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4 The modulating effect of target item 
strength in retrieval-induced forgetting 

 
 

Abstract 
 

The strength-independence property of the inhibitory account proposes 
that the strength of the practiced item has no influence on the degree of 
retrieval-induced forgetting. Evidence for this assumption was obtained in an 
experiment by M. C. Anderson, Bjork and Bjork (1994). However, careful 
examination of the inhibitory account as proposed by M. C. Anderson et al. 
reveals that the equal amount of impairment for strong and weak targets 
actually contradicts with an inhibition based process. The present paper 
investigates this problem and focuses on the role of the practiced items by 
manipulating their strength. The results of the experiments contradict the 
strength-independence property showing that the target item strength modulates 
the recall of the non-target items. 

 

 
 

4.1 Introduction 

Retrieval-induced forgetting refers to the finding that practicing 
items impairs the recall of other items related to the same cue. M. C. 
Anderson, Bjork and Bjork (1994) developed the retrieval practice 
paradigm to demonstrate this phenomenon. The paradigm consists of 
four phases. Participants first study a list of category-item exemplars. 
This study phase is followed by a practice phase in which half of the 
items from half of the categories are practiced (Rp+ items) using a 
category-plus-word-stem cued recall task. After a delay, usually 20 
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minutes, category names are given and participants have to recall as 
many items as they can remember from the study phase. In this 
paradigm, impaired recall is usually observed for the non-practiced  
(Rp-) items from the practiced categories compared with the recall of 
the non-practiced (Nrp) items from the non-practiced categories. Given 
that both type of items are not practiced during the experiment, the 
impairment found is assumed to be due to the practice of the Rp+ items. 

Strength-based models (Raaijmakers & Shiffrin, 1981; J. R. 
Anderson, 1983a, 1983b; Mensink & Raaijmakers, 1989) explain the 
retrieval-induced forgetting effect in terms of the associative strength 
between the cue and items. They argue that strengthening the 
association between a cue and an item leads to relatively weaker 
association between that cue and other items. When a cue is presented in 
a later recall test, the items with the stronger association interfere with 
the relatively weaker items, blocking their recall. Hence, impaired recall 
of the non-practiced Rp- items is due to interference caused by the 
strength of practiced Rp+ items.  

M. C. Anderson et al. (1994), however, argue that strength 
based models confound the strengthening of the practiced item with 
inhibition of the non-practiced items during the retrieval-practice. They 
claim that during target item practice the non-target items also compete 
for recall and to overcome this competition the non-target items have to 
be inhibited leading to a long lasting impairment. Thus, retrieval 
practice not only improves the recall of the target item, but also impairs 
the recall of the non-target items. It is this inhibition during the 
retrieval-practice phase that leads to the impaired recall of the non-target 
items in the test phase, and the inhibition is assumed to be independent 
of the strength of the target items. 

Since retrieval of the target item leads both to strengthening of 
the target items and inhibition of the non-target items the two processes 
should be separated. In an experiment, M. C. Anderson, Bjork & Bjork 
(2000) used two strengthening methods of the Rp+ items to dissociate 
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item strength from the inhibitory process during the retrieval practice. In 
the competitive condition target items were strengthened by using the 
category-plus-word-stem cued recall, in the non-competitive condition 
strengthening was manipulated by the retrieval of the category name 
given the target item plus the initial letter of the category as cues. 
Although the target items were strengthened in both conditions to the 
same level, the Rp- items were only impaired in the competitive 
condition, but not in the non-competitive condition. According to their 
reasoning, in the competitive condition an active search for the target 
item also activates the non-target items and the activated non-target 
items compete for recall. To control and overcome this competition 
these non-target items have to be inhibited. Such a control process is not 
necessary in the non-competitive condition, because the target items are 
provided and thus no competition of non-target items should occur. M. 
C. Anderson et al. concluded that only inhibition but not strength-based 
competition could explain the observed pattern, since only the retrieval 
process, but not the target item strength influenced the amount of 
impairment.  

In another series of experiments (M. C. Anderson et al., 1994), 
the influence of item strength was more directly investigated. The item 
strength for both, the target Rp+ items and the non-target Rp- items was 
varied using different taxonomic frequencies. Weak items were words 
with low taxonomic frequencies and strong items were words with high 
taxonomic frequencies. Manipulating item strength already during the 
study phase has an advantage since strengthening takes place without 
active retrieval of the target item and hence no inhibitory processes are 
involved. They found that the amount of impairment was not affected 
by the strength of the practiced items, rather it was influenced by the 
strength of the non-practiced items. They found more impairment for 
strong non-practiced items, and less or no impairment for weak non-
practiced items. The observed pattern therefore is inconsistent with a 
strength-based competition account, since no effect of target item 
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strength was found, but it does support the account provided by 
inhibitory theory. The authors claimed that stronger Rp- items compete 
more than weak Rp- items during the retrieval of the Rp+ items, and 
therefore they have to be inhibited to a greater degree. This greater 
inhibition in turn leads to more impairment later on. Weak items on the 
other hand compete less and therefore inhibition is not necessary. In 
summary, if retrieval-induced forgetting is affected by item strength 
then it is solely by the strength of the competing non-target items, and it 
is independent of the strength of the target items. 

In summary, the above-mentioned experiments provide 
evidence against the role of target item strength in retrieval-induced 
forgetting. Moreover the assumption that impairment of non-target 
items is a result of an inhibitory control mechanism during retrieval, and 
not affected by the strength of the target items, is also demonstrated by 
Bäuml (1996, 1997, 1998) using other experimental paradigms such as 
retroactive interference, list-strength effects and output interference.  

