
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Rethinking inhibition theory: explaining forgetting without inhibition

Jakab, E.

Publication date
2010

Link to publication

Citation for published version (APA):
Jakab, E. (2010). Rethinking inhibition theory: explaining forgetting without inhibition. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/rethinking-inhibition-theory-explaining-forgetting-without-inhibition(c8374369-c54d-4122-b60c-68c91006b177).html


 

157 
 

 

6 Summary and discussion 

 
In the early nineties, a new theory of forgetting emerged: the 

inhibition theory (M. C. Anderson, Bjork & Bjork, 1994; M. C. 
Anderson, 2003). The inhibitory account challenged the classical 
strength-based models emphasizing that an inhibitory control 
mechanism is responsible for the retrieval failure. Since the appearance 
of the inhibition theory, a strong debate emerged dividing memory 
research on forgetting into studies supporting or rejecting the newly 
proposed mechanism. The present thesis investigated whether the 
inhibitory process put forward by M. C. Anderson and his colleagues is 
an appropriate explanation for the retrieval-induced forgetting 
phenomenon. M. C. Anderson (2003) proposed four properties of the 
retrieval-practice paradigm that uniquely support the inhibitory account 
and thus reject the strength-based explanation of the phenomenon. In the 
present thesis, we investigated three of these properties: the 
interference-dependence, the strength-independence and the retrieval-
specificity assumptions. Before we turn to the summary of our 
experiments we will give a description of each of these assumptions. 

6.1 Properties of retrieval-induced forgetting 

6.1.1 Interference-dependence 

According to the interference-dependence property, retrieval-
induced forgetting is influenced by the amount of interference that is 
caused by the non-target items during the retrieval-practice phase: The 
greater the original non-target item strength the greater the amount of 
impairment of these items in a later recall test. The inhibition theory 
argues that during the retrieval-practice phase the non-target items are 
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also activated by the given cue, and in turn, compete for recall. In order 
to overcome this competition this irrelevant information is inhibited. 
The amount of activation and thus competition depends on the strength 
of the non-target items: stronger items get more activated and compete 
more for recall, hence, they have to be inhibited to a greater degree. On 
the other hand, weak non-target items are less activated and do not 
compete with the target items, as such there is no need for inhibition of 
these items. In summary, retrieval induced forgetting is interference-
dependent, because it depends on the amount of interference the non-
target item causes during target item recall. The interference-
dependence property does not fit the predictions of the strength-based 
models, because these do not propose an active role of the non-target 
items in the forgetting process, rather they assume that the impairment 
depends on the amount of interference and blocking that is caused by 
the target item on the later test. The interference-dependence assumption 
of the inhibition theory was supported by several experiments (e.g. M. 
C. Anderson, Bjork & Bjork, 1994; Bäuml, 1998; Storm, Bjork & 
Bjork, 2007). However, not all studies found support for this assumption 
(e.g. Williams & Zacks, 2001; Major, Camp & MacLeod, 2008). In 
Chapter 2 and Chapter 3, we examined this assumption using different 
forms of manipulation of non-target item strength. 

6.1.2 Strength-independence 

According to the strength-independence property the amount of 
retrieval induced forgetting is not influenced by the strength of the 
target item. Inhibition is purely determined by the amount of 
competition caused by the non-target item, and thus the target item 
plays a passive role in this process. Neither the original target item 
strength nor the increase in strength due to retrieval practice is assumed 
to affect the amount of inhibition. In summary, retrieval induced 
forgetting is strength-independent, because it is independent of the 
strength of the target item. The strength-independence property opposes 
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the predictions of strength-based models that emphasize the role of 
target item strength in the amount of interference and blocking of the 
non-target items. There is, however, evidence that supports the 
inhibitory account, showing no effect of target item strength in retrieval 
induced forgetting (M. C. Anderson, Bjork & Bjork, 1994). 
Furthermore, the lack of an effect was extended to other paradigms such 
as retroactive interference, output interference and list-strength effects 
(Bäuml, 1996, 1997, 1998). In Chapter 4, we investigated this 
assumption, and also reexamined the validity of the previous findings. 

