of interpolated
learning and the amount offorgetting ofthe original task. Nevertheless,
as is argued in the next paragraph, it might still be premature to con­
clude that it was the degree of interpolated learning per se that caused
this positive relationship.
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To corroborate that an increasing study time really improved perfor­
mance on the interpolated lists, the subjects had to do a recall test after
studying each interpolated list. These recall tests, however, also en­
gaged the subjects in retrieval practice on those lists. It is therefore cru­
cial for this experiment, and the conclusions that are drawn from its re­
sults, that the amount of retrieval practice was the same across the
different degrees of interpolated learning.

This supposition might be wrong. In fact, the subjects recalled more
items in the high-high condition than in the high-low condition during
these interpolated tests. Thus, the subjects in the high-high condition
may have had more occasions to suppress first-list items than did the
subjects in the high-low condition (Anderson et aI., 1994; Anderson &
Spellman, 1995). Moreover, the final recall test required the subjects to
remember all items from all study lists in any order. Since the subjects
in the high-high condition remembered more items from the interpo­
lated lists than did the subjects in the high-low condition, they also re­
called more items from these lists on this final recall test. As a result,
there may have been more output interference for first -list items in the
high-high condition than in the high-low condition (Smith, 1971). Each
ofthese two factors may have contributed to the lower recall in the high­
high condition. Thus, not only differences in the degree of interpolated
learning but also differences in the amount of retrieval practice and of
output interference could have caused the different amounts of forget­
ting. Experiment 2 was conducted to examine these objections.

EXPERIMENT 2

Method
Subjects

Eighty psychology students at the University of Regensburg partici­
pated in the experiment.

Material
The material was identical to that used in Experiment I.

_Design
The experiment included two experimental conditions: the high-high

condition and the high-low condition. In both conditions, one learning
list and four interpolated lists were presented to 40 subjects. As in Ex­
periment I, in the high-high condition, all items from all lists were pre­
sented at an exposure rate of 5 sec per item. In the high-low condition,
the items on the interpolated lists were presented for 2 sec per item, and
the items on the first list were presented for 5 sec each.

Procedure
The procedure was identical to the one used in Experiment I, with

two exceptions. First, the recall tests after each interpolated list were
eliminated and, instead, the subjects were engaged in a 90-sec distrac­
tor task. Second, in the final recall test, the subjects were directed to re­
call the items from the first list first. The subjects were given a mini­
mum of 3 min for this first-list recall, with additional time allowed. It
was stressed that only items from the first list should be recalled. This
recall was followed immediately by the recall of the second list, the re­
call of the third list, and so on. The same procedure was used for the re­
call of these four interpolated lists as for the recall of the first list.
Again, for each single list, it was stressed that only items from this list
should be recalled.

Results
Learning

As opposed to the procedure in Experiment 1, the pro­
cedure in Experiment 2 no longer allowed the direct ex­
amination of the degree of interpolated learning across
the two experimental conditions. However,since the learn­
ing method was similar to the one used in Experiment I,
it was assumed that the manipulation of the degree of in­
terpolated learning would be comparable to that in Ex­
periment 1 (see Discussion below).

Forgetting
For each of the two experimental conditions, the orig­

inaI list items that were recalled during the first-list final
recall were analyzed. Figure IB shows the recall perfor­
mance in the high-high condition and the high-low con­
dition after the four interpolated lists, together with the
two conditions' no-interpolation data from Experiment 1.
Inspection of the graph suggests that the different study
times for the interpolated lists did not have an effect on
recall performance. In fact, recall performance was 13.1
items in the high-high condition and 13.5 items in the
high-low condition. An ANOVAconfirmed that this dif­
ference is far from being reliable [F(l,78) < 1].4

Discussion
Experiment 2 was designed to completely separate the effect of in­

terpolated learning from the possible effect of retrieval factors. Whereas
Experiment I may still have confounded the degree of interpolated
learning and the amount of retrieval practice and output interference to
some extent, this source of bias was eliminated in Experiment 2 by ex­
cluding the recall tests after each interpolated list and directing the sub­
jects in the final recall tests to recall the original list first.

As opposed to the results of Experiment I, a comparison of the for­
getting functions between the high-high condition and the high-low
condition in Experiment 2 revealed no difference across conditions. In­
deed, recall performance after a high degree of interpolated learning
was practically identical to recall performance after a low degree, indi­
cating that the amount ofretroactive interference did not depend on the
degree of interpolated learning.

Although the manipulation of the degree of interpolated learning in
Experiment 2 could not be examined directly, a reasonable estimate of
this manipulation can be provided by comparing the final recall perfor­
mance for the second list in the high-high condition with that in the
high-low condition. For this second list, the two conditions match both
with respect to a possible proactive interference that might result from
the prior learning of the original list and, on the basis of the results of Ex­
periment 2, with respect to a possible output interference that might re­
sult from the prior recall of the original list. Now, if the amount ofretroac­
tive interference does not depend on the degree of original learning (see
Experiment I) and does also not depend on the degree of interpolated
learning (see Experiment 2), then the difference that is found in the final
recall of the second list reflects the manipulation of degree of interpo­
lated learning for this list. Final recall performance for the second list was
12.1 items in the high-high condition and 5.4 items in the high-low con­
dition [F(l,78) = 38.1, MSe = 23.0,p < .001], indicating a considerable
manipulation of the degree of interpolated learning in this experiment.'

