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1 Introduction 

In 1994, a paper appeared written by Michael Anderson, Robert 
Bjork and Elizabeth Bjork proposing a new theory for forgetting. The 
so-called inhibition theory drastically broke with the traditional theories 
of forgetting in two main aspects. First, it rejected the idea that the 
newly learned information causes the impairment of earlier learned 
information. Second, it also proposed that forgotten information causes 
its own impairment during the learning of some new material. M. 
Anderson and his colleagues claimed that classical theories on 
forgetting confounded the effect of learning new information with the 
effect of a mechanism that underlies this learning process and thus had 
been focusing on the wrong aspect. The inhibition theory was the 
beginning of a hot debate on the process of forgetting, but not the first 
one. The last century brought numerous studies investigating the 
underlying process of forgetting, which resulted in many different 
theories that could more or less explain this process.  

The aim of the present manuscript is not to give a new account 
for this process, but to investigate the discrepancies between the latest 
forms of the classical theories and the newly proposed inhibition theory 
by examining certain properties of the latter.  

Before we turn to the main goal of the thesis, we would like to 
present the most important theories stemming from this fruitful research 
area followed by the description of the inhibition theory, its properties 
and the layout of the manuscript. 
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1.1 Classical theories of forgetting 

1.1.1 From decay to disruption of memory consolidation 

Thorndike (1914) proposed the law of disuse based on the 
notion that memories decay with the passage of time. He argued that 
unless we maintain our memory representations these fade away with 
the lapse of time. The law of disuse or decay theory was, however, not 
the first theory of forgetting.  

Müller and Pilzecker (1900) more than a decade earlier carried 
out a series of experiments on forgetting. In their study participants 
learned a list of nonsense syllables followed by a second list of 
nonsense syllables (experimental group) or by a resting period (control 
group). Both groups then were tested on the original list of stimuli. 
While the control group was able to recall almost all stimuli, the 
experimental group showed a very poor performance on recalling the 
first list items. They called this poor performance on the original list 
caused by some interpolated activity retroactive inhibition. The notion 
of retroactive inhibition and the experimental method of interpolated 
learning formed the basis for the research on forgetting for the following 
decades. Müller and Pilzecker formulated the perseveration-
consolidation theory to explain retroactive inhibition. According to the 
perseveration-consolidation theory memories are not fixed immediately 
after learning. A short period of time is needed for actively perseverate 
memory traces to become consolidated for later recall. In retroactive 
inhibition this perseveration/consolidation is disrupted by the 
interpolated list leading to forgetting of the original list. 

1.1.2 McGeoch’s response competition theory 

McGeoch (1932, 1942) discredited both theories. He argued that 
mere disuse with the passage of time as a cause of forgetting is a 
theoretically unsatisfactory explanation. Time itself does nothing, rather 
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activities during the retention interval cause forgetting. Furthermore 
experimental evidence on retroactive inhibition demonstrates that 
forgetting varies with the interpolated conditions and not with passive 
disuse. The perseveration-consolidation theory also could not account 
for all forgetting for three main reasons (McGeoch, 1942). First, 
retroactive inhibition occurs even if the interpolated list is presented at a 
later time by which consolidation should have been completed. Second, 
similarity between original and interpolated learning influences the 
amount of forgetting. Third, the perseveration-consolidation theory 
could not explain proactive inhibition, which is the negative effect of 
earlier learning on the performance on a later learned memory trace.  

McGeoch (1932, 1942; see also Crowder, 1976) proposed the 
response-competition theory as an alternative explanation for retroactive 
inhibition. According to this theory memory is associative in its nature. 
The association formed between a stimulus and a response does not 
change, but with the passage of time new information will be also 
associated to the same cue. Retroactive interference then occurs because 
the newly learned response will be retrieved instead of the target 
information, blocking the recall of the latter. The response competition 
theory proposes the following three hypotheses. The independence 
hypothesis assumes that the associations between the stimulus and 
different responses are learned independently, and the learning of the 
new response to the cue does not change the association strength 
between the cue and the original response. Furthermore according to the 
recall dominance hypothesis, when a cue is given the most strongly 
associated response will dominate and be recalled. Finally McGeoch 
proposed that the alteration in the specific conditions in where the 
stimulus was learned decreases its later retrieval. Crowder (1976) used 
the terms nominal and the functional stimulus to clarify McGeoch’s 
assumption. The nominal stimulus refers to the intended stimulus that 
was provided by the experimenter e.g. a list of words. The functional 
stimulus refers to a broader concept that next to the nominal stimulus 
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also involves the specific learning situation in where the stimulus was 
studied such as the place of learning, the light, the feelings of the 
subject. It is the functional stimulus that is associated to the response, 
not the nominal stimulus, hence the absence of these contextual 
conditions can decrease the recall of a response. In summary, the 
changes in the specific situation as time passes lead to changes in the 
recall performance. This third aspect was rarely mentioned in later, 
simplified, treatments of the response-competition theory. 

In summary, while the perseveration-consolidation theory 
assumes that the original response changes i.e. is not preserved due to 
interpolated learning, the response-competition theory suggests that the 
association of the original response to a cue does not change but 
retroactive inhibition appears during recall as a result of response 
dominance of the interpolated response. 

1.1.3 The two-factor theory of forgetting 

Melton & Irwin (1940) argued that retroactive interference is 
not solely the result of competition between different responses. They 
rejected the independence hypothesis and proposed that the association 
between the cue and the original response changes when a new response 
is learned to the same cue. Their argument was based on experiments in 
which the originally learned list was followed by an interpolated list, 
presented various numbers of trials. Retroactive interference was 
measured by the recall of the original list and by the number of 
intrusions from the interpolated list. They found that the recall of the 
original list increased with the number of interpolated trials until the 
intermediate level and slightly decreased at the highest level of 
interpolated learning. However the number of intrusions from the 
interpolated list first increased and then rapidly decreased from the 
intermediate level. If the number of intrusions from the interpolated list 
is a direct measure of response competition and response competition 
determines retroactive inhibition as McGeoch suggested, then the 
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number of intrusions and the recall rates of the original list should 
correlate. However, the found pattern did not match this prediction. 
Melton and Irwin suggested that in addition to competition an extra 
factor (which they termed “Factor X”) also influences retroactive 
inhibition. They calculated factor X as the difference between the total 
amount of retroactive inhibition and the amount of inhibition measured 
by the number of intrusions. They defined Factor X as unlearning.  

According to the unlearning hypothesis during the interpolated 
list learning items from the original list intrude. Because these items are 
inappropriate during second list learning they are not reinforced and get 
extinguished. The higher the degree of interpolated learning the higher 
the number of intrusions from the original list and hence the greater the 
amount of unlearning. Moreover, from this reasoning it follows that the 
amount of proactive inhibition should always be lower than the amount 
of retroactive inhibition, because the earlier is caused solely by 
competition and the later by competition and by unlearning (Melton & 
von Lackum, 1941). Unlearning was also thought to be analogous to 
extinction in classical conditioning (Underwood, 1948a; 1948b). 
Underwood used the terms extinction and unlearning synonymously and 
extended the theory by the notion of spontaneous recovery. He argued 
that as the interval between interpolated learning and recall of original 
learning increases, the recall of the original list should become better 
due to the process of spontaneous recovery (a process that had been 
observed in animal conditioning studies).  

Melton & Irwin's theory of retroactive inhibition is called the 
two-factor theory because it consists of two factors: competition as 
defined by McGeoch’s response dominance hypothesis and unlearning. 
The main difference between the response-competition mechanism and 
the two-factor theory is that the former assumes no changes in the 
association between the stimulus and the original response 
(independence hypothesis), while the latter assumes extinction of the 
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association between the cue and the original response during second list 
learning.  

The large number of studies that were carried out on the two-
factor theory led to mixed results (see Keppel, 1968 and Postman, Stark 
& Fraser, 1968 and Crowder, 1976 for reviews). The theory had to be 
adjusted in order to account for the observed data patterns. 

1.1.4 The response-set interference theory 

Postman, Stark & Fraser (1968) reformulated the concept of 
unlearning incorporating this into a new theory called the response-set 
interference theory. According to their response-set interference theory 
unlearning reflects temporary unavailability of responses. The response-
set interference theory proposed a mechanism of response selection that 
activates appropriate responses and suppresses inappropriate ones 
during learning. This selector mechanism does not restrict its effect to 
individual responses but to the entire set, hence the term response set 
suppression. In terms of the interpolated learning, when the second list 
has to be learned the selection mechanism has to shift to a new criterion 
activating the appropriate second list responses and suppressing the now 
inappropriate first list responses. The selector mechanism is 
characterized by inertia referring to the phenomenon that the dominance 
of the most recent responses decreases over time, i.e. there is no 
immediate shift between the two sets of responses. When the first list 
responses are immediately tested after interpolated learning, the second-
list criterion still dominates, interfering with first list responses and 
resulting in temporary unavailability of the latter, i.e. unlearning. This 
dominance of the most recent criteria diminishes over the time, hence 
response-set interference from the second-list dissipates and 
spontaneous recovery for first list responses occurs. The major 
differences between the original unlearning assumption and the 
response set suppression hypothesis is that according to the unlearning 
assumption interference is item specific, leading to a permanent 
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unavailability of the unlearned items; response set suppression on the 
other hand operates on the level of the set of responses that are only 
temporarily unavailable.  

The proposal of response set suppression theory led to a series 
of experiments investigating its assumptions, and comparing them to the 
original two-factor theory. The results of these experiments were 
nevertheless mixed. Postman and Underwood (1973) concluded in their 
overview article that neither of the two theories could be dismissed on 
the basis of the experimental findings. 

1.2 The strength-based models 

The strength-based models described below are mathematical 
models that are derived from the classical interference theories. Even if 
they share features with the previously mentioned theories in terms of 
using association strengths determining retrieval success, they differ in 
basic assumptions: they reject the role of unlearning or suppression in 
the forgetting process. In the next paragraphs we will give a short 
summary of the ACT model (J. R. Anderson, 1976, 1981, 1983a, 
1983b), and the SAM model (Raaijmakers & Shiffrin, 1981; Mensink & 
Raaijmakers, 1988). 

1.2.1 The ACT model 

The ACT (Adaptive Control of Thought) is a general 
architecture for human cognition developed by J. R. Anderson (ACT, 
1976; ACT*1983a, 1983b; ACT-R, 1990, 1993). The ACT model 
divides memory into declarative, procedural and working memory. 
Declarative memory consists of facts; procedural memory consists of 
skills that are represented in the form of production rules. Production 
rules are statements such as “IF condition A is true THEN carry out 
action X. Working memory temporarily stores and processes 
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information that is the most activated at a given moment of time and 
changes with the demands of the environment (ACT-R). 

The memory representations can be characterized as a network 
of chunks or traces that are built up from nodes and the links between 
these nodes. A link between two nodes is formed to store external 
events or internal computations. Once a trace is formed it is permanent 
and stored in long-term memory. Each trace that is formed has a trace 
strength associated to it.  

At any given time a node can be activated due to the encoding 
of perceptual information or the processing of internal concepts. The 
activated node is then temporarily in the working memory, and become 
the source of activation. A source node then spreads its activation to all 
other nodes it is linked to in long-term memory. These activated nodes 
in turn spread activation to other linked nodes. There is a limit of 
activation that one node can spread to other nodes. The amount of 
activation that is sent by a node is a function of its trace strength and the 
number of nodes it is linked to. Therefore the more a node is linked to 
other nodes, the lower the activation that can be sent to each individual 
node. Consequently the pattern of activation is asymptotic: it decreases 
as it spreads through in the network of the nodes. As soon as a source 
loses attention its activation decays and so will the activation of the 
network of the connected nodes.1  

                                                      
1 In the early version of the model (J. R. Anderson, 1976) the node had an all-
or-none activation pattern i.e. the node was in an inactive state or in an active 
state, and the strength of the trace was determined by the speed the activation 
spread between the nodes. In the later version of the model, ACT* (J. R. 
Anderson 1983a, 1983b) the node had a continuously varying activation level 
depending on its use that determined its strength. The ACT-R model (J. R. 
Anderson, 1990, 1993) differs from the previous version in two points: the 
activation spreads only between two nodes; and it is adaptive to the demands of 
the environment. 
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The recall of a trace is determined by its activation, which is in 
turn a function of its strength. Each trace has two types of strengths: an 
absolute strength and a relative strength (J. R. Anderson, 1981). The 
absolute strength of a trace is determined by the study exposure a trace 
receives, and it does not decay with time. The relative strength is equal 
to the absolute strength of a trace divided by the strength of all traces, 
including the target trace, related to the same cue node. Both the 
absolute and the relative strength of a trace play a role in its activation, 
but it is the relative strength that directly determines its recall. Therefore 
the recall success of an item can be expressed by the following 
equation: 

 

A = AS (S+ /(S+ + SS
−)) + AC (S+ /(S+ + SC

− ))   (1.) 
 

where A denotes the activation of the trace; AS the activation from the 
source and AC activation from the context. The S+ denotes the strength 

of the trace and SS
− the strength of all other traces connected to the same 

source; and SC
−  the strength of all other traces connected to the context.  