6.1.3 Retrieval-specificity 

According to the retrieval-specificity assumption retrieval 
induced forgetting only occurs if the target item is actively recalled 
during retrieval-practice. In the case of active retrieval the cue that is 
presented to retrieve the target item also activates the related but non-
target items, which leads to competition and thus inhibition of these 
irrelevant items. When the target item is already given and thus 
strengthening does not require active recall, for example during restudy 
or recall of the cue instead of the target, non-target items are not 
activated and thus no competition and inhibition takes place. Therefore 
retrieval induced forgetting is retrieval-specific, because it is restricted, 
and thus specific, to the cases in which the target item actively retrieved. 
The retrieval-specificity assumption does not fit the strength-based 
models, because they predict impairment by any form of strengthening 
of the target item. There are several experiments that provided evidence 
of retrieval-specificity in the inhibition literature (e. g. Cirrani & 
Shimamura, 1999; M. C. Anderson, Bjork & Bjork, 2000; M. C. 
Anderson & Bell, 2001; Shivde & M. C. Anderson, 2001). However, 
detailed examination of these results raises the question whether they 
truly support the property. In Chapter 5, we investigated the assumption 
of retrieval-specificity by using non-competitive retrieval during the 
practice phase. 
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In summary, these three properties are crucial to the inhibition 
explanation for the retrieval induced forgetting phenomenon. Therefore 
the experiments reported in this thesis focused on testing these 
assumptions. In the next paragraph we will summarize these 
experiments and the results obtained. 

6.2 Summary of main results 

In Chapter 2, and Chapter 3, we tested the interference-
dependence property of the inhibitory account. We manipulated the 
strength of the non-practiced items in different ways: by varying the 
position of the items within their category (Experiment 1 and 2 in 
Chapter 2); by the number of presentations during the study phase 
(Experiment 3 in Chapter 2); and by subliminal presentation of the non-
target item during target item recall (Experiment 1-4 in Chapter 3). 

In Experiment 1 in Chapter 2 we manipulated the strength of the 
non-practiced items by systematically varying the serial presentation 
positions of the Rp+ and Rp- items within their category. We examined 
the amount of impairment of the Rp- items in each category position. 
This manipulation was based on the findings of Wood & Underwood 
(1967), who demonstrated that items presented earlier in a category 
were better recalled than later items. Moreover this superior recall was 
not due to the general serial position effects, but was specific within a 
category. Consequently, we assumed that items presented earlier in a 
category are stored better and thus stronger than items presented later in 
the category. If indeed stronger non-practiced items are more inhibited 
than weaker non-practiced items, then the non-practiced items presented 
at the beginning of the category should be more inhibited than non-
practiced items presented later in a category. We compared the recall of 
the Rp- items in the different category positions with the corresponding 
Nrp items, but we did not find such a pattern. Items presented at the 
beginning of a category were as much impaired as items presented later 
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in a category. In summary, the observed pattern in Experiment 2.1 did 
not provided evidence for interference-dependence.  

However, it was suggested that the lack of difference in the 
impairment at the various positions was caused by integration of the 
practiced Rp+ and Rp- items during the study phase (M. C. Anderson & 
McCulloch, 1999; M. C. Anderson, Green & McCulloch, 2000). 
Integrated Rp- items might be covertly recalled during the practice of 
the Rp+ items, and thus better recalled in the later test. Moreover 
integration should occur more often at the beginning of a category than 
at the later positions, since earlier presented items have more chance to 
be rehearsed during the learning of the later items. Therefore the benefit 
derived from this integration should be greater for the Rp- items at the 
beginning of a category than in the later positions, hence 
counterbalancing the greater inhibition due to strength differences. 
Whether integration is a plausible explanation of the pattern found in 
Experiment 2.1 was investigated in Experiment 2.2. In Experiment 2.2 
we minimized the size of integration by grouping the Rp+ and Rp- items 
by presenting them in the first half or the second half of their category. 
If the similar amount of impairment in the different positions was 
caused by integration, then eliminating this effect should lead to 
increased retrieval induced forgetting at the earlier positions within a 
category and decreased retrieval induced forgetting in the latter 
positions compared to Experiment 2.1.  Similarly to Experiment 2.1, we 
found the same amount of impairment in all positions, hence, the lack of 
greater impairment at the beginning of a category found in Experiment 
2.1 was not due to integration. In Experiment 2.3 we manipulated the 
non-target item strength by presenting half of the Rp- items once (weak 
items) and half of the items twice (strong items) during study. Although 
the recall rates were higher for the strong than for the weak Rp- items, 
demonstrating the success of the manipulation, comparing the Rp- items 
with the corresponding Nrp items revealed the same amount of 
impairment for both strong and weak items. In summary, all three 



Chapter 6 

162 
 

experiments manipulated item strength during the study phase and 
found no support for the interference-dependence property of the 
inhibitory account. 

