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5 Retrieval-induced forgetting without 
competition: Testing the retrieval-specificity 

assumption of the inhibition theory 

 
Abstract 

 
According to the retrieval-specificity assumption of the inhibition 

theory (M. C. Anderson, Bjork & Bjork, 2000) retrieval-induced forgetting 
occurs only when competition takes place between target and non-target items 
during target item practice, since only in such a case inhibition of the irrelevant 
items is necessary. Pure strengthening of the target item without active retrieval 
does not lead to such impairment. In three experiments we investigated this 
assumption by using non-competitive retrieval during the practice phase. We 
strengthened the cue-target item association during practice by recall of the 
category name instead of the target item, and thus eliminated competition 
between the different item types. In contrast to the expectations of the 
inhibition theory retrieval-induced forgetting occurred without competition, and 
thus the present study rejects the retrieval-specificity assumption.  
 
 
 

5.1 Introduction 

Retrieval-induced forgetting refers to the finding that practicing 
particular information decreases the recall of other non-practiced 
information related to the same cue (M. C. Anderson, Bjork & Bjork, 
1994). The retrieval-practice paradigm was developed by M. C. 
Anderson et al. to demonstrate this phenomenon. The paradigm consists 
of three phases: In the first, study phase, participants are provided with a 
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list of category-item pairs. In the following retrieval-practice phase, half 
of the items from half of the categories are practiced by the category 
name and the initial letters of an item. After a distracter task for about 
20 minutes, all items from all categories were tested using a category 
plus initial letter cue in the test phase. The practiced items from the 
practiced categories (Rp+ items) are better recalled than the non-
practiced items from the non-practiced categories (Nrp items) 
demonstrating the positive effects of the retrieval-practice. The recall of 
the non-practiced items from the practiced categories (Rp- items), on the 
other hand is lower than that of the non-practiced items from the 
practiced categories (Nrp). The lower recall of the Rp- items compared 
with the Nrp items is explained by the retrieval-practice of the Rp+ item 
that causes impairment on the non-practiced Rp- exemplars. 

M. C. Anderson et al. (1994) explained retrieval-induced 
forgetting in terms of inhibition. According to their reasoning during 
retrieval-practice all items from the practiced categories are activated 
and compete for recall. In order to overcome the competition of the 
inappropriate items, an inhibitory control mechanism reduces the 
activation of these irrelevant items. Since this inhibition is relatively 
long lasting, a later recall of these suppressed items is impaired.  

Retrieval-induced forgetting however can be also explained by 
strength-based models (J. R. Anderson, 1983a, 1983b; Mensink & 
Raaijmakers, 1988; Raaijmakers & Shiffrin, 1981). Strength based 
models explain retrieval-induced forgetting in terms of association 
strength between cue and item. When the target items are practiced 
during the retrieval phase, the association between the cue and the target 
item is strengthened. In the test phase, where all items have to be 
recalled, the strengthened items block the recall of the relatively weaker 
non-practiced items, leading to impaired recall of the latter.  

In general, the impaired recall of the non-practiced items can be 
explained by both inhibition during the retrieval phase and blocking 
during the test phase. Although both theories provide an appropriate 
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explanation for the basic finding certain results are inconsistent with an 
explanation in terms of blocking, and can only be explained by specific 
assumptions of the inhibition theory.  

One of these assumptions is the so-called retrieval-specificity 
assumption. According to this hypothesis retrieval-induced forgetting 
only occurs when the target item is actively recalled during retrieval-
practice. Active search for the target item triggers all to the cue related 
items and requires the inhibition of the irrelevant exemplars in order to 
restrict recall to the correct target item. If the target item is already given 
during the retrieval-practice, no such activation and competition of non-
target items occurs, and thus no inhibition of these non-practiced items 
is necessary. 

M. C. Anderson, Bjork and Bjork (2000) tested the retrieval-
specificity assumption using a modified version of the retrieval-practice 
paradigm. In the retrieval-practice phase participants had to recall either 
the target item (competitive condition) or the category to which the 
target item belonged (non-competitive condition). Although in both 
cases the target items were strengthened to the same extent, only the 
competitive condition led to impairment of the non-practiced items. 
Hence, this demonstrates that pure strengthening of the target items does 
not lead to impaired recall, only active retrieval of the non-target items 
that activates the inhibitory control mechanism leads to impairment. The 
observed pattern cannot be easily explained in terms of blocking. Since 
the target items were strengthened to similar degrees, the interference 
and hence the blocking should have been similar in the two conditions. 

Additional studies testing the retrieval-specificity assumption 
provided further support for hypothesis (e.g. Shivde & M. C. Anderson, 
2001; M. C. Anderson & Bell, 2001; Ciranni & Shimamura; 1999).  In 
the following paragraphs we will describe the most important findings. 