Bäuml (1996) demonstrated that retrieval and not learning of 
the target information leads to impairment using the retroactive 
interference phenomenon. He argued that the greater impairment of the 
original learning that was caused by the higher degree of interpolated 
learning could be better explained by inhibition as M. C. Anderson et al. 
(1994) proposed. It is not the better learning of the interpolated list, but 
it is the retrieval that increases the impairment, because the more 
retrieval attempts are made the greater the suppression of the non-
practiced items. Firstly, he demonstrated that varying the strength of the 
original list did not affect its later recall: whether the original list was 
strong or weak, the amount of retroactive interference was the same. 
The strength of the interpolated list, however, did influence the recall of 
the original learning: Stronger interpolated lists led to more impairment 
than weaker interpolated lists. Secondly this impairment only occurred 
when the interpolated list was actively recalled during its study. Without 
active recollection of the interpolated items, both strong and weak lists 
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led to the same amount of impairment. In summary, retrieval and not 
learning of the interpolated list influenced retroactive interference and 
the amount of forgetting depended only on the degree of retrieval 
practice during interpolated learning. 

Bäuml (1997) argued that list-strength effects could also be 
better explained by suppression and not by item strength. He claimed 
that research on list strength effects confounded item strength effects 
with output order effects. He demonstrated that by controlling the output 
order of the items the list strength effects disappear. When the output 
order of the items was not taken into account he found higher recall for 
the strong items on the mixed list than on the pure strong list, and higher 
recall for the weak items on the pure weak lists than on the mixed lists. 
However when only the performance of the initially tested items was 
taken into account, the recall of the strong and weak items were similar 
in both mixed and pure conditions. He argued that output order effects 
were caused by inhibitory processes, because retrieving an item 
suppresses the other to-be-remembered items. Since in the initial testing 
position no inhibition occurred, no effect of item strength was to be 
expected. On the other hand, items recalled on the second half of the test 
do suffer from inhibition, because they are already suppressed by the 
retrieval of the initially tested items. Since most experiments on the list-
strength effect did not control for output interference and thus computed 
the effect on the whole list, output interference effects are confounded 
with list strength effects. In summary, Bäuml concluded that list-
strength effects are better explained by an inhibitory mechanism. 

Finally, Bäuml (1998) also examined the role of item strength in 
output interference. Participants were presented with a list of category-
item pairs that consisted of strong and moderate or weak and moderate 
items. The recall of the strong items was lower when they were tested 
after the moderate items; however the recall of the weak items was not 
influenced by the output order. He claimed that the observed pattern 
was consistent with the assumptions of the inhibitory theory: Strong 
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items competed more than weak items during the retrieval of the 
moderate items and therefore they were more inhibited. Thus, Bäuml 
concluded that the strength of the competing items determines the 
amount of inhibition. Furthermore, Bäuml argued that output 
interference was independent of the strength of the retrieved items, as 
the strength dependent models would suggest. In the case of strength 
dependence it is predicted that both strong and weak items should suffer 
from the interference of the already recalled items, however, the weak 
items did not suffer at all from output interference. The recall of the 
moderate items as well was not influenced by the strength of the already 
retrieved items: in both strong-moderate and weak-moderate lists the 
recall rates for the moderate items in the second half were similar, 
providing additional evidence against strength-dependent competition. 

In summary, support for the assumption that inhibitory 
processes are active during retrieval is not restricted to the retrieval-
induced forgetting paradigm but can be extended to other phenomena 
such as retroactive interference, list-strength effects and output 
interference. The above-described studies therefore give ample evidence 
against the strength-based models that emphasize the role of target item 
strength in the impairment of related non-target items.  

However, a closer examination and comparison of the above 
mentioned studies raises questions about discrepancies in the 
interpretation of the data and their theoretical explanations. In the 
following paragraphs we sum up the main points of critique.  

M. C. Anderson (2003) and Bäuml (1996, 1997, 1998) appear 
to use differing interpretations of the inhibitory process, yet these 
differences are not mentioned in their papers. M. C. Anderson (2003) 
assumes that inhibition is necessary “to override prepotent responses” 
(p.418), thus the competitors are inhibited before the recall of the target 
item in order to control that the irrelevant non-target item is not 
retrieved. Inhibitory control avoids the recall of irrelevant information. 
In the papers of Bäuml (1997, 1998) inhibition occurs after the recall of 
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the target item. He argues that “retrieving an item suppresses other 
items that are associated to the same cue.” (Bäuml, 1997, p.261, 
similarly Bäuml, 1998, p.462). Therefore the recall of the target item 
leads to the inhibition of the irrelevant information. Note that if 
inhibition is indeed a control process that avoids the activation of 
irrelevant information, then inhibiting the non-target items after the 
recall of the target item is not necessary. Rather, Bäuml’s interpretation 
of the inhibitory process shows resemblance with the strength-based 
models that assume that the amount of target item recall is what defines 
the amount of blocking: The more items recalled the more the to-be-
recalled items are impaired. This resemblance is even stronger if we 
look at his second proposition: “the more items associated with a cue 
that are retrieved, the more impaired those related items will be.” 
(Bäuml, 1997, p. 261; similarly Bäuml, 1998, p. 462). However, this 
proposition even suggests that target item strength does influence the 
amount of inhibition and thus contradicts also with his own third 
proposition, which is that ”the impairment does not depend on the 
strength of the retrieved item but only of its successful recall” (Bäuml, 
1997, p. 261; similarly Bäuml, 1998, p. 462). However, successful recall 
depends on the strength of the retrieved item. The stronger an item is the 
greater the probability that it will be recalled. 

The differences between the interpretations of the theory also 
lead to logical inconsistencies in the data set. For instance the data 
pattern found in Bäuml’s experiment might support his own reading of 
the inhibitory account, but seems inconsistent with the inhibitory 
account of M. C. Anderson (e.g. 2003). In the next paragraph we will 
discuss the most obvious discrepancies. 