In Chapter 3, we also investigated the effect of non-target item 
strength on the amount of inhibition, however, we manipulated the 
amount of competition in a more direct way during target item practice. 
We used an altered version of the retrieval-practice paradigm in which 
we dismissed the baseline and practiced half of the items from all the 
categories. We induced competition of the related items per trial, 
presenting these subliminally just before the cue was presented and the 
target item had to be recalled. We compared the performance of the 
primed and not-primed related items in a later test. We assumed that if 
retrieval-induced forgetting is the result of inhibition then subliminal 
presentation of the non-target item leads to its activation, which in turn 
leads to competition and thus inhibition of these subliminally presented 
items.  

In Experiment 3.1 we tested whether subliminal presentation in 
general leads to activation of the items. We used a repetition priming 
paradigm, in which participants were provided with a category plus the 
first two letters of an item. Participants recalled more items when the 
category-stem cue was preceded by the subliminal presentation of the 
target word, compared to when an unrelated item was presented. The 
subliminal priming effect was also semantic in nature, presenting the 
prime in lowercase or uppercase did not change the effect. Based on the 
priming effect found in Experiment 3.1 we assumed that subliminal 
presentation of an item indeed leads to activation, although this 
activation does not reach the threshold of consciousness, and thus the 
method of subliminal presentation would appear suitable to the purposes 
of the study.  

In Experiment 3.2, we presented the related non-target items 
just before the target-item completion in order to induce competition 
and thus triggering the inhibitory control mechanism proposed by the 
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inhibition theory. In contrast to the expectations of the inhibitory view 
we did not find impaired recall for the subliminally presented related 
item on a later test phase, and thus no evidence for interference-
dependence. Furthermore, we compared the recall rates and response 
latencies of the target items in the retrieval-practice phase when a 
related item was primed with the condition when an unrelated item was 
primed. According to M. C. Anderson et al. (1994) competition of non-
target items during target item recall could manifest itself by slower 
recall of the target item during retrieval-practice. However, we could not 
detect any ongoing inhibitory process: in both conditions the 
performance on the target items was similar. One might reason that our 
baseline condition in which unrelated items were presented subliminally 
also activated the inhibitory control mechanism leading to slower or 
lower recall of the target item, and thus leading to similar performances 
in both conditions.  

In Experiment 3.3, we examined this possibility and added an 
extra condition in where instead of words a row of X signs were 
presented. If indeed presenting any words subliminally would trigger 
the inhibitory mechanism, both the related an unrelated condition should 
be impaired compared to the no prime condition. We did not find such a 
pattern, however, in all three conditions the performance on the target 
items was similar. In Experiment 3.4 we extended our experiment with a 
study phase in order to make our manipulation more episodic. If 
retrieval-induced forgetting is episodic in nature as some of the studies 
on inhibition suggest (e. g. Bjork & Bjork, 1996; Racsmány & Conway, 
2005) then the only case where we should find impairment for the 
subliminally presented primes is when they were presented on a study 
list before the practice of the target items. Again, similar to the previous 
two experiments we did not find any impairment for the subliminally 
presented related items, and thus the lack of episodic activation of the 
related items could not be the reason for the lack of inhibitory effects. In 
summary, in three successive experiments using subliminal priming of 
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the non-target items we did not find any support for the interference-
dependence property of the inhibitory account. Since in all experiments 
we found effects of repetition priming, subliminal presentation of an 
item did activate its semantic representation, and thus the present results 
cannot be rejected on the basis of failed manipulation. 

In general, in Chapter 2 and Chapter 3, we manipulated the 
strength of the non-target item in order to investigate the interference-
dependence property of the inhibitory account. In six successive 
experiments, we did not find any evidence for the effect of non-target 
item strength on the amount of retrieval-induced forgetting. 
Consequently the found pattern in these studies rejects the interference-
dependence assumption of the inhibition theory. 