Shivde and M. C. Anderson (2001) presented participants with 
word triplets, in which two of the items were homographs, and the third 
item was used as cue. Participants practiced the cue with the subordinate 
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meaning of the homograph, by using active recall or restudy. The 
number of retrieval attempts was also varied: participants practiced the 
target item: 1, 5 or 20 times. After the practice of the subordinate 
meaning, the dominant meaning of the homograph had to be recalled. 
Although, in the first experiment, the recall of the non-practiced items 
decreased with increasing number of practice trials in both active recall 
and restudy conditions, in the second experiment, by using independent 
cues, retrieval-induced forgetting was restricted to the active recall 
condition. Hence, Shivde and M. C. Anderson concluded that the 
second experiment provided clear evidence for the retrieval-specificity 
assumption.  

M. C. Anderson and Bell (2001) found a similar pattern using 
experimentally learned facts. Participants learned and practiced 
propositional sentences such as “The actor is looking at the violin.”  The 
non-practiced sentences were related either by a shared topic (e.g. The 
actor is looking at the tulip.) or by a shared object (e. g. The teacher is 
lifting the violin.). They found retrieval-induced forgetting for both 
shared topic and shared object sentences when the practiced sentence 
was actively recalled during the retrieval phase. However they found no 
retrieval-induced forgetting for the shared topic sentences when the 
target sentence was practiced by extra exposure. In summary, M. C. 
Anderson and Bell concluded that retrieval-specificity could be 
extended to experimentally learned facts.  

Similarly to M. C. Anderson and Bell (2001), Ciranni and 
Shimamura (1999) also used episodically learned associations to test 
retrieval-specificity. Participants were provided with different shapes 
grouped by their colors. After learning the association between color 
and shape at a particular location, half of the objects were practiced. In 
the active retrieval condition the shape of the object had to be recalled 
given the color and the location condition, in the restudy condition the 
object was presented with its color and shape. The later recall of the 
non-practiced objects was only impaired in the active retrieval 
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condition, but not in the restudy condition. Ciranni and Shimamura 
concluded that without active recall retrieval-induced forgetting does 
not appear, and thus the strengthening of the target item by itself is not 
the cause of this phenomenon.  

In summary, the above-mentioned studies seem to provide 
strong evidence that strengthening of the target information is not the 
main cause of retrieval-induced forgetting, rather it is the active retrieval 
process that causes inhibition and in turn impairment of the non-target 
items. This assumption was supported both by semantic tasks (M. C. 
Anderson et al. 2000; Shivde & M. C. Anderson, 2001), and episodic 
tasks (M. C. Anderson & Bell, 2001; Ciranni & Shimamura, 1999). 

Consequently, retrieval-specificity appears to be a well-
supported assumption. Detailed examination of the experiments 
investigating this property, however, raises the question whether the 
observed data pattern really provide clear evidence for the assumption. 
In the next paragraphs we will discuss the main concerns regarding of 
these studies.  

Our first concern relates to the similarity of the recall rates of 
the various target item types in the experiment of M. C. Anderson et al. 
(2000). In both competitive and non-competitive condition, the recall 
rate of the target item was similar in the test phase (M=82% for the 
competitive and M=80% for the non-competitive condition). Although 
this similarity is important to exclude strength-based models as a 
possible explanation, the almost equal recall rates using different 
practice procedures are inconsistent with the expectations based on 
other memory phenomena, such as the transfer appropriate processing 
or the generation effect. Firstly, according to the transfer appropriate 
processing (e.g. Morris, Bransford & Franks, 1977) the greater the 
similarity between encoding and retrieval the better the retrieval 
performance. In M. C. Anderson et al. experiment in the competitive 
condition, the cue that was given in the test phase (e.g. FRUIT – a___) 
was highly similar with the practice cue in the competitive condition 
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(e.g. FRUIT – ap____), but less similar to the cue in the non-
competitive condition (e.g. FR____-apple). Consequently according to 
transfer appropriate processing, better recall performance was expected 
for the practiced items in the competitive than in the non-competitive 
condition.  Secondly, according to the generation effect, active recall of 
a target item in general leads to better recall than simple restudy (e. g. 
Slamecka & Graf, 1978). Hence the recall rate in the competitive 
condition should have been higher compared with the non-competitive 
condition, because in the earlier active recall of the target items is 
required while in the latter the target item is provided. In summary, 
according to both the transfer appropriate processing hypothesis and the 
generation effect the recall performance in the competitive condition 
should have been greater than in the non-competitive condition. Hence, 
the similarity in recall rates in the two conditions is somewhat surprising 
in view of these previous findings. 

Examination of the practice phase might provide an explanation 
for this similarity. In the competitive condition the recall rate in the 
retrieval phase is M=82.9%, which might indicate that 17% of the target 
items were actually not practiced during the practice phase (no feedback 
was given), and thus will not be remembered in the test phase leading to 
lower recall rates. Since we did not have access to the data of M. C. 
Anderson et al. (2000), we examined this possibility in some of our 
experiments using the same paradigm with similar set up.7 The 
examination of our data revealed that target items that are not retrieved 
and hence not practiced during the retrieval phase are indeed not 
recalled in the test phase. If similar patterns were present in the 
experiment of M. C. Anderson et al., than the relatively low recall rates 
in the competitive condition might be due to a lack of practice for some 
of the items while the other items are at ceiling (a 100% recall rate). 
Hence, the greater interference caused by the target item in the 
competitive condition (due to higher strength) might not be visible in 

                                                      
7 We used the data from the experiments in Jakab and Raaijmakers (2009)  
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the amount of recall. On the other hand the decrease in recall of the 
target items is rather high in the non-competitive condition: M=99.3% 
in the retrieval phase and M=80% in the test phase. This decline 
between practice and test might indicate that the cue-target item 
associations are in this case not strengthened enough to cause 
measurable retrieval-induced forgetting effect. In summary, the cue-
target item association might be more effectively strengthened in the 
competitive than in the non-competitive condition, but the procedure 
used during the practice phase may still have lead to similar recall rates 
for both conditions in the test phase.  