Since increasing the absolute strength of a trace also increases 
its relative strength, it improves the probability of its recall. On the other 
hand increasing the absolute strength of other traces or competitors 
decreases the relative strength of the target trace and thus also decreases 
the probability of its recall. Retrieval may fail because of two reasons: 
First, the target trace may never have been formed and second, the target 
trace is formed, but its activation does not reach the required threshold. 
The second type of retrieval failure is what caused by interference: the 
strength of other traces or competitors connected to the same cue lowers 
the relative strength of the target trace, and in turn leads to retrieval 
failure (Equation 1). 
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1.2.2 The SAM model 

The SAM model (Raaijmakers & Shiffrin, 1981) was based on 
the dual-store model (Atkinson & Shiffrin, 1968; Shiffrin, 1976). 
Similarly to the dual-store model, in the SAM model information is 
processed and stored in two stores: the short-term store (STS) and the 
long-term store (LTS). In the short-term store information about items is 
temporarily maintained after they are presented. This information is 
then coded, rehearsed and transferred to the long-term store. The STS 
also plays a role in retrieving information. It is used to assemble 
retrieval cues to access information from long term memory. The 
capacity of the STS is limited and hence the number of items that can be 
simultaneously maintained (this is called the “buffer size”) is also 
limited. When the maximal buffer size, r, is reached, new items will 
replace the one of the old items staying in the STS. New information 
from STS is transferred to the long-term store. The long-term store 
(LTS) is the permanent store of information that contains all the 
information: prior and new. Information in LTS is stored in the form of 
“images”. Images are sets of interconnected features. Images contain 
information about the association between context and item, about the 
item itself and about the association between the item with other items. 
Context information refers to the temporal and situational information 
present in STS together with the item. The amount of context 
information that is stored in LTS depends on the time the item remained 
in the rehearsal buffer. The item information refers to the information 
that enables the production of the response, i.e., naming the word 
encoded in an image. Again the time spent in the rehearsal buffer 
determines the amount of item information stored in LTS. The amount 
of inter-item information depends on the time the two items spent 
simultaneously in the buffer.  

The retrieval of information is cue-dependent: a set of cues is 
used to search for the information. Two sorts of cues can be used to 
activate images: context cues, and item cues. The retrieval process can 
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be divided into sampling and recovery. First cues are assembled in the 
STS and are used to activate images in the LTS. The selection of a 
particular image from all the images in LTS is called sampling. The 
probability of sampling an image Ii depends on the strength of its 
association with the stimulus cue, S(Ii, Si), and the context cue, S(Ii, C); 
and it is proportional to the sum of the strengths of all associations 
related to the same stimulus, S(Ij, Si), and context cues, S(Ij, C). This 
can be expressed by the following equation: 

 

PS (Ii | C,Si) =
S(Ii,C)S(Ii,Si)

S(I j,C)S(I j ,Si)+ Z
j=1

n

∑
   (2.) 

 
where Z denotes all extra-experimental associations related to the same 
cues. When the sampled information is recovered it will be recalled. 
Recovery is defined as a process by which information is extracted from 
the image. The probability of recovery depends on the association 
strength between the probe cues and the sampled image. It can be 
expressed by the following equation: 

 
PR (Ii | C,Si) =1− exp[−S(Ii,C) − S(Ii,Si)]  (3.) 
 
The SAM theory was extended by Mensink and Raaijmakers 

(1988) in order to deal with forgetting and interference phenomena. 
According to the SAM theory, forgetting is a result of retrieval failure. 
Two basic factors account for this retrieval failure: first, the increase in 
the number or strength of other, interfering traces associated to the same 
retrieval cue; second, the decrease in the associative strength of the 
current contextual cue to the to be retrieved trace. 

Since the probability of the sampling of an image is not only 
determined by its own associative strength, but its proportional to the 
associative strength of all images related to the same cue, an increase of 
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the competing images in number or in strength could decrease the 
probability of sampling an image and thus could lower its recall 
(Equation 2). Note here that when an image is sampled its recovery is 
not influenced by the strength of competing images, but only by its own 
strength (Equation 3). 

The decrease of the associative strength between the context cue 
and the image is explained by the so-called contextual fluctuation model 
(Mensink & Raaijmakers, 1988). The contextual fluctuation model 
emphasizes the role of context in retrieving information. The model 
divides the context into two sorts of elements: active and non-active. 
During learning certain elements are active others are non-active. In the 
memory only the association of the item with the active elements is 
stored. Between the time of learning and the time of retrieval a certain 
amount of time is passing. During this period the context changes: 
Active elements become non-active and non-active elements become 
active. Hence, at the time of retrieval different elements are active than 
during learning and thus different contextual cues are available. The 
decrease in the number of overlapping elements decreases the 
contextual strength of a given item, and thus decreases its recall 
probability.  

In general, although the ACT and SAM models differ in their 
basic structures, they explain forgetting in similar ways. According to 
these models retrieval success of an item is a function of the relative 
strength of the cues to the item. Hence when certain information is 
added and/or strengthened retrieval failure of other non-strengthened 
information related to the same cue could occur. Since ACT and SAM 
predict similar results on forgetting and both are based on the 
association strengths between cues and items, they will be defined 
together under the name strength-based models through the present 
thesis. 
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1.3 The inhibition theory 

M. C. Anderson and his colleagues (e.g. M. C. Anderson, Bjork 
& Bjork, 1994; M. C. Anderson, 2003) rejected the idea that retroactive 
interference is caused by the strengthened material. They proposed that 
interference should be investigated in a broader context by examining 
how interference is resolved by recruiting executive control processes 
that cause inhibition of competing but irrelevant information. M. C. 
Anderson (2003) proposes a parallel between the control of action and 
the control of memories using the same principle and that is to override 
undesired responses by inhibition. His argument is based on the 
following reasoning. The presentation of a stimulus activates a 
corresponding representation from long-term memory. When the 
activation of the representation achieves the threshold then it is emitted. 
Furthermore stronger representations achieve this threshold faster than 
weaker associations. When a stimulus is presented that activates more 
than one representation in long-term memory, then the one will be 
elicited that reaches the threshold faster. However, according to M. C. 
Anderson, in a particular context the weaker stimulus might be more 
appropriate, and hence to elicit the more relevant but weaker 
representation, the stronger one has to be inhibited. This suppression 
reduces the activation of the irrelevant response, and thus the weaker 
but more appropriate response can now reach the threshold faster and 
will be emitted. M. C. Anderson proposes that this suppression is not 
limited to the situation in which inhibition takes place, but leaves a 
longer-lasting decrease in activation of the inhibited representation and 
hence it is less activated when the same stimulus is given again at a later 
time. This inhibitory control mechanism is adaptive in nature because it 
enables “flexible, context-sensitive behaviour.” (M. C. Anderson, 2003, 
p. 417). For instance imagine that your teacher put his jumper on back 
to front, when he turns to the blackboard, you realize his mistake, he has 
his collar on the back, and you are triggered to laugh, but this is an 
inappropriate response in the setting of a lecture, so you inhibit laughing 
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and try to put on a serious face. Since laugh is a stronger response to a 
funny situation than a serious face, but in the context of a lecture is not 
appropriate it has to be inhibited. The next time your teacher walks in 
with his jumper back to front you are less likely to laugh, because the 
activation of this response is weakened by earlier inhibition. (Or you 
might start to think that this is a new trend to wear jumpers, and you 
also turn your jumper around.) 

In summary, when information is strongly associated to a cue 
but is inappropriate in a certain setting then its activation is reduced by 
the inhibitory control mechanism, in order to recall originally weaker 
but more relevant information. 

According to M. C. Anderson (2003) this process of inhibition 
of irrelevant information cannot be examined by the classical tests of 
forgetting such as the retroactive interference- or the part-list cuing 
paradigms, since they confound the strengthening with the retrieval 
processes. M. C. Anderson, Bjork & Bjork (1994) set up a new 
paradigm called the retrieval-practice paradigm, in which these 
processes are separated, since it consists of a separate study and 
retrieval-practice phase. The purpose of the study phase is to learn 
and/or strengthen cue and item associations. In the retrieval-practice 
phase where only part of the items are recalled, the competition and 
inhibition of the not recalled items can be elicited. The result of this 
competition and inhibition can then be captured in a later test in the 
form of impaired recall. 

1.3.1 Testing the inhibitory explanation: the retrieval-practice 
paradigm 

The retrieval-practice paradigm consists of four phases. In the 
study phase, category-item pairs are learned from different categories, in 
which several items are presented from each category. The study phase 
is followed by a retrieval-practice phase in which half of the items from 
half of the categories are practiced given a category name and the first 
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two letters of the practiced item. After the retrieval-practice phase, an 
unrelated distracter task is given for usually 20 minutes, followed by a 
test phase. In the test phase, all items that were learned in the study 
phase are tested. A category name or the category name and the initial 
letter of the tested item are presented as a cue. The following 
abbreviations are used for the different item types: Rp+ items are the 
items that receive retrieval-practice; Rp- items are the non-practiced 
items from the practiced categories; and the Nrp items are the non-
practiced items from non-practiced categories. 

According to the inhibition theory, in the study phase, the 
selected items (Rp+, Rp- and Nrp items) from each category are 
strengthened or newly learned to the cue. In the second retrieval-
practice phase, the presented category-letter stem cue activates all the 
items (Rp+ and Rp-items) that were learned in the study phase, which in 
turn leads to competition. The items that are irrelevant to the letter cue 
are suppressed by the inhibitory control mechanism (Rp- items). This 
inhibition leads to lower activation in the final test phase and thus 
retrieval failure occurs for the suppressed items. This retrieval failure 
was defined as retrieval induced forgetting, since it is induced by the 
retrieval of cue appropriate items. Retrieval-induced forgetting can 
calculated by subtracting the recall rate of the Rp- items from the recall 
rate of the Nrp items. This difference reflects the impairment of the Rp- 
items, and thus retrieval-induced forgetting due to the practice of the 
Rp+ items. Since the only difference between Rp- and Nrp items is that 
the former are members of the same category as the practiced items, and 
thus their impairment must have been induced by the retrieval-practice 
where the Rp- items were competitors. 

1.3.2 The main properties of the inhibitory account 

The basic finding of retrieval-induced forgetting can be 
explained by both inhibition and strength-based models, since all 
models predict impaired recall of the Rp- items when the Rp+ items is 



Chapter 1 

26 
 

strengthened. Several studies demonstrated, however, that retrieval-
induced forgetting does not always occur, but there are certain 
conditions that have to be met for the phenomenon to appear. M. C. 
Anderson (2003) describes four main properties of retrieval-induced 
forgetting that provide evidence for an inhibitory control process. These 
properties are interference-dependence, strength-independence, 
retrieval-specificity, and cue-independence.   

Interference-dependence refers to the idea that retrieval-induced 
forgetting depends on the strength of the competing irrelevant items. 
Stronger irrelevant items compete more for recall and thus have to be 
inhibited to a greater degree; on the other hand, weaker items compete 
less or not at all with the appropriate or target item hence they do not 
have to be inhibited. In general, retrieval-induced forgetting is 
interference-dependent, because it depends on the interference caused 
by the irrelevant item. The interference-dependence property is tested in 
several experiments supporting or rejecting this assumption (e.g. M. C. 
Anderson, Bjork & Bjork, 1994; Bäuml, 1998; Storm, Bjork & Bjork, 
2007, but Williams & Zacks, 2001; Major, Camp & MacLeod, 2008). 
The interference-dependence assumption is inconsistent with the 
strength-based models, because the latter do not predict an active role of 
the impaired items in the amount of forgetting. 

The strength-independence assumption proposes that the 
strength of the target item does not play a role in the amount of 
retrieval-induced forgetting. It is purely the strength of the irrelevant or 
non-target item that influences this process. When target item strength 
is varied, the amount of impairment should not change. In summary, 
retrieval-induced forgetting is strength-independent, because it is 
independent of the strength of the target item. The assumption is 
supported by many studies (e.g. M. C. Anderson, Bjork & Bjork, 1994; 
Bäuml, 1996, 1997, 1998). The strength-dependence assumption 
contrasts with the predictions of strength-based models in which target 
item strength plays a central role in the retrieval failure. 
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The retrieval-specificity assumption proposes that retrieval-
induced forgetting only occurs if the target item has to be actively 
recalled in response to a given category cue. Only in this case 
competition of the non-target item occurs. When the target item is 
already given and strengthening takes place for instance by extra study 
exposure, the related item does not compete for recall, hence the 
retrieval of the target item is non-competitive and no inhibition takes 
place. Thus, retrieval-induced forgetting is retrieval-specific, because it 
is specific to the type of retrieval that triggers competition between 
items. Retrieval-specificity is supported by many studies using different 
sorts of stimulus material (e. g. Cirrani & Shimamura, 1999; M. C. 
Anderson, Bjork & Bjork, 2000; M. C. Anderson & Bell, 2001; Shivde 
& M. C. Anderson, 2001). Retrieval-specificity is in contrast to the 
strength-based models, because they expect impairment of the non-
practiced item, when the target item is strengthened independently of 
the form of strengthening.  

The cue-independence assumption refers to the finding that the 
inhibited information cannot be retrieved even when using a different 
cue. It is not the association between the cue and the related items that is 
impaired, but the entire representation of the item is inhibited and hence 
is unavailable at a later test. Retrieval-induced forgetting is cue-
independent, because the unavailability of the item is independent from 
the cue that is used. The results on cue-independence are contradictory 
(e.g. M. C. Anderson & Bell, 2001; M. C. Anderson & Green, 2001; M. 
C. Anderson, Green & McCulloch, 2000; M. C. Anderson & Spellman, 
1995; Shivde & M. C. Anderson, 2001, but Camp, Pecher & Schmidt, 
2007; Camp, Pecher, Schmidt & Zeelenberg, 2009; Williams & Zacks, 
2001). The cue-independence property is in contrast to the strength-
based models, which emphasize the importance of the association 
between cues and items.  

In the present thesis, three of these four assumptions will be 
tested: the interference-dependence; the strength-independence and the 
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retrieval-specificity assumptions. The cue-independence property is not 
discussed in this manuscript. 

1.4 Overview of this thesis 

The aim of the present thesis was to investigate whether the 
inhibition theory provides a better explanation for the process of 
forgetting than the explanation proposed by the strength-based models. 
In particular, we tested the three main properties of the inhibition theory 
that could differentiate between these theories. 