In Chapter 4, we investigated the strength-independence 
assumption. In Experiment 4.1, we manipulated the target item strength 
by the number of presentations during the study phase, keeping the 
strength of the non-target item constant. Strong target items were 
presented twice during the study; and weak target items were presented 
once. The impairment found for the non-target items depended on the 
strength of the target item. We found retrieval-induced forgetting when 
target items were strong, but no impairment when target items were 
weak, and thus rejecting the strength-independent property of the 
inhibitory account.  

Experiment 4.2 and 4.3 examined the same question, but in 
these experiments we also varied the strength of the baseline items, 
matching the Rp+ and Rp- items according to their strength. In general, 
in both experiments, the amount of retrieval-induced forgetting was 
rather small and in both strong and weak conditions similar differences 
were found between the Rp- and Nrp items. We, however, assumed that 
the lack of differences between the strong and weak conditions was due 
to methodological problems rather than to strength-independence. There 
were two main reasons that could better explain the similarities between 
conditions: first, the lack of success in the differentiation between strong 
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and weak target items; and/or second, the fluctuation of the baseline 
items. The first assumption we tested in Experiment 4.3. Here we 
altered the retrieval-practice phase in such a way that we lowered the 
success rate during the practice of the weak category, leading to greater 
differences for the target items in the various conditions. Yet the amount 
of retrieval-induced forgetting was similar in both weak and strong 
conditions. The second assumption we tested by examining the recall of 
the Nrp items in the different conditions. Indeed, the similar results were 
due to fluctuation of the recall rates of the baseline items: increasing 
strength of the Nrp items that were matching the Rp+ items led to 
decreasing recall of the Nrp items that were matching the Rp- items. A 
similar decrement was found for the Rp- items: the stronger the Rp+ 
items were, the lower the recall and thus the greater the impairment that 
was found for the Rp- items. Consequently, the decreasing non-target 
item recall due to different target item strength was masked by the 
decreasing recall rate of the matching baseline items.  

In Chapter 5, we examined the retrieval-specificity assumption. 
In all three experiments, we used non-competitive retrieval in order to 
investigate whether active retrieval indeed necessary for retrieval-
induced forgetting to occur. Contrary to the expectations of retrieval-
specificity, we did find retrieval-induced forgetting when target items 
were strengthened without active retrieval. In Experiment 5.1, we 
implemented the basic retrieval-practice paradigm, and we altered the 
retrieval-practice phase in such a way that competition of the non-
practiced item was not triggered. Similar to the experiment of M. C. 
Anderson et al. (2000), we presented the target item and participants had 
to recall the category in which the item was learned in the study phase. 
The non-competitive retrieval not only resulted in better recall for the 
strengthened target items, but also impaired recall of the non-
strengthened, related exemplars.  

In experiment 5.2 we also varied the target item strength during 
the practice phase: in the weak condition target items were practiced 



Chapter 6 

166 
 

once, in the strong condition target items were practice four times. 
Similarly to Experiment 5.1, we found retrieval-induced forgetting, 
however, the amount of impairment that was found in the different 
strength conditions was opposite to what we expected: non-target items 
were more impaired in the weak target item condition, than in the strong 
target item condition. A possible explanation for these results is that it 
might be due to integration between target and not-target items. Target 
and non-target items were presented in an alternating order in the study 
phase, which could lead to integration between successive items. Since 
in the strong condition the target items received four times as much 
practice as in the weak condition, the integrated non-target items may 
also have been covertly recalled four times as often as in the weak 
condition. This covert retrieval could then have resulted in less 
impairment in the strong than in the weak condition.  

In Experiment 5.3, we examined whether this explanation was 
correct. We grouped the target and non-target items within the category 
presenting them at the beginning or at the end of the category. In such a 
way, we could minimize the integration between the different item 
types. Indeed, the observed pattern of target item strength reversed: 
retrieval-induced forgetting found in the strong condition was slightly 
larger than in the weak condition. The small differences between the 
two conditions could be due to the fact that integration may be lowered 
by grouping the different item types, but cannot be fully eliminated, 
since target and non-target items still are part of the same category and 
in this way integration will still be present, albeit in a weaker form. In 
general, in Chapter 5, we demonstrated that retrieval-induced forgetting 
is not retrieval-specific, and other forms of strengthening that do not 
depend on active recall and competition, still lead to impairment. 