Note here that in general in the retrieval-practice paradigm 
participants are not provided by the correct answer during the retrieval-
practice phase, still all the Rp+ items are treated as practiced items. We 
question whether this method is appropriate and think that a case might 
be made for giving feedback during retrieval-practice.  

Our second concern relates to the data pattern and its 
interpretation in the study of Shivde and M. C. Anderson (2001). They 
found decreased recall for the competitors as a function of the number 
of retrievals in both competitive and non-competitive conditions in their 
first experiment. They explained this pattern, which did not fit their 
expectation, by claiming that in the restudy condition during the final 
test of the non-practiced dominant meaning the practiced subordinate 
meaning might be covertly retrieved first and this retrieval may in turn 
have caused impairment of the dominant meaning. However, such a 
process, if it indeed exists, should be the same for both conditions, and 
thus the recall rates in the competitive condition should also have been 
affected by the same mechanism. In their second experiment, using 
independent cues, they only found decreased recall for the competitors 
in the competitive condition, a result that is consistent with the retrieval-
specificity assumption. However, we should note that even recalling the 
target items 20 times led to only slightly lower recall rates of the non-
practiced items in comparison to the baseline. In fact, recalling the 
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target item once, led to better recall for the non-practiced items. Shivde 
& M. C. Anderson argued that this improvement logically fits the 
inhibition theory. However if retrieval-induced forgetting is indeed 
caused by inhibition then the largest inhibition should take place during 
the first practice, because that is when the competition of the non-target 
item is the greatest. In the further practices the non-target item is already 
inhibited, therefore should compete less with the target item. 

Out last concern is related to the study of M. C. Anderson and 
Bell (2001). In general they did find retrieval-induced forgetting in the 
extra exposure condition. Retrieval-induced forgetting was only 
eliminated when covert retrieval during practice was taken into account. 
According to M.C. Anderson and Bell when participants covertly recall 
the other to-be practiced items during the extra exposure of a particular 
item, it changes the extra-exposure procedure to active retrieval: The 
covert recall of the other to be practiced items might lead to competition 
and inhibition of the non-practiced items, and thus to retrieval-induced 
forgetting in the extra exposure condition. Apart from this explanation 
being counterintuitive; it should apply equally other experiments testing 
retrieval-specificity. Moreover it would suggest that the procedure to 
test retrieval-specificity is not really adequate, since both restudy and 
active retrieval lead to the same pattern of data.  

In summary, detailed examination of some of the experiments 
and their explanations reveals that the observed data pattern does not 
entirely fit the predictions based on the retrieval-specificity assumption. 
However as our arguments are based more on reasoning than on 
empirical evidence, it cannot be considered sufficient evidence against 
the retrieval-specificity assumption. Hence, the aim of our study was to 
further investigate retrieval-specificity by using a variation of the 
retrieval-practice paradigm. 
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5.2 Present study 

The present study investigates whether strengthening of the 
target item without active retrieval would demonstrate retrieval-induced 
forgetting. In three successive experiments, we used a modified version 
of the retrieval-practice paradigm: We provided the target item in the 
retrieval phase, and participants had to recall the category to which the 
target item belonged. In our version of the paradigm, we attempted to 
replicate the non-competitive condition of M. C. Anderson et al. (2000), 
but we also made further changes to optimize the manipulation. We 
assumed that the original non-competitive condition in the experiment 
of M. C. Anderson et al. was rather easy: Participants might pay less 
attention to the task and this might reduce the learning of the cue-target 
association. In order to make the task more challenging we grouped the 
items in terms of properties (e.g. ROUND – button) rather than semantic 
categories, and we selected low frequent items from the different 
categories. Since the task with these changes becomes rather difficult, 
we presented the study list twice. In the retrieval-practice phase we also 
provided feedback after each trial to make sure that practice of the target 
items was effective.  

According to the inhibition theory when target items are 
strengthened without activation and competition of the non-target items, 
no inhibition is necessary and in turn retrieval-induced forgetting should 
be eliminated. Consequently in the present experiment no retrieval-
induced forgetting is expected from an inhibitory view. On the other 
hand the strength-based models still predict impairment for the non-
practiced items since the cue-target associations are strengthened. If 
retrieval-induced forgetting is caused by the interference of the 
strengthened target items during the test phase as the strength-based 
models claim, then retrieval-induced forgetting should still occur.  