In Chapter 2, we examine the interference-dependence property 
of the inhibitory account. We used the retrieval-practice paradigm and 
experimentally manipulated the strength of the non-practiced items. In 
Experiment 2.1 and Experiment 2.2 we manipulated the item strength 
by varying the within-category serial position of the different item 
types. This manipulation was based on the findings of Wood and 
Underwood (1967) who found that items presented early in a category 
are better recalled than items later presented.2 Such primacy effects are 
usually explained by better storage of the earlier presented items. Hence, 
according to the interference-dependence assumption, non-target items 
that are presented earlier and are thus stronger, should be more impaired 
than items that are presented later and are thus weaker. Based on this 
line of reasoning, we examined the recall of the non-target items in 
terms of within category positions. In Experiment 2.1, we positioned the 
Rp+ and Rp- items in an alternating order within their category in the 
study phase. In Experiment 2.2, we grouped the various item types 
presenting them subsequently at the early or later positions within their 
category. The purpose of the grouping of the different item types was to 
examine the effect of integration on the observed retrieval-induced 
forgetting effect. In Experiment 2.3, we manipulated the non-target item 

                                                      
2 We re-discovered this phenomenon but later found out that a similar result 
had been obtained by Wood and Underwood (1967) but was later “forgotten”. 
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strength by the number of presentations: strong items were presented 
twice during the study phase, and weak items only once. Note here that 
the strength of the target item was kept constant. Again, we investigated 
whether non-target item strength influenced the amount of impairment 
as was predicted by the interference-dependence property of the 
inhibitory account. 

In Chapter 3, we used a more direct method to investigate the 
interference-dependence assumption. More precisely, we examined 
whether non-target items also get activated when a cue is presented to 
recall the target. Since competition between target and non-target items 
could only arise if the retrieval cue activates both types of items, from 
which the irrelevant information has to be inhibited. We used a 
modified version of the retrieval-practice paradigm. We dismissed the 
baseline conditions, and all categories were practiced during the 
retrieval-practice phase. We induced the competition of the non-target 
items by presenting these subliminally just before the recall of the target 
item. Experiment 3.1 was set up to test whether subliminal presentation 
indeed leads to activation of the presented information. We used the 
repetition-priming paradigm to test this assumption. The category-stem 
cue was preceded by the subliminal presentation of the target item or of 
an unrelated item, and we compared the completion of the target item. 
Better completion of the target item when it was preceded by its 
subliminal presentation would mean that subliminal presentation leads 
to activation. In Experiment 3.2, we added a third condition in which the 
subliminally presented items were related to the target. We also 
extended the task with a test phase in which the related items were 
tested. If indeed activation of the related items induced by subliminal 
priming leads to competition and thus inhibition, then a later completion 
of these items should be impaired compared to related items that were 
not subliminally primed. In Experiment 3.3, we tested whether the 
subliminal priming procedure might lead to a general interference effect 
on the target item completion. In this experiment, we introduced a 
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condition in which no prime was presented. We compared target item 
completion of the non-primed condition with the conditions in which a 
prime (related or unrelated) was presented. In Experiment 3.4, we 
extended the paradigm with a study phase in order to test whether 
inhibition is specific to episodic traces. In the study phase, we presented 
all target and related items. If inhibition is episodic in nature then now 
the episodic trace of the related items should be impaired, and thus 
lower completion rate should be found for the related condition 
compared to the baseline. 

In Chapter 4, we examined the strength-independence property 
of the inhibitory account. We manipulated target item strength by 
varying the number of presentations during the study phase. Strong 
target items were presented twice during study phase and weak target 
items were presented only once. This manipulation is similar to that of 
Experiment 2.3 in Chapter 2, although in Chapter 2 we varied only the 
non-target item strength and in the present Chapter we varied only the 
target item strength. In Experiment 4.2 and 4.3, we extended the item 
strength manipulation to the baseline items: strong Nrp items were 
presented twice, and weak Nrp items were presented once. 
Consequently, we could compare the experimental items with a baseline 
matching in terms of item strength. In Experiment 4.3, we altered the 
retrieval-practice phase: we provided only one letter of the target item as 
a cue so as to make the recall of the items more difficult.  

In Chapter 5, we examined both the retrieval-specificity and the 
strength-independence assumptions. In Experiment 5.1, we altered the 
practice phase of the basic retrieval-practice paradigm. We presented the 
target word so that competition of non-target words could not occur, and 
we tested whether retrieval-induced forgetting is eliminated by using 
non-competitive practice. In Experiment 5.2, and Experiment 5.3, we 
also varied the number of practices during the retrieval-practice phase in 
order to examine the effect of target item strength in the amount of 
forgetting. Strong targets were practiced four times and weak targets 
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were practiced once. Note that while in Chapter 4 we varied target item 
strength in the study phase; in Chapter 5 we varied the same variable in 
the retrieval-practice phase. In Experiment 5.3, we grouped the target 
and non-target items during the study phase to test for possible 
integration effects.  

In Chapter 6 the main results of the four experimental chapters 
are summarized, followed by a review of possible shortcomings of the 
retrieval-practice paradigm.  
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2 The role of item strength in retrieval-
induced forgetting 

 
 

Abstract 
In three experiments the role of item strength in the retrieval-induced 

forgetting paradigm was tested. According to the inhibition theory of forgetting 
proposed by M. C. Anderson, R. A. Bjork and E. L. Bjork (1994), retrieval-
induced forgetting should be larger for items that are more strongly associated 
to the category cue. In the present experiments the authors varied item strength 
on the study list by manipulating the position of an item within its category 
(Experiments 1 and 2) and by the number of presentations in the study phase 
(Experiment 3). Contrary to the predictions from inhibition theory, in all three 
experiments stronger items did not show more retrieval-induced forgetting than 
weaker items.  

 
 
 

2.1 Introduction 

Retrieval-induced forgetting refers to the finding that practicing 
items associated with a cue impairs the recall of other items associated 
with the same cue (M. C. Anderson, Bjork, & Bjork, 1994). This 
retrieval-induced forgetting effect has been demonstrated in a large 
number of experiments by M. C. Anderson and others (e.g. M. C. 
Anderson et al. 1994; M. C. Anderson, Bjork & Bjork, 2000; M. C. 
Anderson & Spellman, 1995; Bäuml, 1998; Williams & Zacks, 2001). 

Retrieval-induced forgetting may be obtained with the retrieval-
practice paradigm (M. C. Anderson et al., 1994). In this paradigm, 
participants learn a list of category-item pairs, presented one pair at a 
time. Each category in the list is represented by several items. After the 
initial study phase, half of the items in half of the categories are given 
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additional practice with category plus stem cued recall. After a delay of 
(usually) 20 min, a test phase follows in which all category names from 
the study phase are given as cues and all the items from the study list 
have to be recalled. Practiced items from the practiced categories (Rp+ 
items) are, of course, recalled best because of the additional practice. 
The non-practiced items from the practiced categories (Rp- items) are 
often recalled less well compared with the items from the non-practiced 
categories (Nrp items). This inferior recall of the Rp- items compared 
with the Nrp items is the retrieval-induced forgetting effect.  

M. C. Anderson and others (e.g. M. C. Anderson, 2003; M. C. 
Anderson et al., 1994) have argued that the retrieval-induced forgetting 
effect is due to inhibition. When a category cue is presented in the 
retrieval-practice phase, other associated items in addition to the target 
item are activated and compete for recall. To overcome the competition 
of incorrect responses and be able to recall the target item, the 
inappropriate items have to be inhibited. This inhibition leads to a 
temporary unavailability of these items that is reflected in the impaired 
recall in the test phase. In summary, the decreased recall of the Rp- 
items is explained by assuming that these items have become inhibited 
during the retrieval-practice phase of the experiment.  

This retrieval-induced forgetting effect can also be explained 
with the notion of competitive retrieval (J. R. Anderson, 1983a, 1983b; 
Mensink & Raaijmakers, 1988), in which performance is a function of 
the relative strength of the target association compared with the 
associations of other items to the same cues. As a result of the retrieval-
practice on the Rp+ items, the association between Rp- items and the 
category cue becomes relatively weaker; therefore the performance on 
the Rp- items decreases.  

M. C. Anderson et al. (1994) tested the explanation of such 
strength-based models against the inhibition explanation in a series of 
experiments in which the strength of the items was manipulated by 
varying the taxonomic frequency of words within their categories. 
Strong items were defined as words with a high taxonomic frequency 
within their category and weak items as words with a low taxonomic 
frequency within their category. They found more impairment for the 
strong items than for the weak items compared with the baseline 
performance on the Nrp items.  
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This greater impairment of stronger items is in line with the 
inhibition explanation: Stronger items compete more during the 
retrieval-practice phase; therefore, these items have to be inhibited to a 
greater degree. M. C. Anderson et al. (1994) concluded that “highly 
accessible items are the most vulnerable to retrieval-induced forgetting” 
(p. 1078). This result demonstrates what M. C. Anderson (2003, 2005) 
termed interference-dependence, one of the fundamental properties of 
the inhibition account that supposedly uniquely supports the inhibition 
explanation for retrieval-induced forgetting and gives evidence that 
alternative strength-based models may not be correct. According to this 
assumption of interference-dependence, retrieval-induced forgetting 
arises only if related memories interfere during the retrieval-practice of 
the target. If the related information does not interfere with the target, 
there is no need for inhibition. Therefore, interference is necessary for 
inhibition to occur, because inhibition is the result of the necessity to 
“override distracting competitors” (M. C. Anderson, 2005, p. 308). 

M. C. Anderson et al. (1994) argued that strength-based 
competition theories could not explain these findings. According to a 
simple ratio-rule model in which recall probability is directly related to 
the relative strength of the target item compared with other items 
associated with the retrieval cue, weaker items should be inhibited to a 
proportionally greater degree contrary to what was observed. However, 
the status of this prediction for more complex versions of ratio-rule 
models is unclear (as was shown by M. C. Anderson et al.’s, 1994, 
Appendix A), and in particular, it may not hold for more elaborate 
versions of the relative strength model (e.g. Raaijmakers and Shiffrin’s, 
1981, search of associative memory [SAM] model) that include a 
number of additional processes (e.g. a recovery process based on 
absolute strength, and extralist associations)

3
. Analysis of a SAM-like 

model shows, however, that such models will usually (i.e., for 
                                                      

3 An analysis of a version of SAM that included extra list associates showed that such a 
model can give an almost perfect fit to the data of Experiment 1 of Anderson et al. 
(1994) with 14% retrieval-induced forgetting for the strong categories and 8% for the 
weak categories, close to the observed 16% and 6%, respectively. This was, however, 
only the case for parameter values that were somewhat improbable in view of previous 
SAM simulations. For more standard values, the model predicted an absolute decrement 
that was more or less equal for the weak and strong categories. 
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reasonable parameter values) predict about equal impairment for the 
weak items, whereas the inhibition account always predicts more 
impairment for the stronger competitors.  

In results similar to those of M. C. Anderson et al. (1994), 
Bäuml (1998) found more impairment for stronger items.  He 
investigated the effect of item strength on output interference. 
Participants were presented with lists containing weak and moderate 
items or strong and moderate items. In the test phase, the order of 
testing was manipulated. When strong items were tested after moderate 
items, they showed impairment, whereas weak items tested after 
moderate items showed no impairment. Bäuml concluded that these 
findings were consistent with a retrieval suppression mechanism. When 
moderate items are recalled first, stronger items compete more than 
weak items, therefore, stronger items have to be inhibited more. This 
inhibition, in turn, leads to impaired recall for the strong items later on. 
According to Bäuml, a strength-dependent competition model cannot 
explain these results because weakly associated items should suffer 
more from the output interference, which was not the case. Again, it is 
not clear whether this prediction does, in fact, hold for more elaborated 
versions of a strength-dependent competition model.  

Storm, Bjork, and Bjork (2007) tested the interference-
dependence assumption by combining the directed-forgetting procedure 
with the retrieval-practice paradigm. After the study phase, participants 
were instructed to forget or to remember the category-item pairs they 
had just learned. Storm et al. found retrieval- induced forgetting in the 
remember condition but not in the forget condition. They concluded that 
when participants intend to remember the study list more competition 
occurs; therefore, inhibition is necessary to reduce the competition, 
resulting in more retrieval-induced forgetting. On the other hand, when 
the study list has to be forgotten, items are less likely to interfere during 
retrieval-practice and inhibition is not necessary.  

Nevertheless, not all findings regarding the effects of item 
strength are in line with the interference-dependence assumption of the 
inhibition theory. Williams and Zacks (2001) replicated the study of M. 
C. Anderson et al. (1994) and also found retrieval-induced forgetting for 
unpracticed items. However, the impairment found for weak items was 
similar to the impairment found for strong items. They concluded that 
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their pattern was not consistent with the predictions of the inhibition 
theory and that it could be better explained by strength-dependent 
competition theories.  

A recent experiment by Major, Camp, and MacLeod (2008) 
manipulated item strength by varying whether items were read or 
generated during the study phase. Major et al. argued that generating 
items should lead to stronger cue-item associations, which in turn 
should lead to greater retrieval-induced forgetting. Contrary to the 
prediction from inhibition theory, generated exemplars were not 
inhibited more than read exemplars.  

In summary, the empirical evidence for the interference-
dependence assumption is rather mixed. Some experiments have 
manipulated strength with taxonomic frequencies and some experiments 
have manipulated item strength in different ways, but in both cases there 
are results that support the interference-dependence assumption as well 
as results that do not support that assumption.  

2.2 Present study 

In the present study, we manipulated item strength in a way that 
was independent of the specific items used. In Experiments 1 and 2, we 
varied item strength by manipulating the position of the items within a 
category; in Experiment 3, we manipulated item strength by the number 
of presentations during the study phase. Manipulating item strength 
experimentally has the obvious advantage of allowing strength to be 
factorially varied across items. 