In general, the studies reported in this thesis provide firm 
evidence against an inhibitory explanation of retrieval-induced 
forgetting. While Chapter 2 and 3 did not find any evidence of the effect 
of non-target item strength and thus rejected interference-dependence, 
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Chapter 4 and 5 found support for the effect of target item strength and 
for the effect of strengthening without active retrieval and thus rejected 
the strength-independence and retrieval-specificity assumptions. 

In the following section, we will describe the main differences 
between the theories followed by a critical discussion of the retrieval-
practice paradigm. 

6.3 Discussion 

The inhibitory and strength-based models differ from each other 
in two main points: the locus where the impairment occurs, and the type 
of information that is responsible for the occurrence and the size of the 
impairment.  

In terms of the retrieval-practice paradigm, the locus of the 
impairment is placed in the practice phase by the inhibition theory and 
in the test phase by the strength-based models. According to the 
inhibition theory impairment of the non-target item arises during the 
strengthening of the target item due to the inhibitory control processes 
that inhibit the non-target information in order to overcome the 
competition. On the other hand, strength-based models locate the 
impairment in the final test phase where the practiced target items 
interfere and block the non-practiced items when a retrieval cue is 
given.  

Within the retrieval-practice paradigm the inhibitory theory 
emphasizes the effect of strength of the non-target item on the size of 
inhibition, while in strength-based models the strength of the target item 
is a predictor variable influencing the variation in the retrieval-induced 
forgetting effect. Note that both theories explain the degree of the 
impairment in terms of item strength: the inhibitory theory expects 
increasing inhibition with increasing non-target strength; the strength-
based models predict increasing impairment with increasing target item 
strength.  
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These differences can be summarized by the three key 
assumptions of the inhibition theory. Retrieval-specificity specifies the 
locus where the impairment takes place. This property focuses on the 
competitive nature of inhibition and the competition that is assumed to 
be necessary for retrieval-induced forgetting to occur during the practice 
of the target information. The interference-dependence assumption 
captures the importance of non-target item strength, and the strength-
independence property asserts that target item strength does not affect 
the size of the retrieval-induced forgetting effect.  

Our studies reject all three assumptions and thus support the 
strength-based view of forgetting. In the second and third chapters we 
rejected the interference-dependence assumption: The strength of the 
non-target items did not influence the amount of inhibition. In the fourth 
and the fifth chapters we did not find support for the strength-
independence property of the inhibitory account: The strength of the 
target item did influence the amount of inhibition. The fifth chapter 
found clear evidence against the retrieval-specificity assumption as we 
found impairment with non-competitive strengthening.  

In general our study demonstrated that non-target information is 
not necessarily impaired during target item practice, directing the locus 
of impairment to the test phase. Secondly, it is the strength of the target 
item rather than the strength of the non-target item that influences the 
amount of inhibition. In summary, we did not find any empirical 
evidence that demonstrates that retrieval-induced forgetting is an 
inhibitory process.  

One might argue that our results do not provide strong evidence 
against the inhibition theory since the obtained retrieval-induced 
forgetting effects in the different experiments were small and sometimes 
they did not even occur. These minor effects then rather demonstrate 
failure of the manipulation or could be better explained by factors that 
mask or moderate the effect of an inhibitory mechanism. However, we 
have to mention here that retrieval-induced forgetting obtained by the 
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retrieval-practice paradigm in general is a minor effect. The original 
effects found by M. C. Anderson and colleagues are hard to replicate. 
We made inquiries and contacted laboratories that were working with 
the same paradigm. We found out that many laboratories that were 
working with the retrieval-practice paradigm failed to find any effect. 
Since studies that fail to find an effect are almost never published, a 
biased picture of the paradigm is presented in the published literature, 
which presents retrieval-induced forgetting as an effect that should 
always be found using the retrieval-practice paradigm. Working with 
the paradigm for several years, however, resulted in a number of 
observations that point to methodological problems with the paradigm, 
that might explain the difficulty of finding an effect, and the contrasting 
results found by different laboratories. In the next section, we will 
present these concerns focusing on the different phases of the paradigm.  