One might argue that certain alterations that we made in the 
present experiment affect the amount of retrieval-induced forgetting. 
For instance, low frequency items might not compete during retrieval of 
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the target item (M. C. Anderson, Bjork & Bjork, 1994); or double 
presentation of the study list might lead to integration of the items (e.g. 
M. C. Anderson & McCulloch, 1999). Note however that both low 
frequency and integration eliminate or reduce retrieval-induced 
forgetting, and in the present experiment according to the inhibition 
account no retrieval-induced forgetting would occur anyway. Therefore 
such alterations in the task should not affect the predictions of the 
inhibition theory, which we aim to test in the present study. 

5.3 Experiment 1 

5.3.1 Method 

Participants 

Thirty-six students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. The average age of the participants (13 male and 23 female) 
was 23 years (range 18-49). All participants were native Dutch 
speakers.  

Design 

The retrieval-practice status was manipulated within subjects 
and had three levels. Half of the items from half of the categories were 
practiced (Rp+ items); the other half were not practiced (Rp- items). 
The rest of the items from the non-practiced categories (Nrp items) 
served as baseline to measure retrieval-practice and retrieval-induced 
forgetting. The counterbalancing of the items in the different conditions 
resulted in 12 lists that were used as between-subjects variable in the 
analyses. 
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Materials 

 Stimulus selection 

Ten categories from the Camp, Jakab and Raaijmakers (2010) 
category norms were selected. Eight categories (wood, cold, loud, 
round, red, sharp, white, soft) were used as experimental categories and 
two categories (fly, swim) as fillers. The categories grouped the items in 
terms of features and were unrelated to each other. The category names 
were unambiguous, one word long and with a length between 3 and 6 
letters. 

Six items were chosen from each of the ten categories. The 
items that were selected belonged to only one of the categories. For 
instance “snow” would not be used because it could be part of the 
category “white”, but also part of the category “soft”. The items were 
low frequency words with M= 78.71 (median 77) average taxonomic 
frequency. Items were chosen with a length between 3 and 8 letters, and 
between 1 and 3 syllables. No two items within a category began with 
the same initial letter. 

 Study lists 

In the study list 48 experimental and 12 filler category-item 
pairs were presented. Similarly to previous experiments (e.g. M. C. 
Anderson et. al. 1994) six blocks were created. Each block consisted of 
one item from each of the eight categories. As in the Jakab and 
Raaijmakers (2009) experiment the Rp+ and Rp- items were presented 
in an alternating order, half of the practiced categories began with an 
Rp- and the other half with an Rp+ item. Within the block the items 
were randomly selected. The study list began and finished with three 
filler items. The rest of the filler items were presented within two 
experimental blocks. The study lists were presented twice resulting in 
120 items on each list. 
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 Retrieval-practice lists 

In order to eliminate competition between the items within a 
category, the category-target item association was practiced by 
retrieving the category name given the target item. In the retrieval phase 
3 items from each of the 4 experimental categories and 3 items from 
each of the 2 filler categories were practiced. Each category item pair 
was practiced three times resulting in 54 exemplars per list. Items were 
presented in an expanding schedule following the procedure of M. C. 
Anderson et al. (1994). There were 3.7 items presented between the first 
and the second presentation, and 6.7 items between the second and the 
third presentation. No two category members were presented adjacently.  

 Test lists 

In the test list a category name and the initial letter of the tested 
item was provided. Each test list began with a filler category followed 
by the eight experimental categories. Practiced and non-practiced 
categories were tested in an alternating order. Half of the test lists began 
with a practiced category and the other half with a non-practiced 
category. Within a list the practiced category began with the practiced, 
Rp+ item in half of the categories, the other half of the categories began 
with the non-practiced, Rp- item. In total 54 category-item pairs were 
tested.  

Procedure 

Participants were individually tested on a Pentium G3 
computer. E-Prime (Schneider, Eschman & Zuccolotto 2002) was used 
to run the experiment. 

The procedure followed the retrieval-practice paradigm 
developed by M. C. Anderson et al. (1994). The experiment consisted of 
four phases: the study phase, the retrieval-practice phase, a distracter 
phase and the test phase. Participants were seated in front of the 
computer and informed that they were taking part in a memory 
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experiment. The further instructions were displayed on the computer 
screen. In the study phase, participants were instructed to learn the 
category-item pairs that appeared on the screen. The study trial started 
with a fixation point in the middle of the screen for 1000 ms followed 
by a blank screen for 500 ms, then the category item pair was presented 
for 5 s, followed by a blank screen for 500 ms, and the next trial was 
presented. In the retrieval-practice phase, participants were provided 
with the item and were instructed to type the category name plus the 
item. The retrieval-practice trial also started with a fixation point for 
1000 ms in the middle of the computer screen followed by a blank 
screen for 500 ms After the blank screen the target item was provided 
with an empty square underneath for 10 s, participants were instructed 
to type in the category plus the item they learned in the study phase and 
press enter. By pressing the enter button the correct answer was 
presented for 2 s, followed by a blank screen for 500 ms and the next 
trial began. Between the retrieval-practice and the test phase an 
unrelated visual task was presented for 20 minutes. In the test phase 
participants were instructed to complete the item given the category plus 
initial letter cue. After a fixation point for 1000 ms, followed by a blank 
screen for 500 ms, a category name and the initial letter of an item was 
presented and participants had to complete the cue with an item they 
learned in the study phase. After the task, participants filled in an exit 
interview. The task took about 50 minutes.   