In the study phase of the standard retrieval-practice paradigm all 
items are presented in a sequence with a block design. In each block, 
one item of each category is presented. The placement of the items 
within a category is randomly determined in most experiments. The 
order of the presentation within a category can influence the recall of an 
item later on. Wood and Underwood (1967) found that items presented 
earlier in a category are recalled better than later items. This superior 
recall of early items is not due to a general serial position effect for the 
whole list of words but is specific to the category.  

Such an effect of the position of an item within a category (or 
subset) was also found in one of our pilot experiments. The collapsed 
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data based on the position within a category showed a strong primacy 
effect within the categories. As shown in Figure 2.1, the items presented 
first within a category were recalled better than the items presented in 
the middle and at the end of the category. Such a primacy effect 
suggests better storage for items presented as the initial items of a 
category (Rundus, 1971). Indeed, Wood and Underwood (1967) 
demonstrated in their second experiment that the locus of the improved 
recall of the early items was in the learning phase and not in the recall 
phase. 

This serial position effect can be particularly important for the 
practiced categories, because here the items are divided into practiced 
(Rp+) and non-practiced (Rp-) items. Dodd, Castel, and Roberts (2006) 
showed that the placement of items within a category has an effect on 
the occurrence of retrieval-induced forgetting. They presented sets of 
words connected by a common cue and manipulated the position of 
practiced items within their subset in the study phase and found a 
retrieval-induced forgetting effect only when the practiced items were 
randomly chosen from a subset. When the practiced items all came from 
the final part of the list, no retrieval-induced forgetting effect was 
obtained. Because with such an arrangement the Rp- items are all from 
the initial part of the list, they have an advantage compared with the 
mean performance on the Nrp items (coming from all positions).  

According to the interference-dependence property of the 
inhibitory account the amount of inhibition is determined by 
competition of the non-target items when a cue is presented. Inhibition 
is necessary to reduce this competition to retrieve the target items. Early 
Rp- items within a category are stronger and recalled better when a cue 
is given and, therefore, are more likely to interfere during retrieval; as a 
result, they are also more prone to inhibition. Later Rp- items, however, 
are weaker and less likely to interfere during retrieval; hence, inhibition 
is not necessary. However, our pilot study was not specifically designed 
to test this hypothesis. We therefore designed a new experiment with a 
simple version of the retrieval-practice paradigm, with more adequate 
controls.  
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In the first experiment, every even or every uneven item within an 

Rp category was practiced; therefore, Rp- items were presented in all 
possible positions. In all other respects, the experiment was designed to 
mimic as closely as possible the procedure used by M. C. Anderson et 
al. (1994, Experiment 1). If, indeed, inhibition is necessary to control 
competing items during retrieval, the initial Rp- items should be 
inhibited to a greater degree than later Rp- items, leading to more 
impairment of the initial items in the final test phase.  

2.3 Experiment 1 

2.3.1 Method 

Participants 

Fifty-one students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. All participants had Dutch as their mother tongue. The 
average age of the participants (8 male, 43 female) was 20.2 years, 
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Figure 2.1. Mean recall percentage as a function of position in a category. 
Data from unpublished pilot experiment. 
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varying between 18 and 27 years. All had normal or corrected-to-normal 
vision.  

Design 

Retrieval-practice status was manipulated within subjects. As in 
previous experiments, half of the categories were practiced, and within 
these categories, half of the items were practiced during the retrieval-
practice phase (Rp+) and the other half were not practiced (Rp-). Nrp 
items belonged to one of the unpracticed categories; none of the items in 
these categories received practice in the retrieval-practice phase. The 
counterbalancing of words in the study phase and within the categories 
resulted in eight study lists. For the test phase, two types of test lists 
were constructed:  In half of the lists, the practiced categories were 
tested first, in the other half the unpracticed categories were tested first.  

Materials 

 Category and exemplar selection 

Categories were selected from the Hudson (1982) and Storms 
(2001) category norms.  We chose eight experimental (flowers, drinks, 
insects, metals, herbs, sports, birds, weapons) and two filler (fabrics, 
occupations) categories. All category names were unambiguous, had a 
length of one word, and were no more than three syllables. We chose 
categories with similar taxonomic frequency distributions. 

Six exemplars were chosen from each category. All exemplars 
in the categories had medium taxonomic frequencies. Exemplars in the 
categories of drinks, metals, and fabrics were drawn from Hudson’s 
(1982) category norms; the exemplars in the other seven categories were 
selected if their taxonomic frequencies were similar in the two sets of 
norms. The average exemplar taxonomic frequency was 18.3 (range 5-
42, median 16), according to Hudson’s (1982) category norms, and 16.8 
(range 5-38, median 17) according to Storms’s (2001) category norms. 
No two items began with the same two letters to ensure that each target 
in the retrieval-practice phase was uniquely specified. Items were 
chosen with a length between four and eight letters and between one and 
three syllables. The average length was 5.98 letters and 1.97 syllables.  
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 Study lists 

Study lists were constructed from 60 category-item pairs: 48 
experimental and 12 filler pairs were used. Retrieval-practice status of 
the exemplars was taken into account in constructing the study lists. On 
the basis of retrieval-practice status of the exemplars, eight lists were 
constructed; therefore all category-item pairs could take the Rp+, Rp- or 
Nrp position. All items were presented in all possible position (Positions 
1 through 6) within the categories. We used balanced Latin squares to 
arrange the order of the items (Wagenaar, 1969). Similar to M. C. 
Anderson et al.’s (1994) study, eight category-item pair blocks were 
created. Each block consisted of one of the items from the different 
categories. Within a block, two Nrp pairs followed two Rp pairs (one 
Rp+ and one Rp- pair) or vice versa. Half of the lists began with two 
Nrp pairs and the other half with the two Rp pairs. This arrangement 
allowed comparisons to be made between the different conditions as a 
function of serial position at study. At the beginning and at the end of 
the list two filler items were placed. The rest of the filler items were 
used to avoid having the same two categories appear in the same order 
more than once.  

 Retrieval lists 

The retrieval-practice list contained 12 category-item stem pairs 
from the experimental categories and 4 category-item stem pairs from 
the filler categories. Each exemplar was presented three times. As in the 
study of M. C. Anderson et al (1994), exemplars were arranged in an 
expanding schedule. Between the first and the second presentation of an 
exemplar, 3.7 exemplars appeared; and between the second and third 
presentation 6.7 exemplars were shown. No 2 category members were 
presented adjacently. In total, 48 category-item stem pairs were 
presented in the retrieval-practice phase. Counterbalancing the order of 
the categories, four retrieval-practice lists were constructed.  

 Test lists 

The eight experimental categories were presented in the test 
phase. In half of the lists, the four practiced categories were presented 
first, followed by the four non-practiced categories; in the other half of 
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the lists, the opposite order was used. All categories appeared in all 
eight positions, so that the average test position of the categories was the 
same. Here again, Latin squares were used. Eight lists were constructed 
for the test phase.  

Procedure 

The experiment was controlled by two Pentium G3 computers. 
E-Prime software (Schneider, Eschman, & Zuccolotto, 2002) was used 
to run the experiment. Participants were tested individually or in groups 
of 2.  

The procedure followed the retrieval-practice paradigm used by 
M. C. Anderson et al. (1994). The experiment consisted of four phases: 
the study phase, the retrieval-practice phase, the distractor, and the final 
test phase. Participants were told that they were participating in a 
memory experiment. All instructions were presented on the computer 
screen. In the study phase, participants were instructed to learn the 
category-word pairs. A plus sign was first presented for 500 ms, and 
then the category-item pairs were presented in the middle of the screen 
for 5 s, followed again by the plus sign. In the retrieval-practice phase, 
after the plus sign was presented for 500 ms, a category and the first two 
letters of an item were presented in the middle of the screen for 7 s. 
Participants were instructed to fill in the word stem with the items they 
had learned in the study phase. The retrieval-practice phase was 
followed by a 20-min distractor task. Two unrelated visual tasks were 
given as distractor tasks. In the final test phase, participants were 
presented with a category name in the top half of the screen, and 
underneath it a square text box was presented. Participants were told to 
type in all the words they could still remember from the category given 
at the top of the screen. Each category name was presented for 45 s. 
When the time was up, the text  Next category appeared on the screen 
for 500 ms, and the following category was presented. After the 
experiment, participants were asked to complete an exit questionnaire.  
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2.3.2 Results and discussion 

Retrieval-practice  

 
In the retrieval-practice phase, 84% of the exemplars were 

correctly completed. This rate is similar to the average rate of the strong 
and weak practiced items (M = 82%) found by M. C. Anderson et al. 
(1994). 

Final memory test 

For each participant, we computed the number of Rp+, Rp- and 
Nrp items that were recalled for each serial position. Recall percentages 
were analyzed with repeated measures analyses of variance (ANOVAs) 
in which retrieval-practice status was a within-subject variable and 
study list and test list were between-subjects variables. An alpha level of 
.05 was used for all statistical tests. 

A significant main effect was found for retrieval-practice status, 
F(2,86) = 119.53, p<.001. A planned comparison showed improved 
recall of the Rp+ items (M = 71%) compared with the Nrp items (M = 
41%), F(1,43) = 164.57, p<.001; and showed impaired recall for the Rp- 
items (M = 37%) compared with the Nrp items (M = 41%), F(1,43) = 
4.801, p=.034. These results replicate the basic retrieval-based learning 
and retrieval-induced forgetting effects.  

Serial position effect in the final memory test 

The main question of interest in the present experiment was the 
effect of serial position of the items within a category. Figure 2.2 shows 
the mean recall percentage for each retrieval-practice condition as a 
function of the within-category serial position. A repeated measures 
ANOVA was carried out in which retrieval-practice status and serial 
position were within-subject variables and study list and test list were 
between subject variables for the Rp- and Nrp items.  
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The main effect of the serial position was significant, F(5,215) 

= 68.67; p<.001. The overall recall of items decreased as a function of 
position. The items presented at the first position were recalled best (M 
= 78%), followed by those in the second position (M = 52%) and the 
third position (M = 27%). From the third position on, the recall 
percentage was about the same (M = 27%, 25% and 29% for the fourth, 
fifth and sixth positions respectively). A planned comparison revealed a 
significant difference in recall between the first and the second 
positions, F(1,43)= 45.57, p<.001, and between the second and the third 
positions, F(1,43)=49.88, p<.001. From the third position on, no 
significant differences were found. 

Next, we analyzed the extent to which our within-category 
serial position effects were confounded by list serial position effects 
given that items early in the category are, of course, also early in the list 
as a whole. To separate list position from category position we 
collapsed the study list into six blocks consisting of one item from each 
category. List position was defined as the position within a block. A 
between-subjects ANOVA with category position (six levels) and list 
position (eight levels) was carried out on the data from the Nrp 
condition. A significant main effect was found for category position, 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6

re
ca

ll (
%

)

position in category

Rp+
Rp-
Nrp

Figure 2.2. Mean recall percentage (with 95% C.I.) for the retrieval-
practice conditions as a function of serial position in a 
category in Experiment 1. 
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F(5,144)=23.53, p<.001, but not for the list position, F(7,144) <1. Also 
we found no evidence for an interaction effect, F(35,144)=1.04, p>.20. 
Similar results were obtained when the analysis was restricted to the 
first two category positions. These results demonstrate that the serial 
position effects are, indeed, specific to the category and do not seem to 
be confounded by list serial position effects. 

The most important finding of this experiment was that the 
Retrieval-Practice Status-Serial Position interaction was not significant, 
F(5,215) < 1. The recall of the Rp- items was similar to that of the Nrp 
items at all serial positions. Rp- items benefited as much from an earlier 
position within the category as the baseline items. Taken together, these 
results do not agree with the predictions of the inhibition theory, 
according to which there should have been more impairment for the 
stronger Rp- items (i.e. for the earlier serial positions). We did not find 
such a pattern. 

It might be objected that perhaps our manipulation of strength 
was not relevant to the conditions leading to inhibition. That is, for 
inhibition to occur the competitor item must be activated when the 
category cue is presented during the retrieval-practice phase of the 
experiment. It is in principle conceivable that our strength manipulation 
has nothing to do with the associative strength of the category cue but is 
based on some other dimension of trace strength. However, it can be 
easily shown that such is not the case by examining the output order of 
the Nrp items on the final test with the category name as the only cue 
given. The probability that the first item recalled was the item that was 
presented in the first serial position, was 52% and the conditional 
probability that an Nrp item that was initially presented in the first serial 
position was recalled as the first item on the final test (given that it was 
recalled), was 64%. Thus, the items that were considered strong were 
indeed the items that were very likely to be recalled first in response to 
the category cue and, hence ,almost by definition are the ones that are 
most strongly associated with the category cue. If this holds for the Nrp 
items at the final recall, it must also hold for the Rp- items during the 
retrieval-practice phase. Early Rp- items should compete more during 
the retrieval-practice phase and therefore should be inhibited more. 
Hence, the present strength manipulation was clearly relevant for 
category-cued recall.  
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Another objection to the present findings could be that the 
obtained pattern might possibly be reconciled with the inhibition 
account by invoking the concept of integration. M. C. Anderson and 
McCulloch (1999) found that when participants interrelated or 
integrated the Rp+ and Rp- items within a category, retrieval inhibition 
was reduced or even eliminated. In experiments of this kind, it might be 
assumed that the initial items from a category are reactivated when a 
later item from that category is presented and that these items are then 
associated or integrated together (rather than associated only with the 
common category cue). Given that an Rp+ item was always followed by 
an Rp- item and vice versa, Rp- items at the beginning of a category 
would be rehearsed with and integrated with the Rp+ items. When the 
Rp+ items are subsequently practiced in the retrieval-practice phase, the 
integrated Rp- items might also benefit from this practice, leading to a 
reduction of the inhibition effect for these items. Alternatively, 
integration might lead to a strengthening of the interitem associations 
between the Rp+ and Rp- items and this might lead to an increased 
recall at the final test for the Rp- items following retrieval of the Rp+ 
items.  