The reasoning behind the retroactive interference account 
proposed by Bäuml(1996; 1997;1998) for instance, seems inconsistent 
with M. C. Anderson’s (e.g. 2003) inhibitory point of view. Bäuml 
(1996) demonstrated that only the greater learning of the interpolated 
list influenced the amount of inhibition, and not the strength of original 



Chapter 4 

104 
 

list. However, if retroactive interference is purely an inhibitory process 
then the strength of the original list rather than that of the interpolated 
list should have affected the impairment. Since the items from the 
original lists are competing for recall during the retrieval of the 
interpolated list, and since greater competition leads to greater 
inhibition, the items from the stronger original list should have been 
impaired more than the items from the weak original lists. On the other 
hand the effect of the strength of the interpolated list actually supports 
strength-based models: the stronger the interpolated list is, the more 
interference it causes. In the second experiment, Bäuml did not find an 
effect of the strength of the interpolated list either, which could be 
considered evidence against strength-based models. However, 
Malmberg & Shiffrin (2005) found that strengthening an item by 
increasing the study time did not influence the amount of impairment 
found for the non-strengthened items. In the second experiment of 
Bäuml, the strength of the interpolated list was also manipulated by 
increasing presentation time, which might have not been sufficient to 
increase interference on the original list. Note here that in the first 
experiment the interpolated list was also retrieved after each 
presentation, and thus the above-mentioned argument only applies for 
the second experiment. In summary, the results found by Bäuml (1996) 
are problematic rather than supportive for an inhibitory account based 
on M. C. Anderson’s reading of the theory. 

Similar interpretational problems arise in the study on the list-
strength effects (Bäuml, 1997). In these experiments, the performance 
on weak items in mixed lists (half weak, half strong) is worse than in 
pure weak lists and the performance on strong items is better is mixed 
lists than in pure strong lists. Bäuml claims that such list-strength effects 
are predicted by the inhibitory account. This might be the case in 
Bäuml’s interpretation of inhibition, in which suppression is caused by 
already retrieved items, and the already recalled strong items in the 
mixed condition cause more interference for the weak items. However, 
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M. C. Anderson’s (2003) inhibition view would be only plausible for 
list-strength effects when the following two conditions are met: First, 
when output interference is not controlled; and second, when the 
comparison recall rate is calculated as the average recall of the whole 
pure list. If the recall rates are calculated as the average of the matching 
strong items in the different lists, (i.e., secondly tested items on the 
mixed list compared secondly tested items in the pure list), no 
difference should be found between recall rates, since these items are 
only affected by their own strength, which is similar, and not by the 
strength of the other items on the list. Using the average recall rate on 
the pure list would decrease/increase recall rates because of output 
interference. This output interference, however, should not necessarily 
have to be caused by inhibition. Bäuml (1997) indeed argues that 
restricting the analysis to the first part of the list, no list strength effects 
are present. Analyzing the whole list would have been a better argument 
against the strength based models, since the two theories expect 
different patterns: the inhibition theory expect no LSE when output 
interference is controlled, the strength-based models on the other hand 
still predict differences between pure and mixed lists. Note that a later 
study by Verde (2009) on list strength effects that also controlled for 
output interference did find list-strength effects for the first part of the 
list.  

Finally, we would like to mention here the discrepancy in two 
findings that derive from a similar experimental setup and yet have been 
used to support different arguments. Bäuml (1997) found similar test 
position effects for strong and weak items: -6,5% decrease for strong 
items; and -3,7% decrease for weak items. The difference was not 
significant. He argues that the decrease in both weak and strong item 
recall in the second position is a demonstration that list-strength effects 
are actually caused by output interference effects and thus by 
suppression. In both cases the later retrieved items suffer from the 
inhibition of the already retrieved items. In contrast to the above 
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mentioned result, Bäuml (1998) found impairment for strong items (-
5.6% decrease), but no impairment for weak items (+3.7% increase) 
when these were tested in the second position. This data pattern 
according to Bäuml demonstrates that inhibition is determined by item 
strength, and thus weak items are less/not inhibited.  

In summary, although at first glance the strength independent 
property of the inhibitory account seems a clear-cut and well supported 
assumption, a closer look at the data and theory raises doubts. Since the 
assumptions regarding the inhibitory process are not consistently used 
by different researchers, the interpretation of the results does not fit the 
different readings of the theory. 

The inconsistencies between the observed data and the 
predictions of the inhibition theory led us to carry out a further 
experiment testing the role of item strength in retrieval-induced 
forgetting. More specifically we investigated the influence of the 
strength of the target item using the retrieval-practice paradigm.  

4.2 Present study 

Similarly to M. C. Anderson et al. (1994) we manipulated the 
strength of the items within the study phase to examine its modulating 
effect on retrieval-induced forgetting. Since in the study phase target 
items are strengthened without active retrieval, differences in 
impairment of the corresponding non-target items can only be due to 
item strength and not due to retrieval processes. We made two major 
changes in the item strength manipulation of the original setup of the M. 
C. Anderson et al. experiment. 

First, M. C. Anderson et al. (1994) manipulated item strength 
by varying the taxonomic frequency. In the present experiment, 
exemplars were chosen with similar taxonomic frequencies and item 
strength was manipulated by the number of presentations of the items 
during the study phase: Some of the items were presented once, others 
twice. Exemplars presented twice during the study phase were defined 
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as strong items, and items presented once as weak exemplars. In this 
way we could manipulate item strength independently from the 
particular exemplar. This manipulation made it possible that all items 
could take on the role of strong or weak exemplars. 

Second, only the item strength of the practiced item was 
manipulated. A fully crossed design, in which the strength of both types 
of exemplars is manipulated, could not give a clear picture whether the 
unpracticed or the practiced items cause the differences in the 
impairment. For example larger impairment of strong unpracticed items 
can be caused by their own strength as the inhibition theory argues, but 
can be also caused by the corresponding strong practiced item, as the 
interference theory claims. 

In the present experiment in half of the practiced categories the 
Rp+ items were presented twice and in the other half only once during 
the study phase. As a result Rp+ items were strong (Rp+2) in half of the 
categories and weak (Rp+1) in the other half of the categories. The 
strength of the Rp- items was not manipulated, therefore any differences 
in the recall of Rp- items should be due to the manipulation of the 
corresponding Rp+ items. If indeed retrieval-induced forgetting is a 
strength-independent process as the inhibition theory claims, then the 
same amount of impairment should be found in all the practiced 
categories independently how many times the Rp+ items were presented 
in the study phase.  