5.3.2 Results and discussion 

Retrieval-practice phase 

In the retrieval-practice phase the category names were 
correctly recalled in 98.5 % of the cases. This retrieval rate is similar 
that of the non-competitive condition in the M. C. Anderson et. al. 
(2000) experiment (M=99.3%). 
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Test phase 

The recall rates were calculated for the three item types, Rp+, 
Rp- and Nrp items. Figure 1 shows the recall rates for the different item 
types. A repeated measures analysis of variance (ANOVA) was used, in 
which item type served as within subject factor and list as between-
subjects factor. The alpha level of .05 was used for all statistical tests. 

The main effect of item type was significant, F(2,48)=56.74, 
p<.001. A planned comparison revealed that Rp+ items were 
significantly better recalled (M=64%) compared with Nrp items 
(M=44%), F(1,22)=68.16, p<.001. Hence our retrieval-practice was 
effective and improved the retrieval of the Rp+ items in the test phase. 
More importantly, the recall of the Rp- items was significantly lower 
(M=38%) than that of the baseline items (M=44%), F(1,22)=7.29, 
p=.013. Thus this demonstrates impairment for non-practiced items in a 
non-competitive condition.  

 

 

0

10

20

30

40

50

60

70

80

90

100

re
ca

ll
 (

%
)

item type

Rp+
Rp-
Nrp

Figure 1. Mean recall percentages for the different item types in 
Experiment 1. 
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In summary, using a non-competitive retrieval task leads to 
strengthening of the practiced items, and also leads to impairment of the 
non-practiced items. This result is contrary to the expectations based on 
the retrieval-specificity assumption of the inhibitory view that would not 
predict impairment in a non-competitive condition. Since presenting the 
target item eliminates competition from other non-target items, no 
inhibition should be necessary. On the other hand, this result is 
consistent with the expectation form the strength-based models that 
predict that strengthening of the practiced item leads to interference and 
blocking during the test phase. 

5.4 Experiment 2 

Our first experiment provided evidence that retrieval-induced 
forgetting also occurs without competition, and that strengthening of the 
target item is enough to cause such impairment. The aim of our second 
experiment was to investigate whether different levels of strengthening 
of the target item affect the amount of impairment. More precisely we 
examined whether increased target item strength increased the 
impairment found for the non-target items.  

The study conducted by Shivde and M. C. Anderson (2001) 
already investigated a similar question. However our concerns about the 
interpretation of those data justify a new experiment.  

Another study by M. C. Anderson et al. (1994) demonstrated 
that target item strength does not influence the amount of impairment in 
retrieval-induced forgetting.  They manipulated item strength by using 
low and high frequency items. Both practiced and non-practiced items 
served as strong or weak items.  They found that the amount of 
impairment was only influenced by the strength of the non-target items 
and the strength of the target items did not affect the amount of 
impairment. This result supported the inhibitory view that predicts 
greater competition from the strong non-target items leading to more 
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impairment, and again rejecting the influence of target item strength on 
this process. 8 

On the other hand Jakab and Raaijmakers (2010) found 
increased retrieval-induced forgetting by increasing target item strength. 
In a series of experiments they manipulated target item strength by the 
number of presentations in the study phase. Once presented target items 
served as weak items and twice presented target items served as strong 
items, the strength of the non-practiced items was not manipulated. The 
recall of the non-practiced items was lower when the target items were 
strong, than when these items were weak, demonstrating that target item 
strength influences the amount of impairment, and thus supporting the 
strength-based models. 

In summary, studies on the effect of target item strength on 
retrieval-induced forgetting have yielded conflicting results, providing 
evidence for both inhibition and strength-based models.  

Similarly to the Jakab and Raaijmakers (2010) experiment we 
manipulated target item strength by varying the number of presentations 
of the target item. In the present experiment, however, we varied the 
strength in the retrieval phase: the weak Rp+ items were practiced once, 
the strong Rp+ items were practiced four times. The strength of the Rp- 
items did not vary in the two conditions. Therefore any differences in 
their recall would suggest an effect of target item strength. Since we 
used non-competitive strengthening, the variation in the amount of 
retrieval-practice should only influence the recall of the non-practiced 
items under a blocking hypothesis. The inhibition hypothesis does not 
predict impairment during non-competitive retrieval, hence no 
impairment should be found in both the strong and weak conditions. In 
summary, the aim of the present experiment was to replicate the 
retrieval-induced forgetting effect found with the non-competitive 

                                                      
8 For detailed counterarguments to the Anderson, Bjork and Bjork (1994) paper 
we refer to Jakab & Raaijmakers (2010b). 
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strengthening, and furthermore to investigate whether variation of target 
item strength affects the magnitude of the impairment for the Rp- items.   

5.4.1 Method 

Participants 

Forty-seven students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. The average age of the participants (10 male and 37 female) 
was 23.3 years (range 18-39). All participants were native Dutch 
speakers.  