According to this explanation, Rp- items presented early in a 
category would benefit more from integration with Rp+ items than later 
Rp- items because the items in the initial category positions are the ones 
that are reactivated with the presentation of a later item. According to 
this line of reasoning, the effects of integration for the early Rp- items 
might counteract the otherwise expected greater inhibition for these 
items.  

According to M. C. Anderson, Green and McCulloch (2000), 
the effects of integration are dependent on whether the integration takes 
place between the Rp+ and Rp- items or within each of the two sets of 
items. If integration occurs within the set of Rp+ items or within the set 
of Rp- items rather than between, it should lead to an increase in the 
retrieval-induced forgetting effect. Because the benefit from integration 
should be present only at the beginning of a category, presenting all Rp- 
or all Rp+ items at the beginning of a category should lead to integration 
within the set and hence to an increase rather than a decrease in 
inhibition effects. 
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In Experiment 2, we therefore presented the Rp+ and Rp- items 
in a blocked fashion within their category to avoid integration between 
targets and competitors. In half of the practiced categories, we presented 
the three Rp- items first followed by the three Rp+ items. In the other 
half of the practiced categories the three Rp+ items were presented 
before the three Rp- items. If the failure to find stronger inhibition 
effects for the initial items was indeed caused by integration, then 
presenting the Rp- items at the beginning of a category should lead to 
especially strong retrieval-induced forgetting for the initial items 
because these not only are stronger (and hence more competitive) than 
the Rp- items from later serial positions but are also less integrated with 
the Rp+ items, compared with the standard randomized order. 
Moreover, when the Rp- items are strong, the Rp+ items are weak and 
this should increase the competition of the Rp- items even more. Hence, 
if integration is indeed a major factor, there should be an especially 
large difference between the amount of inhibition for the strong versus 
the weak Rp- items.  

2.4 Experiment 2 

2.4.1 Method 

Participants 

Fifty-one students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. All participants had Dutch as their mother tongue. The 
average age of the participants (22 male, 29 female) was 22 years (range 
18-32 years). All had normal or corrected-to-normal vision. None of the 
participants took part in the first experiment. 

Design 

In Experiment 2, two variables were manipulated within 
subjects: the retrieval-practice status and the order of presentation in the 
study phase. As in Experiment 1, the retrieval-practice status had three 
levels: Rp+, Rp- and Nrp items. The order of presentations in the study 
phase had two levels: The Rp+ items were presented first followed by 
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the Rp- items within a category, or the Rp- items were presented first 
followed by the Rp+ items during the study phase. Again, the 
counterbalancing resulted in eight study lists and four test lists that were 
used as between-subjects variables.  

Materials and procedure 

The stimuli were the same as those used in Experiment 1. 
Except for the study phase, the same constraints as in Experiment 1 
were used to construct retrieval-practice and test lists. In the study 
phase, in two of the practiced categories, the three Rp- items were 
presented first followed by the three Rp+ items; in the other two 
practiced categories, the three Rp+ items were presented first followed 
by the three Rp- items. The procedure used was identical to that used in 
Experiment 1. 

2.4.2 Results and discussion 

Retrieval-practice  

In the retrieval-practice phase, 82% of the exemplars were 
correctly completed. This rate is similar to the average rate of practiced 
items found in Experiment 1 (M=84%) and that found by M. C. 
Anderson et al. (1994; M=82%).  

Final memory test 

For each participant, we computed the number of Rp+, Rp- and 
Nrp items that were recalled. Recall percentages were analyzed with a 
repeated measures ANOVA in which retrieval-practice status was used 
as a within-subject variable and study list and test list were used as 
between-subjects variables. A significant main effect was found for 
retrieval-practice status, F(2,86) = 109.76, p<.001. A planned 
comparison revealed better recall of the Rp+ items (M = 73%) compared 
with the Nrp items (M = 45%), F(1,43) = 127.49, p<.001; and revealed 
impaired recall for Rp- items (M = 37%) compared with Nrp items (M = 
45%), F(1,43) = 16.91 p<.001. As in Experiment 1 the retrieval-based 
learning and retrieval-induced forgetting effects reported by M. C. 
Anderson et al. (1994) were replicated. 
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Serial position effects in the final memory test 

The main question of Experiment 2 was whether presenting the 
Rp- items in a blocked fashion before the Rp+ items would lead to 
greater retrieval-induced forgetting effects, compared with presenting 
the Rp- items after the Rp+ items. Figure 2.3 shows the mean recall 
percentage for each retrieval-practice condition as a function of the 
within-category serial position. As in Experiment 1, a repeated measures 
ANOVA was carried out with retrieval-practice status and serial 
position as within-subject variables and study list and test list were used 
as between-subjects variables for the Rp- and Nrp items.  

The main effect of serial position was significant, F(5,215) = 
30.36, p<.001. Recall of the items decreased as a function of position. 
The items presented in the first position were recalled best (M = 71%), 
followed by the second position (M = 41%) and the third position (M = 
32%). From the third position on the recall percentage was about the 
same (M = 28% , 29% and 33% for the fourth, fifth and sixth positions 
respectively). A planned comparison revealed a significant difference in 
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Figure 2.3. Mean recall percentage (with 95% C.I.) for the retrieval-
practice conditions as a function of serial position in a 
category in Experiment 2 
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recall between the first and the second positions, F(1,43)= 27.77, 
p<.001, and between the second and the third positions, F(1,43)=22.5, 
p<.001. From the third position on, no significant differences were 
found. These findings replicate the results found in Experiment 1. Items 
presented at the beginning of a category were recalled better than items 
in the later positions. The Retrieval-Practice Status-Serial Position 
interaction effect was not significant, F(5,215) = 1.63, p>.10. The recall 
of the Rp- items was similar to that of the Nrp items at all serial 
positions. Rp- items benefited as much from an earlier presentation 
within a category as the baseline items. 

A further comparison was carried out on the two groups of  Rp- 
items, given that  in half of the categories the Rp- items were presented 
in the first three positions (Rp- first) and in the other half of the 
categories, they were presented in the last three positions (Rp- second). 
The Nrp items were also split in half depending on their position within 
their category resulting in Nrp first and Nrp second. The results are 
shown in Figure 2.4. A repeated measures ANOVA was carried out with 
retrieval-practice status (Rp- and Nrp) and item position (first or 
second) as within-subject variables. 
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Figure 2.4. Mean recall percentage (with 95% C.I.) for the Rp- and Nrp 
items as a function of whether they were presented in the 1st or 
2nd half of the list in Experiment 2. 
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The main effect of item position was significant, F(1,43)=54.1, 
p<.001. Items presented in the first three positions were recalled better 
(M=51%) than items presented in the last three positions (M=30%). 
Retrieval-practice status was also significant, F(1,43)=16.83, p<.001. 
Nrp items (M=44%) were recalled better than Rp- items (M=37%). The 
Retrieval-Practice Status-Item Position interaction was not significant, 
F(1,43) < 1. Retrieval-induced forgetting in the first three positions 
(M=8%) was similar to that in the last three positions (M=7%). Hence, 
the Rp- items were not impaired to a greater extent when presented in 
the first three positions.  

Finally, we compared the data of the two experiments to 
determine the extent to which integration had an effect on the amount of 
retrieval-induced forgetting that was observed. In Experiment 1, 
integration would have led to a decrease in the retrieval-induced 
forgetting effect (because here Rp- and Rp+ items should have been 
integrated together) whereas in Experiment 2 integration would have led 
to an increase in retrieval-induced forgetting (because Rp-items should 
have been integrated with other Rp- items rather than with the Rp+ 
items, leading to greater interference). The magnitude of the retrieval-
induced forgetting effect was, indeed, somewhat smaller in Experiment 
1 (4%) than in Experiment 2 (8%). However, this difference was not 
statistically significant. A repeated measures analysis with retrieval-
practice status as a within-subject variable and experiment as a between-
subjects variable showed no significant Experiment-Retrieval-Practice 
Status interaction, F(2, 186) < 1. A planned comparison also showed 
that the difference between the Rp- and Nrp items was not significantly 
different in the two experiments, F(1, 93)=1.57, p>.20.  These results 
indicate that integration is unlikely to have been a major factor in the 
results of these experiments.  

2.5 Experiment 3 

In the first two experiments, we manipulated item strength by 
position of the item within its category, defining early items as strong 
and later items as weak. In the next experiment a more direct 
manipulation of item strength was used: Some of the items were 
presented once and some twice during the initial study phase. As in the 
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previous experiments, this enabled us to manipulate item strength 
independently from the particular exemplar because all items could take 
on the role of strong or weak exemplar.  

In this experiment, some of the Rp- items in the categories were 
presented twice in the original study list and were therefore studied 
better. If items in a category are studied better, they should become 
stronger exemplars of the category, at least in the context of the present 
experiment. If stronger items compete more during the retrieval-practice 
phase and, therefore, have to be inhibited to a larger degree, items 
presented twice should be more impaired on the final recall test.  

2.5.1 Method 

Participants 

Forty-one students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. All participants had Dutch as their mother tongue. The 
average age of the participants (4 male, 37 female) was 19.95 years 
(range 17-28 years). All had normal or corrected-to-normal vision. 

Design 

Two factors were manipulated within subjects: the retrieval-
practice status and the number of presentations in the study phase. As in 
the previous experiments, half of the categories were practiced and 
within these categories half of the items were practiced during the 
retrieval-practice phase (Rp+) and the other half were not practiced (Rp-
). From the remaining categories none of the items were practiced in the 
retrieval-practice phase (Nrp). The Rp- items and the corresponding Nrp 
items were presented either once or twice on the original study list 
(denoted as Rp-1, Rp-2, Nrp1, and Nrp2, respectively). The 
counterbalancing of words in the study phase and within the categories 
resulted in eight study lists. For the test phase, two types of test lists 
were constructed:  in half of the lists the practiced categories were tested 
first, in the other half the unpracticed categories were tested first.  
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Materials and procedure 

The categories were the same as those used in Experiment 1. In 
each category, two additional exemplars of medium strength were 
chosen, resulting in eight exemplars per category. The average 
taxonomic frequency in the categories was 18.48 (range 5-42, median 
16), according to Hudson’s (1982) category norms, and 16.45 (range 5-
38, median 16), according to Storms’s (2001) category norms. As in 
Experiment 1, no two items in the categories began with the same two 
letters. Item length varied between four and eight letters and between 
one and three syllables. The average length was 6.02 letters and 1.97 
syllables.  

The same constraints as in Experiment 1 were used to construct 
the study, retrieval-practice, and test lists. In the study phase, 2 items in 
each category were presented twice, resulting in 10 items per category. 
The items presented twice were half of the Rp- items and 2 matching 
Nrp items from the baseline category. Rp+ items were always presented 
once during the study phase. In total 80 experimental and 16 filler 
category-item pairs were presented on the study lists.  In the retrieval-
practice phase, 60 category-item stem pairs were presented. The 
procedure used was identical to that used in Experiment 1.  

2.5.2 Results and discussion 

Retrieval-practice  

In the retrieval-practice phase, 78% of the exemplars were 
correctly completed. This rate is somewhat lower than the rates in 
Experiments 1 and 2, probably because of the increase in list length. 

Final memory test 

For each participant, we computed the number of Rp+, Rp- and 
Nrp items that were recalled. Recall percentages for all items presented 
once were analyzed with repeated-measures ANOVAs in which 
retrieval-practice status was a within-subject variable and study list and 
test list were between-subjects variables. A significant main effect was 
found for retrieval-practice status, F(2,66) = 92.12, p<.001. A planned 



Chapter 2 

54 
 

comparison revealed better recall of Rp+ items (M = 59%) compared 
with Nrp items (M = 41%), F(1,33) = 69.59, p<.001; and revealed 
impaired recall for Rp- items (M = 30%) compared with Nrp items (M = 
41%), F(1,33) = 26.62, p<.001. The recall percentages for the Rp- and 
Nrp items were similar to the percentage for the weak items in M. C. 
Anderson et al.’s (1994) study (34.7% and 41.0% respectively).  

Effect of the Explicit Item Strength Manipulation 
The main question of Experiment 3 was whether explicit 

manipulation of item strength of the non-practiced items would affect 
the retrieval-induced forgetting effect. Instead of choosing items with 
different association strength, we presented some of the non-practiced 
items twice. A two-way within-subject ANOVA was carried out to test 
the effect of item strength. A significant main effect was found for 
retrieval-practice status, F(1,33)=22.26, p<,001. The Nrp items were 
recalled better (M = 50%) than the Rp- items (M = 41%). The main 
effect of the number of presentations in the study phase was also 
significant, F(1,33)=50.62, p<.001. Not surprisingly, items presented 
twice were recalled better (M = 55%) than items presented only once 
during the study phase (M = 36%). The Retrieval-Practice Status-
Number of Presentations interaction, however, was not significant, 
F(1,33)=1.25, p>.20. The results are shown in Figure 2.5. 
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Figure 2.5. Mean recall percentage (with 95% C.I.) for the Rp- and Nrp 
items as a function of the number of presentation in 
Experiment 3.
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Hence, the benefit from the additional presentation was the 
same for the Rp- items as for the Nrp items. These findings again 
contradict the inhibition account: Items presented twice are stored better 
and, therefore, should be more available and compete more during the 
retrieval-practice phase. If items that are more available are indeed 
suppressed more, these items should have shown more inhibition 
compared with the items presented once.  

Hence, the benefit from the additional presentation was the 
same for the Rp- items as for the Nrp items. These findings again 
contradict the inhibition account: Items presented twice are stored better 
and, therefore, should be more available and compete more during the 
retrieval-practice phase. If items that are more available are indeed 
suppressed more, these items should have shown more inhibition 
compared with the items presented once.  