6.3.1 The retrieval-practice paradigm 

M. C. Anderson, Bjork and Bjork (1994) developed the 
retrieval-practice paradigm as an alternative for the retroactive 
interference paradigm. Their reason for a new method was that the 
traditional paradigms confound strengthening with competition. They 
argued that the new paradigm would be able to distinguish between 
these processes by separating the learning phase from the retrieval-
practice phase. In our opinion, however, the new paradigm also brought 
new problems that complicate the interpretation of the data.  

The main concern that was given about the retrieval-practice 
paradigm focused on the output interference occurring in the test phase. 
It was argued that using category cued recall in the test phase might 
confound the inhibition effect with output interference and therefore the 
latter had to be controlled. We claim, however, that not only the test 
phase has to be reconsidered to adequately measure retrieval-induced 
forgetting, but also the study and the retrieval-practice phases have to be 
re-examined to determine whether other processes are affecting the 
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results. In the next section we will describe some observations about 
each phase of the paradigm followed by some more general remarks.  

The study phase 

In the experiments using the retrieval-practice paradigm little 
attention was paid to possible additional factors influencing the 
retrieval-induced forgetting effect in the study phase. In general, most 
experiments, apart from counterbalancing for the item types, use 
blocked randomization during the study phase in order to avoid two 
successive presentation of items from the same category, and present 
three filler items at the beginning and the end of the list to control for 
primacy and recency effects at the list level. Serial position effects 
however are also occurring at the level of the category when using 
categorized lists. This within-category serial position effect cannot be 
explained by a more general serial position effect on the list as a whole 
(Wood & Underwood, 1967). Furthermore, it persists for all items that 
only occur during the study and the test phases, and do not receive any 
extra practice between the two phases: i.e., the non-target and baseline 
items (Jakab & Raaijmakers, 2009). This within-category serial position 
effect plays a role in the amount of retrieval-induced forgetting found in 
the test phase for two main reasons. First, retrieval-induced forgetting is 
the difference between the average recall of the baseline and the average 
recall of non-target items, and, second, the practiced category is divided 
into Rp+ and Rp- items in which the non-target items are randomly 
chosen from the different category positions. Therefore, the later the 
average position of the non-target item the greater the observed 
retrieval-induced forgetting will be, because later presented Rp- items, 
in general, have a lower recall than earlier presented Rp- items. In 
summary, in general, the amount of retrieval-induced forgetting is 
influenced by within-category serial position effects on the study list, 
therefore the observed retrieval-induced forgetting effects in a particular 
experiment depends on the position of the different item types within 
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their categories. This problem can be solved in two different ways: 
either by matching the Rp- and Rp+ items to the Nrp items in terms of 
position on the study list, or by presenting the Rp- and Rp+ items in an 
alternating order.  

The retrieval-practice phase 

 The lack of feedback during retrieval-practice 

It is questionable whether the present form of the practice phase 
is adequate to achieve optimal strengthening of the target item. In the 
most experiments, retrieval-practice is given three times to strengthen 
target items to a high degree; however, no feedback is given during the 
practice phase. Consequently, items that are not remembered during the 
retrieval-practice phase are actually not practiced. These items are still 
treated as Rp+ items in the test phase, but they cannot cause interference 
because they are actually not stronger than any non-practiced item.9 If, 
however, the purpose of retrieval-practice is to merely achieve 
inhibition and strengthening of the target item is irrelevant then one 
practice should be enough, because during the first practice non-target 
items should compete the most and thus should be inhibited to the 
greatest degree. In all following trials non-target items should have 
already suffered from inhibition, and thus compete less with the target 
item. In summary, for testing the strength-based models feedback 
should be given to achieve the expected target items strength, 

                                                      
9 Storm, Bjork, Bjork & Nestojko (2006) demonstrated in a study that without 
successful retrieval of the target item during retrieval-practice, inhibition could 
still be achieved. However even in a condition in which retrieval of a target 
item was impossible, participants reported an item in 31% of the cases that 
correctly could complete the stem but was not member of the category. This 
suggests that participants might have generated something during the retrieval-
practice, but since it did not fit the category it was not reported. Still it could be 
strengthened to the cue and thus causing interference on the later test phase. 
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alternatively for testing the inhibitory account one practice should be 
enough to trigger inhibition.  