4.3 Experiment 1 

4.3.1 Method 

Participants 

Fifty-three students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. All participants had Dutch as their mother tongue. The 
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average age of the participants (17 male, 36 female) was 22.45 years 
(range 18-47 years). All had normal or corrected-to-normal vision.  

Design 

Two factors were manipulated within subjects: the retrieval-
practice status and the number of presentations in the study phase. As in 
previous experiments, half of the categories were practiced and within 
these categories half of the items were practiced during the retrieval-
practice phase (Rp+) and the other half were not practiced (Rp-). In the 
other half of the categories none of the items received practice in the 
retrieval-practice phase (Nrp). The number of presentations in the study 
phase had two levels: Rp+1 items were presented once, and Rp+2 items 
were presented twice during the study phase. The counterbalancing 
resulted in twenty-four lists that were used as between-subjects 
variables.  

Materials 

 Category and exemplar selection 

Categories were selected from the Camp, Jakab and 
Raaijmakers (2010) and Storms (2002) category norms. Eight 
experimental (flowers, drinks, insects, metals, herbs, sports, birds, 
weapons) and two filler (fabrics, occupations) categories were chosen. 
All category names were unambiguous, had a length of one word and no 
more than three syllables. Categories were chosen with similar 
taxonomic frequency distributions. 

Six exemplars were chosen from each category. All exemplars 
in the categories had medium taxonomic frequencies. The average 
taxonomic frequency in the categories was 13.83 (median 12.5) 
according to the Camp, Jakab and Raaijmakers (2010) category norms 
and 15.88 (median 14), according to the Storms (2002) category norms. 
No two items began with the same two letters in order to ensure that 
each target in the retrieval-practice phase was uniquely specified. Items 
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were chosen with a length between four and eight letters, and between 
one and three syllables. The average length was 5.73 letters and 1.90 
syllables.  

 Study lists 

In the study phase, the Rp+ items were presented twice in half 
of the practiced categories, resulting in 9 items per category. Rp- and 
Nrp items were never presented twice during the study phase. In total 54 
experimental and 12 filler category-items pairs were presented in the 
study lists. The order of the items was arranged using balanced Latin 
squares (Wagenaar, 1969). Similarly to the M. C. Anderson et al. (1994) 
study, eight category-item pair blocks were created. Each block 
consisted of one of the items from the different categories. At the 
beginning and at the end of the list two filler items were placed. The rest 
of the filler items were used to avoid that the same two categories 
appeared in the same order more than once.  

 Retrieval lists 

The retrieval practice lists were constructed from 12 category-
item stem pairs from the experimental categories and 4 category-item 
stem pairs from the filler categories. Each exemplar was presented three 
times. As in the study of M. C. Anderson et al. (1994), exemplars were 
arranged in an expanding schedule. Between the first and the second 
presentation of an exemplar, 3.7 exemplars appeared; and between the 
second and third presentation 6.7 exemplars were shown. No two 
category members were presented adjacently. In the retrieval-practice 
phase, 48 category-items stem pairs were presented. Counterbalancing 
the order of the categories, four retrieval practice lists were constructed.  

 Test lists 

In the test phase, category plus stem cued recall was used. Next 
to the category name the first letter of the items was also given, in order 
to control output interference. The test lists consisted of one filler and 
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eight experimental categories. After the filler category, the practiced and 
unpracticed categories were presented in an alternate order. Half of the 
lists began with an unpracticed category followed by a practiced 
category or vice versa. Within a practiced category half of the lists 
began with the Rp+ items, and the other half with the Rp- items. The 
counterbalancing resulted in eight test lists. 

Procedure 

The experiment was controlled by two Pentium G3 computers. 
E-Prime (Schneider, Eschman & Zuccolotto, 2002) was used to run the 
experiment. Participants were tested individually or in groups of two.  

The procedure followed the retrieval practice paradigm used by 
M. C. Anderson et al. (1994). The experiment consisted of four phases: 
the study phase, the retrieval-practice phase, the distracter and the final 
test phase. Participants were told that they were participating in a 
memory experiment. All instructions were presented on the computer 
screen. In the study phase, they were instructed to learn the category-
word pairs. A plus sign was first presented for 500 ms then the 
category-item pairs were presented in the middle of the screen for 5 s, 
followed again by the plus sign. In the retrieval-practice phase, after the 
plus sign for 500 ms a category and the first two letters of an item were 
presented in the middle of the screen for 7 s. Participants were 
instructed to fill in the word stem with the items they had learned in the 
study phase. The retrieval-practice phase was followed by a 20 minutes 
distracter task. Two unrelated visual tasks were given as distracter tasks. 
In the final test phase, participants were presented with a category name 
plus the first letter of an item. They were told to complete the stem with 
an item from the study phase. After 7 sec a plus sign appeared on the 
screen for 500 ms and the next category-plus-one-letter stem was 
presented. After the experiment, participants were also asked to 
complete an exit questionnaire.  
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4.3.2 Results and discussion 

Retrieval practice  

In the retrieval-practice phase, the probability of correctly 
completing an exemplar depended on its presentation status. The recall 
of the strong Rp+ exemplars were 91%, which is similar to M. C. 
Anderson et al.’s (1994) data (M=90%); the weak Rp+ exemplars were 
86% recalled, which is higher than obtained by M. C. Anderson et al. 
(M=74%). 

Final memory test 

The recall rates were computed for Rp+1, Rp+2, Rp-1, Rp-2 
and Nrp. Rp-1 items belonged to the categories in which Rp+ items 
were presented once; Rp-2 items belonged to the categories in which 
Rp+ items were presented twice. Repeated measures analysis of 
variance (ANOVA) was used to analyze the data, in which retrieval 
status was used as within subject factor, and type of list as between-
subjects factor. An alpha level of .05 was used for all statistical tests. 