2.6 General discussion 

The purpose of the present study was to investigate the effect of 
item strength in retrieval-induced forgetting. More specifically, we 
wanted to determine whether explicit manipulation of strength leads to 
larger inhibition effects, as predicted from current accounts of the 
inhibition theory of forgetting. 

To summarize the data, in all three experiments, we found 
retrieval-based learning: Practiced items were recalled better than non-
practiced items. We also found retrieval-induced forgetting: Recall of 
unpracticed items in the practiced category was impaired compared with 
recall of the baseline items. These findings replicate the standard effects 
found in studies with the retrieval-practice paradigm. In the first two 
experiments, an effect of item position within a category was found. The 
recall of items strongly depended on their position within a category. 
Items presented at study in the first two positions within a category were 
recalled better than items presented in later positions. However, no 
interaction between item strength and amount of inhibition was found. 
In the second experiment, we grouped the Rp- items to avoid integration 
between the Rp+ and Rp- items. This grouping of the items should have 
led to an even larger effect of item strength; however, it did not change 
the pattern that was found in Experiment 1. In the third experiment we 
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also found that an additional presentation of the Rp- items had no effect 
on the magnitude of the retrieval-induced forgetting effect. 

M. C. Anderson et al. (1994) argued that stronger items should 
be more inhibited than weaker items, because they compete more for 
recall during the retrieval-practice phase. To overcome this competition 
they have to be inhibited to a greater extent than weaker items. Contrary 
to the expectations based on inhibition theory, we did not observe more 
inhibition for stronger items than for weaker items in any of the three 
experiments. In summary, the present findings do not agree with the 
expectations based on the inhibition account of forgetting proposed by 
M. C. Anderson (2003) and others. 

One factor that is often put forward to explain why an expected 
inhibition effect does not occur, is the notion of integration. M. C. 
Anderson and McCulloch (1999) argued that integration can eliminate 
retrieval-induced forgetting. The lack of impaired recall in the first two 
positions observed in the first experiment might be explained by the 
integration of the early Rp- and later Rp+ items. Under the assumption 
that the increased recall of the items in the initial serial positions is due 
to reactivation of those items by the presentation of later items 
(including later Rp+ items), the early Rp- items would benefit more 
from integration with Rp+ items and this might counteract the predicted 
greater inhibition for the early Rp- items.  

However the integration explanation holds only for Experiment 
1. Here Rp+ and Rp- items were presented in an alternating order within 
a category. In Experiment 2, however, we grouped the Rp- items, 
presenting these either in the first half of the category or in the second 
half. If integration was the main reason for the failure to obtain the 
predicted effects in Experiment 1, then grouping the Rp- items at the 
beginning of a category should have led to especially strong inhibition 
effects. Integration would then have occurred primarily between the Rp- 
items; therefore they could not have benefited any more from the 
practice of the Rp+ items. Moreover if integration did occur, the 
inhibition for the early Rp- items should have been even stronger in 
Experiment 2, because integration took place between items belonging 
to a similar condition: Rp- items should have been integrated with Rp- 
items and Rp+ items with Rp+ items.  To put it differently, integration 
in this case should have led to competitor-competitor similarity. 



The role of item strength in RIF 

57 
 

According to M. C. Anderson, Green and McCulloch (2000), increasing 
competitor-competitor similarity should have led to larger retrieval-
induced forgetting. Because the integrated Rp- items at the beginning of 
a category were stronger competitors, they should have shown more 
inhibition than integrated Rp- items in the later positions of a category. 
However, we found that retrieval-induced forgetting was similar for Rp- 
items at the beginning and at the later positions within a category.   

A similar argument based on integration could be advanced to 
explain the results of our third experiment. M. C. Anderson and 
McCulloch (1999) demonstrated that presenting the study list twice 
increases spontaneous integration, hence reducing retrieval-induced 
forgetting. M. C. Anderson and McCulloch, however, repeated the 
whole list twice, whereas we presented only two Rp- items twice out of 
the eight items in a category. Because a tendency to integrate the two 
repeated Rp- items would increase rather than decrease the inhibition 
effect, integration could be a valid explanation for our results only if all 
items in a category were integrated together. Only in this case could the 
Rp- item benefit from the recall of the Rp+ items.  

We could demonstrate whether Rp+ and Rp-2 items were 
integrated by examining the output order of the Rp+ and Rp- items in 
the two conditions.  If Rp+ items were more frequently followed by an 
Rp-2 item than by an Rp-1 item, then Rp-2 items could have benefited 
from integration with the Rp+ items. In contrast to this we found that 
the conditional probability that an Rp-2 item was immediately preceded 
by an Rp+ item (65%) was lower than the conditional probability that an 
Rp-1 item was preceded by an Rp+ item (74%); this was conditional on 
the item being recalled and there being at least one other item in the 
output sequence before the Rp-2 or Rp-1 item respectively. Another 
reason to believe that our pattern was not due to integration comes from 
an experiment by Jakab and Raaijmakers (2010). In this experiment we 
manipulated only the strength of the Rp+ items. We found more 
retrieval-induced forgetting when the Rp+ items were presented twice 
than when they were presented once. If indeed only partially repeating 
items during the study phase leads to integration of the whole category 
then the opposite pattern should have been found,( i.e. less inhibition for 
Rp- items when the Rp+ items were repeated in the study phase). 
Finally, it should be noted that in the present experiment with some 
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items repeated, there was a clear overall retrieval-induced forgetting 
effect, again making it unlikely that there was a major overall effect of 
integration. In summary, it is questionable whether the integration 
argument could provide an alternative explanation for the results of our 
third experiment, making it compatible with the inhibition account of 
forgetting.  

A further objection to the present experiments might be that our 
strength manipulation was not a valid test for the effect of item strength 
on retrieval-induced forgetting. M. C. Anderson et al. (1994) varied 
item strength by taxonomic frequency, whereas the present study 
manipulated serial position of the items and the number of presentations 
during the study phase. It would not be correct, however, to claim that 
the only valid manipulation of item strength is through the variation of 
taxonomic frequency. The purpose of the item strength manipulation in 
these experiments is to increase (or decrease) the probability of non-
target item activation during the retrieval of the target item given a 
common cue. To check that our strength manipulation did lead to an 
increase in the probability of activating the stronger items when the 
category cue was presented, we analyzed the output order of the Nrp 
items on the test phase in the first experiment. As mentioned earlier, we 
found that the conditional probability that an item presented in the first 
position during the study phase was recalled as the first item in the test 
phase (given that it was recalled) was 64%. There is no reason to expect 
a different pattern for the Rp- items during the retrieval-practice phase, ( 
i.e. more and earlier activation of initial items and hence more 
interference).  

There is probably less reason to question the validity of the 
strength manipulation in our third experiment, because in other 
experiments by inhibition proponents, such as those testing the list 
strength effect, similar manipulations have been used to vary item 
strength. Even if there is no doubt that repeatedly studying an item leads 
to stronger cue-item associations, it might be argued that studying an 
item once does not really lead to a weak level of strength but rather 
leads to a moderate level of strength. Bäuml (1998), for example, 
demonstrated in his experiment that strong and moderate items show the 
same amount of forgetting. Consequently, the lack of difference in 
retrieval-induced forgetting in our two conditions might have been due 
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to the fact that our weak items were not weak enough. This argument, 
however, can be rejected on the basis of our baseline data. The recall of 
once-presented Nrp items was 41%, which is the same as the recall that 
M. C. Anderson et al. (1994) obtained for weak items; the recall of the 
twice-presented Nrp items was 58%, which is 2% higher than that of 
their strong items (56%). Consequently, such an argument cannot be 
used to explain the lack of a strength effect in the present experiments. 
In summary, the argument that our strength manipulations would not be 
appropriate for testing the inhibition account of forgetting does not 
appear to be a valid one. 

Finally, one might argue that our experiments failed to 
demonstrate the inadequacy of the inhibition account because we 
obtained only a null-effect, showing no effect of strength, rather than a 
reversed effect. Even disregarding the obvious problem that an 
alternative theory, one not based on inhibition, would not necessarily 
predict a reversed effect, the strength of such an argument is also 
reduced by taking a broader (some might argue more correct) 
perspective on null hypothesis testing. For example, within a Bayesian 
approach to hypothesis testing, a comparison would be made between 
the relative likelihoods of the null and alternative hypotheses given the 
present data. A Bayesian analysis using the procedures described by 
Glover and Dixon (2004; see also Wagenmakers, 2007) leads to the 
conclusion that, in Experiment 3, the null hypothesis is 6.4 times more 
likely than the alternative hypothesis (a similar value was obtained with 
the method described by Rouder, Speckman, Sun, Morey, & Iverson, 
2009)4. Note that this is even a conservative estimate because it is based 
on a two-sided t-test. Even if one is not convinced of the validity of such 
a Bayesian approach, it is still informative to note that if one assumes 
that the inhibition account should predict at least a 5% difference in the 
retrieval-induced forgetting effect for strong versus weak items (a 
conservative estimate based on the work of M. C. Anderson et al, 1994), 
the inhibition hypothesis significantly deviates from the observed data 
in Experiment 3 (t(40)= –1.84, p=.036). Note that in this analysis the 

                                                      
4 This computation was based on the Bayes Factor Calculator which may be 
found on http://pcl.missouri.edu/bayesfactor. 
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inhibition prediction of a 5% difference becomes the null hypothesis, 
eliminating the problem of accepting the null hypothesis. 

M. C. Anderson (2003, 2005) used the item strength 
manipulation to support a basic property of the inhibition theory: the 
assumption of interference-dependence. M. C. Anderson claimed that 
retrieval-induced forgetting arises only if related memories interfere 
during the retrieval of the target. Because strong items are more likely to 
compete for recall, they are more likely to be inhibited; therefore, in the 
present experiments, more impairment should have been found for the 
stronger items. Thus, the present experiments add to a growing number 
of results (Major et al., 2008; Williams & Zacks, 2001) that do not 
support the interference-dependence property of the inhibitory account.  

As we argued in the introductory section, a reasonable 
prediction of competitive retrieval explanations of forgetting is that the 
retrieval-induced forgetting effect should be approximately independent 
of the strength of the Rp- items. The present results are clearly in line 
with this prediction. The conclusion reached by proponents of the 
inhibition account that retrieval success in recall tasks is not affected by 
competition from other associations (e.g., M. C. Anderson, 2003) 
therefore seems premature. Such a conclusion is also somewhat 
paradoxical given that competition by other items provides the main 
rationale for inhibition to occur during retrieval-practice: Without 
competition there would be no need for suppression of those other 
items.  

Although the present results are in line with the competitive 
retrieval account of forgetting, such an account would still have to 
provide an explanation for those findings that do show strength-
dependent retrieval-induced forgetting effects (M. C. Anderson et al., 
1994; Bäuml, 1998; Storm et al., 2007). Of these experiments, the one 
by M. C. Anderson et al. (1994) comes closest to the present 
experiments. We do not have a ready explanation for why M. C. 
Anderson et al. did not find a retrieval-induced forgetting effect for their 
weak category exemplars. Perfect et al. (2004) noted that in a 
subsequent experiment M. C. Anderson and Spellman (1995) did find a 
substantial retrieval-induced forgetting effect with category members 
that also would have to be classified as weak. Given that Williams and 
Zacks (2001) in their replication of M. C. Anderson et al.’s experiment 
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also obtained a significant retrieval-induced forgetting effect for the 
weak category members, we are inclined to conclude that M. C. 
Anderson et al.’s result may have been a chance result. 

The present finding of strong within-category serial position 
effects may also provide an explanation for why Dodd et al. (2006) 
found a retrieval-induced forgetting effect only when the items in the 
different conditions were presented in a random order but found no 
retrieval-induced forgetting effect when the items were grouped within 
the study list in such a way that the Rp- items were presented earlier in 
the list. In such a design, the Rp- items benefit more from the primacy 
effects and, therefore, show better recall than the Nrp items (because 
performance on these items is the average over all serial positions). 
Dodd et al. proposed strategy disruption (Basden & Basden, 1995; 
Basden, Basden, & Galloway, 1977) as a possible account for these 
findings. If, indeed, Rp- items benefited from encoding strategies, then 
subgrouped Rp- items presented later in a list should also show a similar 
pattern. The arrangement of our data was similar to that of Dodd et al. 
(in their experiments they did not match the serial positions of the Nrp 
items and the Rp- items.) Comparing the recall of all Nrp items 
(M=45%) with the first half of the Rp- items (M=47%), provides no 
evidence for retrieval-induced forgetting (M=-2%).   However, 
comparing the later presented Rp- items (M=27%) with the recall of all 
Nrp items (M=45%), a large retrieval-induced forgetting effect is 
observed (M=18%). We may therefore conclude that the serial position 
effect is a better explanation of Dodd et al.’s findings than their strategy 
disruption account.  

The effect of serial position is, of course, not unique to the 
experiment of Dodd et al.(2006) and the first two experiments of this 
article. In all experiments using the retrieval-practice paradigm, similar 
effects are likely to be present. The only difference between our first 
two experiments and other experiments using this paradigm is that we 
explicitly controlled the positions of items within a category. In the 
retrieval-practice paradigm the practiced category always consists of 
items from two conditions: practiced and non-practiced items. In the 
study list the positions of the Rp+ and Rp- items within a category are 
chosen randomly. Therefore it is possible that more or fewer Rp- items 
are presented in the earlier positions within a category. If serial position 
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has such a large impact on recall, the exact positioning of the items 
could strongly influence the retrieval-induced forgetting effect found in 
these experiments. This may be demonstrated by rearranging the data of 
our first experiment. If the Rp- items take the first, third and fifth 
positions in a category no retrieval-induced forgetting would be found 
(M=-0.3%); however if the Rp- items take the second, third, and fifth 
positions in a category, it would result in a relatively large retrieval-
induced forgetting effect (M=9%). Therefore, our finding of strong 
within-category serial position effects implies that researchers using the 
retrieval-practice paradigm should carefully control the serial positions 
of Rp+ and Rp- items, or they should match these items with the 
corresponding Nrp items in terms of position within a category. Even 
slight imbalances due to random or quasi-random placement of the 
items without exact counterbalancing may have a noticeable effect on 
the difference between the Rp- and the Nrp items and hence on the 
retrieval-induced forgetting effect.  