 Do related items get activated during retrieval of the target? 

Since the cue given in the retrieval-practice phase is item 
specific, it seems questionable that activation of the non-target item 
would occur during this phase. Since two cues are provided, the 
category name and the first two letters of the item, it seems unlikely that 
an item will be activated that is only connected to one of the cues. 
Studies investigating the retrieval of targets given more than one cue 
(e.g. Rubin &Wallace, 1989; Humphreys, Wiles & Bain , 1992) provide 
evidence that the search process is largely restricted to the intersection 
of the sets of items that might be activated using each cue separately. 
Such a results is consistent with the SAM model (Raaijmakers & 
Shiffrin, 1981) that predicts that the probability of sampling an item 
when more than one cue is provided is a function of the product of the 
associative strengths between the item and the different cues. Therefore 
according to this prediction the probability that a related item (e.g. pear) 
will be activated when the joint category-plus-first-two-letters cue (e.g. 
C1- C2: FRUIT – ap__) will be very low since the association strength 
between the related item (here: pear) and the second cue, the first two 
letters of the item (here: C2: ap___), is very low or zero.  

The test phase 

As we mentioned before, most attention was paid to the test 
phase of the paradigm, because output interference effects might cause 
problems with the interpretation of the observed data pattern. In order to 
eliminate output interference the first letter of the item was added to the 
test cue, resulting in a similar cue to that is used in the retrieval-practice 
phase. This resemblance between the two phases should also be 
considered in terms of the inhibitory mechanism. According to the 
inhibition theory, the category-plus-stem recall triggers the inhibitory 
control mechanism for the related items; hence, this mechanism should 
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also be active in the test phase just as in the retrieval-practice phase. In 
terms of the paradigm then the items tested in the second three positions 
of the category should be inhibited, because they should interfere with 
the recall of the items tested in the first three positions. Moreover this 
inhibition should be greatest for the Rp+ items, because in terms of item 
strength they should interfere the most with the recall of the Rp- items 
in the first three positions, and thus should be inhibited to the largest 
degree. Therefore in experimental settings in which target item strength 
is varied, stronger impairment should be found for stronger target items 
than for weaker target items when tested in the second three positions. 
However examining the recall of the Rp+ items in the M. C. Anderson 
et. al. (1994) study or our studies in terms of the testing position no such 
effect can be detected. 10 

Separating learning from practice 

 Strengthening the target item  

The argument that target item strength does not play a role in 
the amount of impairment is a major critique on the strength-based 
models since their explanation of retrieval failure is based on this factor. 
In studies, looking at the effect of item strength on the amount of 
forgetting, the item strength is manipulated in terms of presentation time 
or number of presentations (e.g. Ratcliff, Clark & Shiffrin, 1990; 
Malmberg & Shiffrin, 2005). In the paper of M. C. Anderson et al. 
(1994) in which the argument of strength-independence was proposed, 
this factor was manipulated by taxonomic frequencies. Since strength-
independence is a general assumption, it should also be valid for 

                                                      
10 The examination of the Rp+ items should be preferred above the Rp- items, 
because the Rp- items are already inhibited and thus weaker during testing. 
Since weak items cause less competition, less or no inhibition should be found 
for these items.  
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experimentally induced differences in target item strength such as due to 
variation in number or duration of the study trials.  

The retrieval-practice paradigm has a separate learning and 
retrieval-practice phase, hence target strength could be manipulated in 
each of these phases: during the learning phase or during the retrieval-
practice phase. Although both would seem a straightforward 
manipulation, it may not always be successful for two main reasons. If 
we manipulate the item strength in the study phase the subsequent 
retrieval-practice phase could diminish the original strength difference, 
because practice for the weaker items is generally more effective, i.e. 
there is more to learn. As a result, the strength difference between the 
various target items in the test phase is decreased and thus may not be 
large enough to cause different amounts of impairment in the different 
conditions. Experiments 1 and 2 in Chapter 4, are good examples of this 
problem.  