Design 

Two factors were manipulated within subjects: the retrieval-
practice status and the number of practice trials. As in Experiment 1 the 
retrieval-practice status had three levels: Rp+ items, Rp- items and Nrp 
items. The number of practice had two levels: half of the Rp+ items 
were practiced once (Rp+ 1x), and the other half four times (Rp+ 4x). 
The counterbalancing of the items in the different conditions resulted in 
24 lists that were used as between-subjects factor in the analyses.   

Materials and procedure 

The same stimulus material was used as in Experiment 1. The 
study and test lists were identical to Experiment 1. The only change 
occurred in the retrieval phase. Half of the Rp+ items were practiced 
once, the other half of the items four times. The Rp+ 4x items were 
presented in an expanding schedule. Between the first and second 
presentation 2.2 items, between the second and the third presentation 4.8 
items and between the third and the fourth presentation 7.3 items were 
presented. In total 44 items were presented in the retrieval phase. The 
remaining aspects of the procedure were the same as in Experiment 1.  
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5.4.2 Results and discussion 

Retrieval-practice phase 

In the retrieval-practice phase the recall rate of the Rp+4x items 
(M=97.8%) was significantly higher than that of the Rp+1x items 
(M=91.4%), F(1,26)=9.72, p=.004. Hence the Rp+4x items were indeed 
learned better during the retrieval-practice phase, as was the aim of the 
variation of the number of practice trials.  

Test phase 

As in Experiment 1 the recall rates were calculated for the 
different item types: Rp+1x; Rp+4x; Rp-1x; Rp-4x and Nrp. Figure 2 
shows the recall rates for the different item types. A repeated measures 
ANOVA was used; in which item type and the number of practice trials 
served as within subject factors and List as between-subjects factor. 
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Figure 2. Mean recall percentages for the different item types as a function of 
the number of practice trials of the target items in Experiment 2. 
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The analyses for the practice and retrieval-induced forgetting 
effects were carried out separately. First, the effect of retrieval-practice 
was analyzed. The main effect of retrieval-practice was significant, 
F(2,52)=25.1, p<.001. A planned comparison revealed that both Rp+1x 
items (M=56%), F(1,26)=20.89, p<.001, and Rp+4x items (M=69%), 
F(1,26)=52.94, p<.001,were recalled better than the Nrp items 
(M=44%). Comparing the Rp+1x (56%) with the Rp+4x (69%) revealed 
a significant difference, F(1,26)=8.84, p=.006. The retrieval-practice for 
both Rp+1x and Rp+4x items was effective, furthermore the Rp+4x 
items benefited more from the practice than the Rp+1x items, and thus 
the manipulation of item strength was successful.  

The main effect for retrieval-induced forgetting was also 
significant, F (2,52) = 5.16, p=.009. Planned comparisons revealed that 
recall of Rp-1x items (M=33%) was significantly lower than that of the 
Nrp items (M=44%), F(1,26)=16.93, p<.001. The difference between 
the Rp-4x (M=38%) and Nrp (M=44%) showed a trend to significance, 
F(1,26)=3.75, p=.065. The comparison of the Rp-1x (33%) and Rp-4x 
(38%) items demonstrated no significant differences, F(1,26)=1.19. 
Similarly to Experiment 1 we found retrieval induced forgetting using 
non-competitive retrieval. However the effect of target item strength 
was in the opposite direction to the prediction of the strength-based 
models. The Rp-1x items were more impaired than the Rp-4x items, 
however this difference was small and not statistically significant.  

There is some evidence from the inhibitory account that 
practicing the target item leads to improved recall of the non-practiced 
items. M. C. Anderson and McCulloch (1999), and M. C. Anderson, 
Green and McCulloch (2000) demonstrated that integration of Rp+ and 
Rp- items during the study phase could eliminate retrieval-induced 
forgetting. When an association is made between the Rp+ and Rp- items 
during the study phase the practice of the Rp+ items leads to covert 
retrieval of the Rp- items, and in turn to better recall on a later test. Such 
integration between items within a category is of course a well-known 
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phenomenon that is not exclusive to the inhibition theory. Classical 
studies on clustering in free recall examined the effect of inter-item 
associations on adjacently studied items (e.g. Keppel, 1966; Spear, 
Ekstrand & Underwood, 1964; Wallace, 1970). According to the 
contiguity principle of Wallace (1970) items that are presented 
adjacently during the study are more likely to occur adjacently in the 
test. This contiguity effect is due to associative strengths that are 
influenced by previous contiguous experiences. In the study phase we 
presented the Rp+ and Rp- items in an alternating order, hence an 
association might have been formed between these adjacently presented 
items. During the practice of the Rp+ items in the retrieval-practice 
phase the Rp- items might be covertly recalled leading to a better recall. 
When the Rp+ items receive more practice as in the 4x condition, the 
Rp- items might also be covertly recalled more often, consequently 
leading to better recall for the Rp-4x items than for the Rp-1x items. In 
summary, integration between the practiced and non-practiced items 
might lead to better recall of the latter, and since in the 4x condition the 
target items are practiced to a greater degree, the integrated non-target 
items may have benefited more from this integration. 

Therefore the aim of Experiment 3 was to examine whether 
integration is a valid explanation for the counterintuitive pattern of 
retrieval-induced forgetting, at least according to the strength-based 
models. 