The main effect of retrieval practice status was significant, 
F(4,116)= 60.96, p<.001. Planned comparisons revealed improved 
recall for both Rp+2 items (M=81%), F(1,29)=124.46, p<.001; and for 
Rp+1 items (M=78%), F(1,29)= 80.29, p<.001 compared with the Nrp 
items (M=49%). A significant impaired recall was found for Rp-2 items 
(M=39%), F(1,29)=11.18, p=.002, but not for Rp-1 items (M=47%), 
F(1,29)<1. These results replicate retrieval-based learning, and partly 
retrieval-induced forgetting effects. 
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 Retrieval-induced forgetting as a function of strength of 
practiced items 

Retrieval-induced forgetting was calculated by distracting the 
recall of Rp- items from the recall of the Nrp items. The Rp- items were 
grouped depending on how many times Rp+ items were presented in 
their category in the study phase. The retrieval-induced forgetting was 
abbreviated by RIF-1 for the Rp-1 items, and by RIF-2 for the Rp-2 
items. Repeated measures ANOVA was carried out with retrieval-
induced forgetting as within subject factor and type of list as between-
subjects factor.  

A significant main effect was found for retrieval-induced 
forgetting, F(1,29)= 4,37, p<.05. Impairment found for Rp- 2 items (M= 
10%) was significantly higher than that for Rp-1 items (M= 2%). Rp- 
items in the categories in which Rp+ items were presented twice were 
more impaired than Rp- items in categories in which the Rp+ items 
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Figure 1. Mean recall percentages (with 95% confidence intervals) for the 
retrieval practice conditions as a function of the number of 
presentations. 
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were presented once. According to these results the number of 
presentations of the Rp+ items influenced the amount of retrieval-
induced forgetting. 

In summary, Experiment 1 demonstrated that the target item 
strength influences the amount of retrieval-induced forgetting. When the 
target item is stronger the amount of impairment is larger. 

One might argue that we did not find retrieval-induced 
forgetting effects when the Rp+ items were presented once. The 
impairment observed in this condition should serve as the basic 
retrieval-induced forgetting effect. Note, however, that retrieval-induced 
forgetting is not a large effect when the positions of Rp+ and Rp- items 
are carefully counterbalanced within a category. In a previous study 
(Jakab & Raaijmakers, 2009) we found only 4% impairment with 
category cued recall, when both Rp+ and Rp- items were presented in 
all possible positions within their category. Retrieval-induced forgetting 
effect increased/decreased as the Rp- items were placed in the 
later/earlier positions hence demonstrating the importance of within 
category positions of the items. Since within category position should 
not be part of the measured retrieval-induced forgetting effect in the 
present experiment we counterbalanced for this factor. Furthermore, we 
used the category-first-letter-stem cued recall, in which case the amount 
of retrieval-induced forgetting, in general, is even lower and not always 
found. M. C. Anderson et al (1994) in their second and third experiment 
found retrieval-induced forgetting only for the strong exemplars. Weak 
Rp- items were not impaired and in some cases rather facilitated. In 
summary, the lack of retrieval-induced forgetting effect rather 
demonstrates that retrieval-induced forgetting in general is a small effect 
when factors that could lead to artefacts are controlled. 

A second objection against Experiment 1 might be that we did 
not use a full design. The Nrp categories were not matched with the Rp 
categories. One might argue that for the Nrp categories half of the items 
in half of the categories also should have been studied repeatedly in the 
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study phase. In this way both Rp+ and Rp- can be matched with their 
own baseline: The recall of the twice presented Rp+ would then be 
compared with the twice presented Nrp items from the categories in 
which half of the items are twice presented, and the other half once 
(Nrp2 categories), and the once presented Rp+ items would be 
compared with the Nrp categories in which all items are presented once 
(Nrp1 categories).  

This matching might be better for the calculation of the practice 
effects for the Rp+ items, however, it is not necessary from an 
inhibitory point of view. According to the inhibitory account relearning 
without retrieval should not affect the recall of the not-relearned items. 
Presenting half of the Nrp items twice should be seen as relearning and 
thus should not affect the recall of the once presented items in the same 
category. Consequently, once presented items in both Nrp1 categories 
and Nrp2 categories should be recalled to the similar level, and a 
complete match between Nrp and Rp- items is actually not needed.  

In contrast to the inhibitory theory the strength-based models do 
predict differences in the recall of the once presented Nrp items in the 
Nrp1 and Nrp2 categories. Presenting half of the Nrp items twice should 
impair the recall of the once presented items in the same category, 
because the stronger Nrp items interfere with the weaker Nrp items. 
Since both Rp- and Nrp items should suffer from the repeated 
presentation of the corresponding Rp+ and Nrp items, and retrieval-
induced forgetting is a difference between the recall of the Rp- and Nrp 
items, the retrieval-induced forgetting found in the twice presented 
condition might not differ from the retrieval-induced forgetting found in 
the once presented condition.  

In summary, retrieval-induced forgetting effect in a fully 
designed experiment is strongly influenced by the recall of the different 
types of Nrp items. No differences between the amount of retrieval-
induced forgetting might be due to inhibition, but it might be due to the 
differences in the recall rates of the different type of Nrp items. For 
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instance with increasing strength of the Rp+ items the recall of the Rp- 
item might decrease, but this difference is masked by the decreasing 
recall of the Nrp items that match the Rp- items leading to similar 
amount of retrieval-induced forgetting in both conditions.  

Nevertheless, we carried out such an experiment with a full 
design, but we kept track of the above-mentioned problems, and 
therefore we not only looked at the retrieval-induced forgetting effects 
in general, but also examined the recall of the Nrp items. We made the 
following prediction. According to an inhibitory view the amount of 
retrieval-induced forgetting should be the same for both Rp+2x 
condition and Rp+1x conditions. However, equality of the amount of 
retrieval-induced forgetting only supports an inhibitory view if the once 
presented Nrp items in both Nrp1 and Nrp2 categories are recalled to 
the similar level. If the equal amount of impairment is due to the 
fluctuating baseline, the result cannot be regarded as a unequivocal 
support of the inhibitory view, since the baseline items in general should 
not vary from an inhibitory point of view. 

4.4 Experiment 2 

4.4.1 Method 

Participants 

Forty-eight students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. All participants had Dutch as their mother tongue. The 
average age of the participants (13 male, 35 female) was 20.8 years 
(range 18-29 years). All had normal or corrected-to-normal vision.  