Another possibility to vary target item strength is in the 
retrieval-practice phase by practicing the target item a different number 
of times. Note here that this manipulation of target item strength can 
only be applied using non-competitive retrieval, since the different 
number of practice trials in the competitive condition would not 
differentiate between the theories: both inhibition and strength-based 
models predict greater impairment with greater number of practice. 
Practicing the target item to a greater number, however, might not only 
increase target item strength, but also the strength of the non-target 
items that are strongly associated to the practiced item. Since each time 
the target item is recalled, these non-target items could also be retrieved, 
leading to better performance and thus lower retrieval-induced 
forgetting in the later test phase. Experiments 2 and 3 in Chapter 5 are 
good examples of this problem. How and why non-target items profit 
from the practice of the target item will be discussed in the next section 
on integration. 
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 Integration 

One of the most frequently occurring problems in the retrieval-
practice paradigm that mask or moderate retrieval-induced forgetting is 
the effect of integration between the items within a category. A frequent 
comment on studies in which retrieval-induced forgetting was not found 
has been the lack of control for this integration effect. Although M. C. 
Anderson and colleagues (M. C. Anderson & McCulloch, 1999; M. C. 
Anderson, Green & McCulloch, 2000) extensively examined this 
problem, we doubt that in the present set up of the paradigm integration 
is avoidable. Our arguments are twofold: the problem of integration 
derives first from the type of material that is used, and second, from the 
structure of the experiment. In the next paragraphs we discuss these 
arguments. 

The stimulus that is used in the paradigm is drawn from already 
existing semantic categories, and competition is elicited by practicing 
only half of the members of the categories, which should have a 
detrimental effect on the competing non-practiced category members. 
Items within a category, however, should then be more or less 
unconnected to each other and related only to the category cue to merely 
evoke competition when the category cue is presented. If there are 
already existing associations, retrieval of a target item may lead to the 
retrieval of a non-target item that is strongly associated to the target. 
Strong associations between items can occur in two different ways: by 
pre-experimental associations between the items or by associations 
formed during the experiment. In order to avoid the strong semantic 
associations between items one would have to use items with low 
connectivity. Such low connectivity however will lead to small 
retrieval-induced forgetting effects because of the interference-
dependence assumption that expects larger inhibition for strong than for 
weak items. Since higher taxonomic frequency is strongly correlated by 
stronger interconnections between the items, it would seem to be almost 
impossible to satisfy both criteria at the same time.  
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Interconnections between category exemplars may also arise 
during the study phase. As we discussed earlier, the non-practiced items 
(referring for both Rp- and Nrp items) show within-category serial 
position effects, mainly primacy effects. Such serial position effects are 
usually attributed to better storage of the initial items in memory, 
because of longer rehearsal in working memory. Most importantly for 
the present argument, the first item is not only rehearsed longer, but also 
together with the following items, which might not only lead to stronger 
associations to the cue, but also to stronger inter-item associations 
between these items. These stronger inter-item associations between the 
intermixed Rp+ and Rp- items then also lead to integration. The 
elimination of this experimentally induced integration is difficult if not 
impossible for the following two reasons. First, the practiced and non-
practiced items are always members of the same category, and second, 
the within-category serial position effect is a consistent feature in this 
paradigm.  

That integration can play such a big role in retrieval-induced 
forgetting derives from the structure of the paradigm. Target items are 
learned twice: in the study and in the retrieval-practice phase. In the 
study phase target items are intermixed with the non-target items 
leading to interconnections between different item types. In the 
retrieval-practice phase, the retrieval of the target item could even 
strengthen these interconnections, and/or lead to the strengthening of the 
non-target items. In classic paradigms such as the retroactive 
interference paradigm, targets and competitors are learned on separate 
lists. Therefore in these paradigms integration between targets and 
competitors does not usually occur (except when the lists are related). 

In summary, we argue that the retrieval-practice paradigm in the 
present form may be too complex i.e. too many factors have to be 
controlled to provide a pure measure of retrieval-induced forgetting. 
However, as we described, controlling the masking or moderating 
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factors is not always possible, and therefore we propose that the 
paradigm should be revised and replaced by a more simple form.  

6.4 Conclusion 

The aim of the present thesis was to investigate whether the 
inhibition theory provides a better explanation for the retrieval-induced 
forgetting effect than the strength-based models. We examined the three 
main properties of the inhibition theory and conclude that inhibition is 
not necessary to explain retrieval-induced forgetting and hence 
forgetting can still be explained without recourse to the concept of 
inhibition.  
 