2.7 Conclusion 

The present study investigated the role of item strength in 
retrieval-induced forgetting. The pattern of results does not agree with 
the expectations of an inhibitory account. Given that interference-
dependence is a fundamental assumption of the inhibition theory, the 
present results pose a serious problem for the inhibition account of 
forgetting. 
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3 Is retrieval-induced forgetting an 
inhibitory process? 

 
 

Abstract 
M. C. Anderson, Bjork and Bjork (1994) proposed an inhibitory 

explanation for the retrieval-induced forgetting phenomenon. The basic idea 
behind this account is that during the recall of a target item related, but 
irrelevant items, are also activated hence competing for recall. To control this 
competition these non-target items are inhibited leading to impaired recall later 
on. In the present study we focused on this competition/inhibition mechanism. 
We presented non-target items subliminally just before the recall of target item 
in order to trigger greater competition of the non-target items. Since greater 
competition leads to greater inhibition according to the inhibition theory, these 
subliminally presented items should have been impaired to a greater degree 
than items not presented subliminally. In the present experiments we did not 
find such a pattern: the recall of the non-target items were similar in both 
conditions hence no evidence was found for an inhibitory process. 

 

 
 

3.1 Introduction 

The impaired recall of information that is caused by the practice 
of other information related to the same cue is referred as retrieval-
induced forgetting (e.g. M. C. Anderson, Bjork & Bjork, 1994; M. C. 
Anderson 2003). This type of forgetting (interference) is often explained 
by strength-based models for retrieval (J. R. Anderson, 1983a, 1983b; 
Mensink & Raaijmakers, 1988). These models claim that when certain 
information is recalled given a particular cue, the association between 
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this information and the cue is strengthened. Strengthening a cue-item 
association in turn decreases the relative strength of the association 
between the cue and other items. Hence when the cue is presented again 
on a later memory test, the strengthened information blocks the recall of 
the related, but not practiced information.  

Since the early nineties an alternative explanation has been 
given for retrieval-induced forgetting, an explanation that rejected the 
importance of the associative strength between cue and item, and 
attributed the effect to inhibitory processes (e. g. M. C. Anderson et al. 
1994). According to the inhibitory account, during the recall of a 
specific item other information that is related to the cue is also activated 
and competes for recall. To overcome the competition the interfering 
information has to be inhibited. This inhibition is relatively long lasting 
resulting in the impaired recall of the inhibited information on a later 
test. 

The most frequently used paradigm to investigate retrieval-
induced forgetting is the retrieval practice paradigm. This paradigm 
consists of three phases. In the first, study phase, participants learn a list 
of category-item pairs where each category consists of several items. In 
the second, retrieval-practice phase, half of the items from half of the 
categories are practiced. After a distraction task the test phase is given 
in which all the items from all the categories have to be recalled. 
Retrieval-induced forgetting is measured by comparing the recall of the 
non-practiced items in the practiced categories (Rp- items) with the 
recall of the non-practiced items in the non-practiced categories (Nrp 
items). The lower recall of the Rp- items compared to the recall of the 
Nrp items is referred to as the retrieval-induced forgetting, since it is the 
retrieval of the practiced (Rp+) items that induces the forgetting of the 
Rp- items. 

The basic retrieval-induced forgetting effect obtained in the 
retrieval practice paradigm can be explained both by strengthening of 
cue-item associations and by inhibitory processes. M. C. Anderson and 
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his colleagues (1994), however, claimed that certain findings, obtained 
in this paradigm, are inconsistent with the predictions of strength-based 
models, and can only be explained by inhibitory processes. In a series of 
experiments M. C. Anderson et al. manipulated item strength by using 
items with high (strong items) and low (weak items) taxonomic 
frequencies. They found greater impairment for strong Rp- items than 
for weak Rp- items. According to their reasoning strong Rp- items 
compete more during retrieval of the Rp+ items compare to weak Rp- 
items, hence more inhibition is needed to overcome this competition. 
This greater inhibition in turn leads to greater impairment later on. 
Moreover they argued that the strength-based models could not explain 
this result, because these models predict the opposite pattern, i.e. the 
decrease should be larger for weak Rp- items than for strong Rp- items.5 
The assumption that the degree of retrieval-induced forgetting depends 
on the strength of the non-practiced items is called interference-
dependence.  

Studies on the interference-dependence property of the 
inhibitory account have obtained both results supporting this hypothesis 
and results rejecting it. Bäuml (1998) for instance, investigated the 
effect of item strength in output interference. In his study participants 
learned a list of words containing strong and moderate, or weak and 
moderate items. In the test phase, the recall order of the items was 
determined by their strength: Strong or weak items were recalled before 
the moderate items or vice versa. He found impaired recall for the 
strong items when they were tested after the moderate items. On the 
other hand weak items were not affected by the testing positions. Bäuml 
argued that strong items competed to a greater extent than weak items 
during moderate item recall, and therefore they were inhibited to a 
greater degree, which in turn resulted in impaired recall. This result thus 
follows the pattern expected by the interference-dependence 

                                                      
5 Actually, the status of this prediction is a bit unclear (see Jakab & 
Raaijmakers, 2009, p. 608).  
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assumption. Storm, Bjork and Bjork (2007) found further support for 
interference-dependence. In an experiment they combined the retrieval 
practice paradigm with the directed forgetting procedure. After learning 
a list of category-item pairs, participants were instructed to remember or 
to forget the pairs they had just learned. Storm et al. found retrieval-
induced forgetting in the remember condition, but no effects in the 
forget condition. They reasoned that in the remember condition the non-
target items were more activated and thus competed to a greater extent, 
which in turn resulted in greater impairment. Again the strength of the 
non-target item seemed to influence the amount of inhibition. 

Contrary to the above-mentioned experiments, other studies 
found no evidence for interference-dependence. Williams and Zacks 
(2001) replicated the experiment of M. C. Anderson et al (1994), and 
found the same amount of impairment for weak and strong items. 
Furthermore Major, Camp and MacLeod (2008) manipulated item 
strength by generating or reading the category-item pairs during the 
study phase. They argued that generating an item should lead to a 
stronger association between cue and target. Indeed, items on average 
were better recalled in the generate condition than in the read condition. 
Retrieval-induced forgetting, however, was similar in both conditions. 
Finally, the results of Jakab & Raaijmakers (2009) also contradicted the 
interference-dependence assumption. We used the standard retrieval 
practice paradigm, and manipulated item strength by varying the 
positions of the Rp+ and Rp- items within their category in the study 
phase. It was predicted that Rp- items that are presented earlier in a 
category will form stronger associations with the cue and therefore 
should interfere more with the Rp+ items during practice, which in turn 
should lead to greater impairment of the Rp- items in the test phase. Our 
results, however, did not support such an assumption. Although we did 
find the expected within category serial position effects for both the 
baseline items and the Rp- items, the amount of inhibition did not 
depend on the position of the item and was similar in all positions. The 
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last experiment of Jakab and Raaijmakers showed a similar pattern. In 
this experiment Rp- items were strengthened by being presented twice 
during the study phase. Again the amount of retrieval-induced forgetting 
was similar for weak and strong items.  

In summary, the results of the above-described studies on the 
interference-dependence assumption are ambiguous. The kind of 
manipulation used to vary item strength does not account for these 
conflicting results. Both implicit and explicit manipulations of item 
strength have led to either support or rejection of the hypothesis.  

3.2 Present study 

The aim of the present study was to investigate the interference-
dependence assumption more closely by focusing on the process of 
inhibition during the practice of the target items. We presented a non-
target item subliminally just before the recall of a target item in order to 
trigger greater competition by the non-target items. Since greater 
competition leads to greater inhibition according to the inhibition 
theory, these subliminally presented non-target items should be 
impaired to a greater degree than non-target items that were not 
presented subliminally. For our manipulation it was essential that the 
subliminal presentation of the non-target item leads to semantic 
activation, since only in this case can we expect an increase in 
competition. Therefore the aim of Experiment 1 was to investigate 
whether subliminally presenting an item indeed leads to its semantic 
activation. There is ample evidence in the masked repetition priming 
literature that presenting an item twice in succession speeds up the 
recognition of the item in the second presentation (e.g. Scarborough, 
Cortese & Scarborough, 1977; Evett & Humphreys, 1981; Jacoby & 
Dallas, 1981; Forster & Davis, 1984; Tenpenny, 1995). Similar results 
were found using a word-stem completion task. When an item was 
presented subliminally before the target word-stem, the probability 
increased that the word-stem was completed with this subliminally 
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presented word (e.g. Forster, Booker, Schacter & Davis, 1990; Debner 
& Jacoby, 1994; Merikle, Joordens & Stolz, 1995). In Experiment 1 we 
also used masked repetition priming in word stem completion. The 
present experiment, however, differed from the previous priming studies 
in two aspects. First, in previous studies on word stem completion the 
stimuli consisted of a list of unrelated words. In the present experiment 
sets of words were used that belonged to several categories. Second, in 
the previous studies participants were provided only with the first letters 
of the target (e.g., prime: “elastic”, target:  “ela__”); in our experiment 
the category name was also added (e. g., prime: ‘apple”, target: “FRUIT 
–ap___”) to maintain the similarity with the retrieval-practice phase of 
the retrieval practice paradigm (M. C. Anderson et al., 1994). In 
summary, our first experiment examined whether masked priming 
improves the performance on a word completion task when the category 
to which the item belongs is also provided. Moreover we also examined 
whether the priming effects, if indeed present, are due to the activation 
of semantic or perceptual representations of the items.  

Three types of prime-target combinations were created. In the 
Same condition the target trial (e.g. “FRUIT – ap___”) was preceded by 
the target item itself (e. g., “apple”); in the Same-in-Capitals condition 
the target was also preceded by the target item, but now the target item 
was presented in capitals (e.g., “APPLE”).  This condition was 
constructed to investigate whether the priming effects are based on a 
lexical-semantic contribution or due to the orthographic properties of 
the prime. Blaxton (1989) found that perceptually driven tasks are 
influenced by the switch of typography between study and test phase, 
but that conceptually driven tasks are not affected by such a change. 
Therefore any differences between the two experimental conditions 
would suggest the influence of perceptual processes. In the third 
condition the target was preceded by an unrelated word (e. g., bike). 
This condition denoted as the Unrelated condition was used as the 
baseline. We compared the Same with the Unrelated condition to 
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investigate whether presenting the target item subliminally before the 
presentation of the category-stem pair increases the likelihood that the 
word stem will be completed with the primed item. If target items are 
indeed recalled better in the Same condition than in the Unrelated 
condition, it demonstrates that the subliminal priming activates (some 
representation of) the target item. Furthermore we compared the Same-
in-Capitals condition with the Unrelated condition to determine if 
indeed the semantic representation of the target item was activated, 
facilitating its retrieval in the category-stem completion task. If priming 
effects are only found in the Same condition but not in the Same-in-
Capitals condition then we must conclude that the priming was purely 
perceptual and that the semantic representation was not activated at all 
by the prime. Finally we compared the Same and the Same-in-Capitals 
priming conditions to investigate whether perceptual similarity 
influences the priming effects in general. If a difference is observed we 
will present the primes in capitals in further experiments to minimize 
effects of the perceptual representation. 

We used three prime durations (40, 50 and 60 ms) in order to 
determine the optimal presentation time for the primes, i.e. the duration 
time with the most activation of the prime without conscious awareness.  

3.3 Experiment 1 

3.3.1 Method 

Participants 

Twenty-seven 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 14 female) 
was 22.29 years (SD=4.4). All had normal or corrected to normal vision. 
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Design 

Two factors were manipulated within subjects: The type of the 
prime and the duration of prime. Prime type had three levels: In the 
Same condition the target item was presented in lower case letters (e.g., 
“apple”); in the Same-in-Capitals condition the target item was 
presented in capitals (e.g., “APPLE’) in the Unrelated condition an 
unrelated item was presented as the prime (e.g., “bike”). Prime duration 
also had three levels: the primes were presented for 40, 50 or 60 
milliseconds. The counterbalancing of the items in the different 
conditions resulted in nine lists.  

Materials 

 Category and exemplar selection 

Categories were selected from the Storms (2001) and from the 
Camp, Jakab and Raaijmakers (2010) category norms. Seven 
experimental categories (insects, music instruments, body parts, sports, 
vehicles, weapons, illnesses) were selected from the Storms norms, and 
ten categories (flowers, trees, animals, drinks, clothing, metals, 
furniture, herbs, fish and birds) were selected from the Camp et al 
norms. Another three categories (precious stone, tools, unit of time) 
were used as fillers. All category names were unambiguous, had a 
length of one word and at most three syllables. We chose categories 
with similar taxonomic frequency distributions. 