Design 

As in Experiment 1, the retrieval-practice status and the number 
of presentations in the study phase were manipulated. The manipulation 
of the retrieval-practice status was the same as in Experiment 1, 
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resulting in three sorts of items: Rp+, Rp- and Nrp exemplars. The 
number of presentations in the study phase had two levels, which was 
also extended to the Nrp items: Rp+1 and Nrp1 items were presented 
once; and Rp+2 and Nrp2 items were presented twice during the study 
phase. The counterbalancing resulted in twenty-four lists.  

Materials and procedure 

The same stimulus material was used as in Experiment 1. 
Except from the study list, the retrieval and test lists were constructed in 
the same way as in Experiment 1. In the study phase, similarly to the Rp 
+ items, the Nrp items were presented twice in half of the categories, 
resulting in two sorts of Nrp categories. In half of the Nrp categories, all 
the items were presented once, Nrp1 items, in the other half of the Nrp 
categories half of the items were presented once, Nrp1 items, and the 
other half twice, Nrp2 items. In total 60 experimental and 12 filler 
category-items pairs were presented in the study lists. The procedure 
used in the experiment was identical that of Experiment 1.  

4.4.2 Results and discussion 

Retrieval practice  

In the retrieval-practice phase, the correctly completed exemplar 
rates were 91% for the strong Rp+ exemplars and 88% for the weak 
Rp+ exemplars, which is similar to the pattern found in Experiment 1. 

Final memory test 

The recall rates were computed for all different Rp and Nrp 
items. The abbreviations for the Rp items were the same as in 
Experiment 1. In the baseline condition, the Nrp1 items belonged to the 
categories in which all the items were presented once; Nrp-2 items 
belonged to the categories in which Nrp+2 items were presented twice. 
The Nrp items were used as baseline in the following combinations: the 
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Nrp+2 items were used as baseline for Rp+2, Nrp-2 for Rp-2, Nrp1 for 
Rp+1 and for Rp-1. Table 1 shows the recall percentages for the 
different item types.  

The data were analyzed using a repeated measures ANOVA, in 
which item type and strength were used as within subject variables, and 
type of list as between subject variable. An alpha level of .05 was used 
for all statistical tests. The data of the practiced and unpracticed items 
were examined in a separate analysis. First, we investigated the 
facilitatory effects for the Rp+ items. The main effect of item type was 
significant, F(1,24)=34.84, p<.001, the Rp+ items were better recalled 
(M = 78%) than the Nrp+ items (M = 60%). Thus, the retrieval practice 
of the Rp+ items was successful. The main effect of strength was also 
significant, F(1,24)=11.06, p=.003, presenting items twice improved 
their recall (M = 74%) compared with the once presented items (M = 
64%). The interaction between item type and strength showed a trend 
towards significance, F(1,24)=2.86, p=.104. The Nrp items benefited 
slightly more from the repeated presentation in the study phase 
(M=13%), compared with the Rp+ items (M=5%), however, this 
difference was not significant. 

 

 

 
 
 

 Item Type 

Item 

Strength 
Rp+ Rp- Nrp(+) Nrp(-) 

1x .75 .50 .54 .54 

2x .80 .44 .67 .48 

Table 1.Mean percentage recall as a function of item type and item 
strength in Experiment 2 
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Second, we investigated the inhibitory effects for the Rp- items. 
The main effect of item type revealed a trend towards significance, 
F(1,24)=3.62, p=.07. The recall of the Rp-items (M=47%) was lower 
than that of the Nrp items (M=51%), but it did not reach significance, 
hence no retrieval-induced forgetting was found in the present 
experiment. The main effect of strength was significant, F(1,24)=4.93, 
p=.04. The recall of the once presented items (M=52%) was better when 
the other category members were also presented once during the study 
phase compared with when they were presented twice (M=46%). 

In summary, retrieval practice facilitated the recall of the 
practiced items, but only slightly impaired the recall of the non-
practiced items. Moreover, strengthening half of the category members 
influenced the recall of the non-strengthened exemplars in both 
practiced and non-practiced categories. However, retrieval-induced 
forgetting was similar in both conditions, a result that might be 
considered support for the strength-independence property. 

It may however be premature to conclude that our results 
support the inhibition theory since a closer examination of the data 
reveals that the reason behind the lack of an effect of target item 
strength could be two-fold, even without accepting strength-
independence: first, the increased impairment with increasing target 
item strength might have been masked by the decreasing recall rates for 
the matching baseline; second, the original strength differences between 
the various Rp+ items were diminished by the retrieval-practice phase. 
Indeed, we found that the recall rate of both Rp- and Nrp items were 
influenced by the strength of the other category member, but no 
interaction was found suggesting that the recall rates of both types of 
items decreased to the same level as a function of the strength of the 
related items.  

Moreover both in Experiment 1 and in Experiment 2 the recall 
rates in the test phase only marginally differed for the various Rp+ 
items. These differences were in Experiment 1, M=3%; and in 
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Experiment 2, M=5%. It might be the case that our original item 
strength manipulation was diminished by the retrieval-practice phase. 
Since weaker items usually benefit more from extra retrieval, it might 
be possible that the Rp+1x items benefited more from the retrieval-
practice phase, leading to similar recall rates between strong and weak 
Rp+ items. We examined the recall rates separately for the 3 cycles of 
practice. The first cycle could give an indication whether the original 
item strength manipulation was successful; the examination of the last 
cycle on the other hand could indicate whether retrieval practice indeed 
diminished the original differences. In Experiment 1 in the first practice 
cycle the recall of the Rp+1x items (M=80%), was M=9% lower than 
that of the Rp+2x items (M=89%). However in the last practice cycle 
this difference decreased to M=5% between Rp+1x (M=88%) and 
Rp+2x (M=93%) items. In Experiment 2 the differences was already 
small, M=4%, between the Rp+ 1x (M=85%), compared with Rp+2x 
(M=89%) items in the first cycle. In the last cycle the difference 
remained almost the same, M=3%, (M=90 for Rp+1x items; and 
M=93% for Rp+2x items 

In summary, the lack of differences between the impairment for 
the Rp-1 and Rp-2 items can be better explained either by variability of 
the baseline as a function of item strength or by the similar strength of 
the weak and strong items then by strength-independence. Hence, from 
the present results a stronger conclusion about the strength-
independence property cannot be drawn. An additional experiment is 
necessary in which at least the original strength of the practiced items is 
still retained in the test phase. Note that variability of the baseline can 
only be solved if we do not vary the strength of the Nrp items.  