In the previous experiments, we presented the Rp- and Rp+ 
items in an alternating order, which could lead to integration of the 
practiced and non-practiced items. Jakab and Raaijmakers (2009) used a 
design in which the Rp- and Rp+ items within each category were 
grouped in order to minimize integration: Rp- (or Rp+) items were 
presented in the first three or in the second three positions of a category. 
If indeed items are integrated during the study phase and this integration 
is influenced by the input order then integration should now be greater 
between similar item types: Rp+ items should be more integrated with 
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adjacently presented Rp+ items and Rp- items with adjacently presented 
Rp- items. In turn Rp- items should benefit less from the practice of the 
Rp+ items, minimizing integration. Note that complete elimination of 
integration is not possible, because the Rp+ and Rp- items will be 
adjacent at the point where the switch is made.  

If indeed integration was the main cause of the reversed pattern 
and the grouping of the different item types minimizes this effect, then 
the same prediction could be tested as in Experiment 2. First, according 
to the strength-based models strengthening without competition should 
lead to retrieval-induced forgetting. Second, the number of practice 
trials during the retrieval phase should influence the amount of retrieval-
induced forgetting leading to greater impairment in the case of greater 
target item strength.  

5.5 Experiment 3 

5.5.1 Method 

Participants 

Forty-eight students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. The average age of the participants (12 male and 36 female) 
was 21 years (range 18-30). All participants were native Dutch 
speakers.  

Design, materials and procedure 

The design of the experiment was identical to that of 
Experiment 2. The same stimulus material was used as in the previous 
experiments. The retrieval and test list were identical to Experiment 2. 
The only change was made in the study phase: Within a category the 
items types were grouped. The Rp+ items were presented in the first 
three positions and the Rp- items in the second three positions of the 
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category or vice versa. The procedure of Experiment 3 was identical to 
the previous experiments.  

5.5.2 Results and discussion 

Retrieval-practice phase 

Similarly to Experiment 2 the recall rate of the Rp+4x items 
(M=96.5%) was significantly higher than that of the Rp+1x items 
(M=91%), F(1,27)=9.50, p=.005. Again the Rp+4x items were learned 
better during the retrieval-practice phase than the Rp+1x items.  

Test phase 

Similarly to the previous two experiments the recall rates were 
calculated for the different item types: Rp+1x; Rp+4x; Rp-1x; Rp-4x 
and Nrp. Figure 3 shows the recall rates for the different item types.  
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Figure 3. Mean recall percentages for the different item types as a function 
of the number of practice trials of the target items in 
Experiment 3. 
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First, the effect of retrieval-practice was analyzed. The main 
effect of retrieval-practice was significant, F(2,54)=57.94, p<.001. A 
planned comparison revealed that both Rp+1x items (M=58%), 
F(1,27)=67.19, p<.001, and Rp+4x items (M=65%), F(1,27)=137.92, 
p<.001,were better recalled than the Nrp items (M=37%). The 
difference between the Rp+1x (58%) and the Rp+4x (65%) was also 
significant, F(1,27)=6.56, p=.016. Similarly to Experiment 2 retrieval-
practice was successful, and the Rp+4x items benefited more from the 
practice than the Rp+1x items. Next, the impairment of the Rp- items 
was analyzed. The main effect for retrieval-induced forgetting was 
significant, F (2,54) = 4.14, p=.021. Furthermore the recall of Rp- 4x 
items (M=29%) was significantly lower than that of the Nrp items 
(M=37%), F(1,27)=10.94, p=.003. The difference between the Rp-1x 
(M=32%) and Nrp (M=37%) showed a trend to significance, 
F(1,27)=3.77, p=.063. The comparison of the Rp-1x (M=32%) and Rp-
4x (M=29%) items demonstrated no significant differences, F(1,27)<1.  

Similarly to the previous experiments retrieval-induced 
forgetting occurred with non-competitive retrieval-practice. The 
observed data pattern indicates that minimizing the integration between 
Rp+ and Rp- items does have an effect on the magnitude of the 
retrieval-induced forgetting effect. While the recall of Rp-4x items was 
statistically lower than that of the Nrp items, Rp-1x items showed only a 
trend to significance. This might suggest that greater strengthening of 
the target item leads to greater impairment. However, comparing the 
two Rp- items revealed rather minor differences in the recall rates. This 
minor difference is perhaps not surprising given that differences 
between the recall of the various target item types were also small.  In 
summary, drawing solid conclusions about the role of target item 
strength based on the present data would be preliminary. Further 
investigation is necessary in which differences in target item strength 
are greater in order to establish a clearer difference between strong and 
weak items.  
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5.6 General discussion 

The aim of the present study was to investigate whether 
strengthening the target items without active retrieval would result in 
retrieval-induced forgetting. According to the retrieval-specificity 
assumption of the inhibition theory as formulated by M. C. Anderson et 
al. (2000), impaired recall for the non-target items only occurs if active 
retrieval of the target items takes place.  