The result that degree of interpolated learning did not influence the
amount of retroactive interference in Experiment 2 suggests two things.
First, it was not the degree of interpolated learning per se that caused the
larger amount of interference for the condition with the higher degree of
interpolated learning in Experiment I. Rather, it was probably the differ­
ent amount of retrieval practice and of output interference across the two
acquisition conditions that mediated the effect. Second, since all previous
studies used the anticipation procedure during acquisition of the interpo­
lation task, thus introducing a different amount of retrieval practice for the
different acquisition degrees, the consistent finding of a positive rela­
tionship between the degree of interpolated learning and the ability to re­
call the original list items may reflect the effect of different amounts of
retrieval practice. If true, it was not difference in the degree of interpo­
lated learning that caused the positive relationship in previous studies.

CONCLUSIONS

First, the present results indicate that the degree of original learning
has no substantial influence on the amount of retroactive interference
exerted by later lists, which is consistent with other work on normal for­
getting. More surprising, they even suggest that the degree of interpo-
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lated learning also has no influence on retroactive interference. These
invariances establish important empirical restrictions for models offor­
getting. The finding that greater interpolated learning does not increase
the amount of retroactive interference challenges forgetting models that
incorporate strength-dependent competition mechanisms (Mensink &
Raaijmakers, 1988) and seems inconsistent with similar accounts ofother
empirical phenomena, such as part-list cuing impairment (Rundus, 1973).

Second, the different pattern of results in Experiments I and 2 re­
veals nicely how retrieving some material may substantially inhibit the
recall of (previously learned) related material. By using quite a different
experimental paradigm than has been used in prior research (Anderson
et aI., 1994; Roediger, 1974, 1978; Smith, 1971), this finding provides
another striking demonstration ofthe important role ofretrieval-induced
forgetting in recall from long-term memory.

Finally, in the present study, lists of categorizable item pairs and sin­
gle items were presented to subjects. Many ofthe previous studies, how­
ever, used paired-associate study lists, in which cue-target associations
are presented to subjects, and each original target item has a very spe­
cific interpolated item with which it competes. A priori, it is possible
that, even though there is no evidence for a relationship between the de­
gree of interpolated learning and the amount of retroactive interference
in this study, a positive relationship may be found using the paired­
associate method. Future studies must clarify whether the present pattern
of results generalizes to this method."
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NOTES

1. To come to the conclusion that the degree oflearning does not influ­
ence the amount offorgetting, Siamecka and McElree (1983) assumed the
rates offorgetting to be equal for two acquisition degrees, ifthe forgetting
functions of the two conditions were (vertically) parallel. Although this
definition of equal forgetting is, to a certain degree, arbitrary (Bauml, in
press; Loftus, 1985), it is often regarded to be the most natural one (Estes,
1988; Siamecka, 1985) and thus has also been adopted in this study.

2. This expectation is also based on Tulving and Psotka's (1971) find­
ing that there is no proactive interference in this situation.

3. The data of Experiments I and 2 were also analyzed by means of
Batchelder and Riefer's (1986) multinomial storage-retrieval model. On
the basis of certain assumptions, this model enables a separate analysis
of storage and retrieval processes. The analysis showed that the degree
of original learning affected both storage and retrieval capacities,
whereas interpolation-high or low-influenced only retrieval but not
storage capacities, which is consistent with prior research on the source
of retroactive interference (Bauml, 1991; Riefer & Batchelder, 1988).
The influence of the degree of interpolated learning found in Experi­
ment 1 was thus due to different impairments in retrieval capacities for
the two acquisition degrees: A high degree of interpolated learning im­
paired retrieval of the original list to a greater extent than did a low de­
gree of interpolated learning.

4. Some subjects also recalled original list items during the final recall
of the interpolated lists. On average, 0.4 items from the original list were
recalled during this postinitial period in the high-high condition and 0.3
items in the high-low condition. Thus, the recall oforiginal list items after
the initial recall period was very rare and was not substantially different
between the two conditions. Ifthese items had been included in the analy­
sis, the pattern of outcomes, therefore, would not have changed.

5. A similar pattern of results was found for the final recall of the
third list (12.3 items in the high-high condition vs. 5.9 items in the high­
low condition), the fourth list (13.0 items vs. 7.8 items), and the fifth list
(10.1 items vs. 7.3 items). However, note that-as opposed to the final
recall of the second list-for the final recall of these last three lists, the
two conditions no longer match with respect to a possible proactive in­
terference and a possible output interference that may result from the
prior learning and prior recall of other lists. Indeed, the data are proba­
bly contaminated by these two sources of interference.

6. DaPolito (1966) investigated the role ofthe degree ofprior learning on
the amount ofproactive interference using a paired-associate task.He found
that the degree of prior learning did not affect the recall of the target items
(see Riefer & Batchelder, 1988, for a multinomial analysis ofthis data set).
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