In the third experiment we therefore altered the retrieval-
practice phase. Instead of providing the two initial letters of an item, a 
one-letter stem cue was given. We assumed that presenting the 
category-plus-two-letters-stem recall gave enough cues the retrieve the 
target items from semantic memory. In such a case the explicit strength 
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manipulation in the study phase is not an effective way to discriminate 
between strong and weak items. Providing one letter on the other hand 
reduces the likelihood of using semantic knowledge and participants are 
more directed to the study phase to retrieve the correct item. In this way 
retaining the original item strength difference from the study phase 
would be more likely.  

4.5 Experiment 3 

4.5.1 Method 

Participants 

Forty-eight students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. All participants had Dutch as their mother tongue. The 
average age of the participants (12 male, 36 female) was 20,56 years 
(range 17-31 years). All had normal or corrected-to-normal vision. None 
of the participants took part in the previous experiments. 

Design, materials and procedure 

The experimental design was identical to that of Experiment 2. 
The same stimulus material was used as in the previous experiments. 
The construction of the different phases was the same apart from the 
retrieval-practice phase where category-plus-one-letter-stem cued recall 
was used instead of category-plus-two-letters-stem recall. The procedure 
used in the experiment was identical to that of the previous experiments.  

4.5.2 Results and discussion 

Retrieval practice  

In the retrieval-practice phase the probability of correct 
completion of the strong exemplars (M= 78%) was significantly higher 
than that of the weak exemplars (M=61%), F(1,24)=28.93, p<.001. 
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Consequently the initial strength manipulation of the target items in the 
study phase was still present after the retrieval practice.  

Final memory test 

Similarly to the previous experiment the recall rates were 
computed for all Rp and Nrp exemplars. The same abbreviations were 
used as in Experiment 2. Table 2 shows the recall rates for the different 
item types. 

Again we first examined the practice effects for the Rp+ items. 
The main effect of item type was significant, F(1,24)=12.89, p=.001, the 
Rp+ items were better recalled (M = 69%) than the Nrp+ items (M = 
58%). Similarly to Experiment 1, the retrieval practice led to improved 
recall for the Rp+ items. The main effect of the strength was also 
significant, F(1,24)=32.64, p<.001, the recall of the twice presented 
items was higher (M=72%) than the once presented items (M=55%). 
There was no interaction between item type and strength, F(1,24)<1. 
Again both Rp+ and Nrp items benefited from repeated presentation in 
the study phase to the same degree. 

Secondly, we examined the effect of target item strength on the 
Rp- items. The main effect of item type was not significant, 
F(1,24)=1.64, p=.21. We did not find retrieval-induced forgetting: the 
recall of the Rp-items (M=42%) was similar to that of the Nrp items 
(M=46%). Similarly to Experiment 2 there was a main effect for 
strength, F(1,24)=11.74, p=.002, and there was no interaction between 
item type and strength, F(1,24)<1. Both Rp- and Nrp items were 
impaired to the same degree (M=-8% decrease) when other category 
members were presented repeatedly in the study phase. 
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In summary, retrieval-practice improved the recall of the 

practiced items, but again it did not impair the recall of the non-
practiced items as in Experiment 2. In both experiments, the increased 
strength of particular exemplars in a category did lead to decreased 
recall of the non-strengthened exemplars of the same category, 
suggesting that item strength and not its retrieval causes impairment of 
the non-strengthened exemplars.  

Finally, we would like to mention here the methodological 
problem of the retrieval practice paradigm, which is the difficulty in 
strengthening the target items to different degrees. This concern we will 
discuss in the next section. 

4.6 General discussion 

The strength-independence property of the inhibitory account 
predicts that impairment of the related non-target item is not influenced 
by the strength of the target item, but by its retrieval. Although the 
experimental results of M. C. Anderson et al.(1994, 2000) and Bäuml 
(1996, 1997, 1998) seem to support this assumption, a closer look at 
these studies reveals discrepancies in the interpretation in both theory 
and data. The aim of our study was to further examine the influence of 
the target item strength using the retrieval practice paradigm. In the 
present experiments, we strengthened the target items by repeated 
presentation during the study phase. This way of manipulation increased 

 Item Type 

Item Strength Rp+ Rp- Nrp(+) Nrp(-) 

1x .59 .46 .50 .50 

2x .78 .39 .65 .41 

Table 2.Mean percentage recall as a function of item type and item strength 
in Experiment 3 
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target item strength without active retrieval, and thus was appropriate to 
separate the effects of retrieval practice from the effect of strengthening.  

In general, in all three experiments, we found improved recall 
for target items compared with the baseline, demonstrating retrieval 
practice effects. Furthermore target item recall was influenced by the 
number of presentations during the study phase, recall of the twice-
presented items was better than the once presented items, however, this 
difference was reduced in Experiment 1 and 2 by the retrieval practice 
of these items. The improved recall was also present for the repeatedly 
presented baseline items. In summary, explicit item strength 
manipulation during the study phase was adequate for Experiment 1 and 
Experiment 3. 