In three experiments, we did not find support for such a 
mechanism. Using non-competitive retrieval, impairment occurred for 
the non-practiced items. This suggests that retrieval-induced forgetting 
is not restricted to conditions in which active suppression of irrelevant 
items might occur. Hence the exclusive role of inhibition in causing the 
retrieval-induced forgetting effect is not supported.  

In Experiment 1, we used the most basic form of the retrieval-
practice paradigm. We altered the retrieval phase in such a way that 
competition between category members could not occur. We used a 
setup similar to that of M. C. Anderson et al. (2000) with a non-
competitive condition in which the target item was provided and the 
category name had to be recalled. In contrast to the findings of M. C. 
Anderson et al., impairment for the non-target items occurred: recall for 
the Rp- items was lower than that of the Nrp items.  

In Experiment 2, we varied the strength of the target item by 
varying the number of practices during the retrieval phase. Strong Rp+ 
items were practiced four times, while weak Rp+ items only once. 
Again in general we found retrieval-induced forgetting with non-
competitive retrieval providing support for the strength-based models. 
However the observed pattern in the various target strength conditions 
was opposite to what would be predicted by strength-based models. The 
Rp- items in the weak condition were more impaired than the Rp- items 
in the strong condition. This reversed effect might be explained by the 
integration between the Rp+ and Rp- items during the study phase. The 
Rp+ and Rp- items were presented in an alternating order within their 
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category, leading to a contiguity effect (Wallace, 1970). According to 
the contiguity phenomenon adjacently learned items are also recalled 
subsequently due to the contiguity that was formed during the study 
episode. If indeed contiguity appeared between the adjacently presented 
Rp+ and Rp- items then the more frequent practice of the Rp+4x items 
during the retrieval phase led to a greater number of covert retrievals of 
the Rp-4x items and in turn to higher recall rates in the test phase. This 
assumption was confirmed by the third experiment. 

In Experiment 3 we altered the design of Experiment 2 by 
grouping the Rp+ and Rp- items within their category in order to 
minimize the formation of associations between the two item types. 
Similarly to the previous two experiments retrieval-induced forgetting 
occurred without eliciting competition of the non-target items. 
Moreover the reverse effect in the various item type conditions 
disappeared. The recall rate for the Rp- items in the strong target 
condition was slightly lower than that of the weak target condition. 
However this difference was not robust enough to provide firm evidence 
for the influence of target item strength on the size of the retrieval-
induced forgetting effect. Closer examination of the recall of the various 
target item types revealed that the different degrees of strengthening did 
not lead to sufficient differences in target item strength leading to only 
small differences in the degree of impairment. 

Although the manipulation of target item strength should be 
further investigated, the most important finding of the present series of 
experiments was that non-competitive retrieval does lead to retrieval-
induced forgetting. This suggests that strengthening the association 
between cue and target is sufficient to cause impaired recall of the non-
strengthened items as the strength-based models predict.  Hence a 
control mechanism to inhibit irrelevant information during practice as 
suggested by the inhibition account is not necessary. 

The present result contrasts with the results found by M.C. 
Anderson et al. (2000) who obtained no effect of non-competitive 



Chapter 5 

154 
 

retrieval-practice. Since the two studies used a similar design, the 
discrepancy in the observed data pattern might seem surprising. In the 
following paragraphs we will explain the main differences between the 
two studies that might have led to these contradictory results.  

In our experiments, the non-competitive retrieval-practice was 
more difficult than in the M. C. Anderson et al. (2000) experiment for 
two main reasons:. First, the category-item associations that were used 
by M. C. Anderson et al. (2000) were rather strong compared with the 
stimulus set that was used in our experiment. Second, M. C. Anderson 
et al provided in addition to an item also the first two letters of the 
category; in our experiment we only provided the items. Both 
modifications of the original setup of M. C. Anderson et al. made our 
practice phase more difficult, but we assumed that these changes would 
lead to better learning of the stimulus material. In this way we obtained 
a stronger association between cue and practiced target, and thus 
possibly more interference during the test phase. 

In order to balance the difficulty caused by these changes in the 
task, we provided feedback during practice. In this way we ensured that 
Rp+ items were truly practiced during the retrieval phase. When no 
feedback is provided the Rp+ item might not be recalled during the 
practice, and thus no strengthening between cue and item takes place. 
Still these non-practiced items are treated as Rp+ items, although they 
do not interfere with the Rp- items, and thus do not cause impairment. 

In summary, it might be the case that Rp+ items in the 
experiment of M. C. Anderson et al. were not strengthened to a degree 
that is necessary to cause interference and thus impairment for the Rp- 
items. The strong decline in target item recall rates between retrieval 
and test phase supports such an assumption. 

5.7 Conclusion 

The aim of the present study was to investigate the retrieval-
specificity assumption of the inhibition theory. Retrieval-specificity is 
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an essential property of the inhibitory account, since it could 
differentiate between the two approaches that explain retrieval-induced 
forgetting: the inhibitory view and the strength-based accounts. Our 
study did not find any evidence that confirms the necessity of an 
inhibitory control process during the retrieval of the target items, and 
thus provides support for the assumption that strengthening without 
active retrieval is sufficient to cause retrieval-induced forgetting as 
strength-based models predict. 