Substantial retrieval-induced forgetting effects were, however, 
only found in Experiment 1 when the Rp+ items were strong. In all 
other cases the impairment of the Rp- items compared with the Nrp 
items was relatively small. Nevertheless, in general, the strengthening of 
half of the members of a category influenced the recall of the non-
strengthened exemplars. In particular, the recall of the Rp- items 
decreased with increasing strength of the Rp+ items. According to this 
result, the strength of the practiced items influences the amount of 
impairment of the Rp- items. The observed strength effects cannot be 
explained by active retrieval processes that might lead to greater 
inhibition when the target item was strong for two main reasons. First, 
target item strength was already manipulated during the study phase by 
double presentation of these items, in which case no activation and 
inhibition of related items are expected. Second, a similar pattern is 
found for the Nrp items which did not receive any practice during the 
retrieval-practice phase. In summary, the present experiments 
demonstrate that target item strength by itself influences the recall of 
related non-target items, and thus provides evidence against the 
strength-independence property of the inhibitory account.  
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One might argue that our study does not provide strong 
evidence against strength-independence because the basic retrieval-
induced forgetting effect was rather small and not significant. The lack 
of retrieval-induced forgetting, however, was not unexpected given the 
results of previous experiments. Retrieval-induced forgetting is a rather 
small effect using category-plus-one-letter-stem cued recall. M. C. 
Anderson et al. (1994) found retrieval-induced forgetting only for strong 
category exemplars, weak items were not impaired in some cases but 
rather facilitated. Also in our previous study (Jakab & Raaijmakers, 
2009) the basic retrieval-induced forgetting effect in general was small 
when we counterbalanced for within category serial position effects. In 
Experiment 3, retrieval-induced forgetting even disappears when Rp+ 
items are strong. Note, however, that the recall of the baseline items is 
also influenced by the strength of its competitors: increasing the 
strength of half of the items within a category led to decreased recall of 
the other half of the category. Since retrieval-induced forgetting effect is 
measured by comparing Rp- items with the baseline, and the Nrp items 
that corresponded to the strong Rp- items were also impaired by their 
strengthened pairs, the decreased recall for the Rp- items in the strong 
condition could not be detected. However, the recall of the Rp- items 
decreases with increasing target item strength, which rather points to 
strength dependent competition. Moreover a similar pattern is present 
for the baseline items, where strengthened items are never actively 
recalled. Hence, this demonstrates that strengthening by itself does 
influence the recall of related but non-strengthened items. 

The strength independence property of the inhibition theory 
proposes that the strength of the Rp+ items plays no role in retrieval-
induced forgetting. Only the item strength of the Rp- items influences 
this phenomenon. It is not the practiced item that causes impairment by 
blocking non-target items in the test phase, but it is the result of control 
processes during the retrieval-practice phase to prevent intrusions of 
distracters. Consequently, the amount of interference caused by the non-
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target items modulates the degree of impairment. The present finding, 
however, is inconsistent with this assumption. In terms of inhibition, the 
amount of interference in both the strong and weak conditions should 
have been the same since the strength of the non-practiced item did not 
change. And because retrieval-induced forgetting is independent of the 
strength of the practiced item as the strength-independent property 
states, the same amount of impairment should have been found in both 
conditions. On the contrary, however, we found more impairment when 
practiced items were strong than when these were weak showing that 
the strength of the target items does modulate the degree of retrieval-
induced forgetting. 

The strength-independence property, however, could be also 
problematic if we strictly focus on the role of inhibition in the forgetting 
process as formulated by M.C. Anderson (e.g. 2003). The role of 
inhibition is to prevent the non-target items from interfering with the 
retrieval of the target item; therefore the amount of interference caused 
by the competitor should be related to how strong the target item is. For 
instance when the target item is weak, interference caused by a strong 
competitor should be relatively stronger than when the target item is 
strong. Consequently the amount of inhibition should also be greater for 
the combination weak target and strong competitor than for strong target 
and strong competitor. In summary, the relative strength of the Rp- 
items should influence the degree of inhibition and not their absolute 
strength. Since the relative strength of the non-target item is dependent 
on the strength of the target item, it appears that target-item-strength 
should play a role in an inhibition-based theory. However, even in terms 
of relative strength, the pattern found in the present experiment still 
contrasts with the expectation of an inhibition based model, since it 
would predict larger impairment when the target is weak than when it is 
strong, and that is the opposite of what we found. 

Finally, we would like to mention the difficulty in varying 
target item strength in the retrieval practice paradigm. The strength of 
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the target item could be varied in two different ways: either by pre-
existing strength differences between items, i.e. using items with 
different taxonomic frequencies, or by item strength manipulation 
during the experiment, i.e. varying the number or duration of the 
presentations of the target items. The latter manipulation could be 
induced in two different phases: during the study or during the retrieval 
practice. Varying target item strength in the retrieval-practice phase is 
problematic, because it would not differentiate between the two 
theories, since both strength-based models and the inhibition theory 
expect increasing impairment with increasing number of retrieval 
attempts.6 Hence, the only place where it makes sense to vary the target 
item strength is the study phase. However, item strength manipulation in 
the study phase could be eliminated by the retrieval-practice phase 
given that weaker items might benefit more from practice than the 
stronger items. Our first and second experiments are good examples of 
this problem. A solution where the retrieval-practice phase is made 
more difficult might lead to less effective practice and thus less 
interference in the test phase. Experiment 3 demonstrates this concern. 
In summary, the retrieval practice paradigm might be able to separate 
study from practice, but it also causes difficulties to vary the target item 
strength in such a way that the different theories can be compared. 

In summary, the present experiments indicate that the strength 
of the practiced items cannot be ignored in retrieval-induced forgetting. 
A stronger practiced item indeed impairs the corresponding unpracticed 
item to a greater degree compared with a weaker practiced item. 
Consequently retrieval-induced forgetting is rather a strength dependent 
process: Its size is influenced by the strength of the practiced item. 

                                                      
6 The only possibility to vary target item strength in the retrieval-practice phase 
is if it is non-competitive (Anderson et al. 2000). Since inhibition theory does 
not predict any impairment in such a condition while the strength-based theory 
does, the different theoretical approaches can be compared. 
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4.7 Conclusion 

The present study investigated the role of target item strength in 
retrieval-induced forgetting. The pattern of results contrasts with the 
expectations based on the strength-independence property of the 
inhibitory account. It points to the importance of the strength of the 
practiced item, suggesting that retrieval-induced forgetting is a strength-
dependent process.  