Eight exemplars were chosen from 16 categories, and seven 
exemplars from one category. A total of 135 items were selected of high 
and moderate taxonomic frequency. The average taxonomic frequency 
was 15.6 (range 4-30, median 16) for the categories that were drawn 
from Storms’ (2001) category norms, and 13.75 (range 3-42, median 
12.5) for the categories drawn from Camp et al.’s (2010) category 
norms. Each item within a category had a unique initial-two-letters stem 
in order to avoid interference between items. The length of the items 
was between four and eight letters (average 5.58).  
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 List construction 

The words from the fifteen categories were subdivided into 9 
sets. Each set consisted of one or two items from a category. All the 9 
sets of target items were used in a list. Prime type was manipulated by 
presenting three sets in the Same condition, three sets in the Same-in-
Capitals condition and three sets in the Unrelated condition. In the Same 
condition the target item was presented as a prime just before the 
presentation of the category-stem pair; in the Same-in-Capitals 
condition the target item was again presented but in upper case letters; 
in the Unrelated condition the targets were primed with one of the items 
from the filler category. Within one prime type condition the three sets 
were presented 40, 50 or 60 milliseconds. The counterbalancing of the 
sets resulted in nine lists. The lists were randomized for each participant 
individually during the experiment.  

 

 

 

Figure 1. The sequence of displays of trials for presenting items 
subliminally in all experiments 

 
 

 
+ 

 
 

 
%&@#%& 

 
prime 

 
CATEGORY – ta_ 

Blank 
500 ms

Fixation 
1000 ms

Blank 
500 ms

Mask 
70 ms

Prime 
40/50/60 ms

Target 
10 s



Chapter 3 

72 
 

Procedure 

The experiment was programmed in E-prime (Schneider, 
Eschman, and Zuccolotto, 2002). Participants were tested individually 
on a Pentium G3 computer. They were seated in front of the computer 
and were instructed to read the instructions on the computer screen. 
After reading the instructions participants pressed the space bar to start 
the experiment. Each trial began with a blank screen for 500 ms after 
which a plus sign was presented in the middle of the screen for 1000 ms, 
followed by another blank screen for 500 ms. After the blank screen the 
mask was presented for 70 ms. The masks were generated using 
symbols (e.g., $%&@%$@#@&$#) and each mask was 12 characters 
long. On each trial a different mask was presented. The mask was 
followed by the prime for 40, 50 or 60 ms. Immediately after the prime 
the target was presented, thus masking the prime. Participants had 10 s 
to complete the word. After completing the target, participants pressed 
enter and the next trial was presented. Figure 1 shows the typical 
sequence on each trial. The task took 20 minutes. After the experiment 
participants were asked to fill in an exit interview by which we 
investigated whether participants were aware of the subliminal primes 
during the word-stem completion task. 

3.3.2 Results and discussion 

Before the analysis the data of each participant was checked for 
spelling. Typical spelling mistakes were corrected and items missing 
one letter were completed. The average completion percentage was 
computed for each participant in the nine conditions based on the 
corrected data set. The same procedure was applied in the subsequent 
experiments before analyzing the data. Completion percentages were 
analyzed using a repeated measures analysis of variance (ANOVA) in 
which prime type and prime duration were used as within-subject 
factors. An alpha level of .05 was used for all statistical tests.  
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Table 1 shows the mean completion percentage for each 

condition. A significant main effect was found for prime type, 
F(2,36)=26.78, p<.001. A planned comparison revealed improved 
completion percentage in the Same condition (M = 64%) compared with 
the Unrelated condition (M = 50%), F(1,18)=35.35, p<.001, and a 
similar pattern was obtained for the Same-in-Capitals condition (M = 
63%) compared with the Unrelated condition (M = 50%), 
F(1,18)=43.83, p<.001. The two experimental conditions, Same (M = 
64%) and Same-in-Capitals (M = 63%), did not differ significantly, 
F(1,18)<1. The main effect of the prime duration was also significant, 
F(2,36)=5.23, p=.010. A planned comparison showed higher completion 
from 50 ms (M = 58%) to 60 ms (M = 62%), F(1,18)=5.21, p=.035, and 
from 40 ms (M = 56%) to 60 ms (M = 62%), F(1,18)=4.95, p=.003; but 
there were no differences between 40 ms (M = 56%) and 50 ms (M = 
58%), F(1,18)<1. The Prime Type-Prime Duration interaction was not 
significant, F(4,72)=1.39, p=.25. 

The observed data pattern indicates that subliminal priming of a 
word improves performance on a subsequent word completion task, 
hence replicating the pattern found in other experiments using repetition 

 Prime Type 

Prime 

Duration

Same Same-in-Capitals Baseline 

M SE M SE M SE 

40 ms .61 .03 .60 .03 .49 .03 

50 ms .60 .03 .64 .03 .51 .03 

60 ms .71 .03 .67 .02 .49 .03 

Table 1. Mean recall rates for target items as a function of prime type and 
prime duration in Experiment 1 
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priming in word stem completion (e. g. Forster et al. 1990; Debner & 
Jacoby, 1994; Merikle et al., 1995). Moreover the repetition priming 
effects were caused by the activation of the semantic representation of 
the items, since switching the typography from uppercase primes to 
lower case targets did not affect the amount of priming.  

Finally, the highest completion rates were obtained when the 
prime was presented for 60 ms. There are two sources of evidence for 
the assumption that primes were not consciously visible. First, in the 
exit-interview, none of the participants reported seeing the prime words. 
Second, the recall percentages in the Same (M = 71%) and the Same-in-
Capitals (M = 67%) conditions were far from ceiling. In summary, the 
present results prove that subliminal presentation activates semantic 
representations, which in turn affects the performance in the word stem 
completion task. Therefore this method is a suitable one for the main 
purpose of the subsequent experiments, which is to activate non-target 
items in a retrieval practice task just before the retrieval of the target 
words.  

3.4 Experiment 2 

As previously stated, the purpose of the present experiment was 
to investigate the hypothesis that competition and in turn inhibition of 
non-target items during retrieval practice of the target item is the cause 
for retrieval-induced forgetting. In Experiment ,1 we developed a 
procedure to trigger the subliminal activation of semantic representation 
of words. In Experiment 2, we added an extra condition in which the 
prime words were related to the target. Similarly to Experiment 1, 
subliminal presentation should activate semantic representation of the 
prime, but, from an inhibition hypothesis, in the newly added condition, 
this activation should not lead to positive effects on target item retrieval. 
Rather it should lead to impaired recall for the activated non-target 
items on a later memory test. According to the interference-dependence 
property of the inhibitory account stronger items are inhibited more than 
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weaker items, because they are competing more during retrieval of the 
target item. This greater competition is caused by greater activation of 
these items. Similarly subliminal presentation also leads to greater 
activation, and since related items are used as primes, it should also lead 
to greater competition. This greater competition, in turn, should result in 
greater inhibition and thus in impaired recall. 

The method employed in the second experiment was based on 
the retrieval practice paradigm developed by M. C. Anderson et al. 
(1994). It was an extended version of the task we used in our first 
experiment. We changed five aspects of the procedure that was 
introduced in Experiment 1. First, we eliminated the Same-in-Capitals 
condition and replaced it with a new condition (Related) where a related 
item (e.g. “pear”) was presented just before the target appeared (e.g. 
“FRUIT – ap___”). Since there were no differences found between the 
Same and Same-in-Capitals conditions, using both conditions was 
redundant. We kept the Same condition in order to be able to check 
whether subliminal priming still occurs, and the Unrelated condition for 
comparisons. This resulted in three Prime conditions: Same, Related and 
Unrelated.  

Second, we used one prime duration only: In the second 
experiment all primes were presented for 60 ms. This presentation time 
led to the largest priming effect in Experiment 1, while still keeping the 
primes subliminal.  

Third, in order to measure inhibition of the non-target item an 
extra test phase was introduced, resulting in two phases in the 
experiment. In the first phase, from now on termed the study phase, 
participants carried out the same task as in Experiment 1. They were 
presented with a category-plus-first-two-letters-stem (e.g. “FRUIT – 
ap___”) that they had to complete. The target trial was preceded by a 
same (e.g. “apple”), a related (e.g. “pear”) or an unrelated, baseline, 
(e.g. “bike”) prime. After completing all the items in the study phase a 
test phase followed. The test phase was similar to the study phase: 
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Participants had to complete a category-plus-first-two-letters-stem. But 
now the items that had to be completed were the related items that 
served as a prime in the study phase (e.g. “FRUIT – pe__”) in the 
Related condition. In the other two conditions (Same and Unrelated) the 
related words were new items. There were no primes presented during 
the test phase, instead a string of X’s was presented to make the task 
visually comparable to the initial study phase. Figure 2 shows the type 
of prime and target in the study and the test phase in the three different 
conditions. Since the related items were only presented in the Related 
condition in the study phase, any differences in the recall of these items 
between the Unrelated and Related conditions in the test phase should 
derive from the subliminal presentation during the study phase. If 
indeed competition during the study phase leads to inhibition, then the 
performance in the test phase should be lower in the Related than in the  
Unrelated condition.  

 

 

Figure 2. An example of primes and targets in the Study and Test phase 
for Experiment 2, 3 and 4  

Study phase 

Test phase 

 
XXXXX 

 
FRUIT - pe 

 
apple 

 
FRUIT - ap 

Same 
condition 

 
XXXXX 

 
FRUIT - pe 

 
peer 

 
FRUIT - ap 

Related 
condition 

 
XXXXX 

 
FRUIT - pe 

 
bike 

 
FRUIT - ap 

Baseline 
condition 
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Before we can draw any conclusion from the above described 
comparison, we need to make one further change in the procedure. In 
order to be able to compare the different conditions in the test phase, we 
have to make sure that the target items in the study phase in all 
conditions are learned to the same level. In Experiment 1, we concluded 
that presenting the prime influences the recall of target item leading to 
better recall in the Same condition. Consequently, we have to take into 
account that our related prime might also have an effect on the target 
word completion. There is evidence in the priming literature that 
presenting a related prime before a word fragment influences its 
completion (e.g. Schütz, Schendzielarz, Zwitserlood & Vorberg, 2007). 
If indeed in our experiment a similar effect occurs then the target item 
completion rate will be different in the Related and the Unrelated 
conditions in the study phase. This provides a problem in the 
comparison of the recall of the related items in the two conditions in the 
test phase. The reason is that different recall rates in the test phase could 
also be due to the different amount of interference from the target item 
that was practiced in the study phase. If target items in the study phase 
are recalled better/worse in the Related conditions then they interfere 
more/less in the test phase during the recall of the related item. To solve 
this problem a following change was made in the original procedure. 
Participants carried out the study phase three times in succession. After 
a target item had been completed on the second cycle, participants were 
also given the correct feedback. The third cycle of the study phase was 
introduced to verify whether presenting the correct answer in the second 
cycle indeed helped to equalize performance in the different conditions. 

Finally, we added an extra measure for the inhibitory process. 
In addition to measuring completion rates we also collected data on 
reaction times. Measuring reaction times provided additional 
information on the inhibitory mechanism in two ways: first, competition 
of the related item during target item completion might slow down 
target item retrieval compared to unrelated items (M. C. Anderson, 
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2003; Shivde & M. C. Anderson, 2001); second, it is possible that 
inhibition manifests itself by slowing down the retrieval of the related 
items instead of impairing the success of retrieval (Shivde & M. C. 
Anderson, 2001). We measured reaction time in both the study and the 
test phases. We would expect slower, and probably reduced, target item 
completion when targets are primed with a related item in the study 
phase; and slower retrieval of the inhibited related items in the test 
phase. Reaction times were measured as the time from target 
presentation until the first letter key was pressed during completion.  

In summary, the second experiment aimed to investigate 
whether triggering the related items leads to competition and in turn to 
inhibition of these items resulting in impaired retrieval in a later test 
phase. Moreover, we attempted to capture this inhibitory mechanism 
during the study phase by examining whether it impairs and/or slows 
down target item retrieval.  

3.4.1 Method 

Participants 

Forty-four students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. The average age of the participants (14 male 30 female) was 
20.65 years (SD=3.4). All had normal or corrected to normal vision. 
None of the students participated in the first experiment. 

Design  

The prime type was manipulated within subjects, and had three 
levels. Similarly to the previous experiment, in the Same condition the 
target item itself was presented as a prime (e.g., “apple” when the item 
was “FRUIT – ap___”); in the Unrelated condition an unrelated prime 
was presented (e.g., “bike’). The third condition was different from 
Experiment 1. In this Related condition an item was presented that was 
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related to the target item (e.g., “pear”). The counterbalancing of the 
items in the different conditions resulted in six lists.  

Materials 

 Category and exemplar selection 

Fifteen out of the seventeen categories of the first experiment 
were used. Two categories (animals and clothing) were omitted in the 
second experiment. The number of items per category was also reduced 
from eight to six items. Another 5 categories (profession, family 
member, tool, color and unit of time) were used for the unrelated items. 
In total 90 experimental items and 15 unrelated filler items were 
selected with high and moderate taxonomic frequency. The average 
taxonomic frequency was 15.26 (range 5-28, median 15) for the 
categories that were drawn from Storms’ (2001) category norms; and 
13.29 (range 3-35, median 12) for the categories drawn from the Camp 
et al. (2010) category norms. The length of the items was between four 
and eight letters (average 5.47). 

 List construction 

The fifteen categories were divided into three sets of five 
categories. In each experimental list all the three sets were used in one 
of the conditions: Same, Related or Unrelated. All sets served in all 
conditions resulting in 6 experimental lists. The words in the categories 
were subdivided into two sets of three items. In half of the study lists the 
first set were used as target and the other set as related item in the test 
phase or vice versa. This resulted in 45 items in each phase. In the study 
lists three types of primes were presented. Similarly to Experiment 1, in 
the Same condition, the target item itself served as the prime (e.g. 
“apple” for the target trial “FRUIT – ap___”). In the Related condition a 
related item from the other half of the category was used as a prime (e.g. 
“pear’ for the target trial “FRUIT – ap___”). In the Unrelated condition 
an unrelated word was chosen from the filler set as a prime (e.g. “bike” 
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for the target trial “FRUIT – ap___”). In the test phase the other half of 
the items of the categories were tested. In the Same and Unrelated 
conditions these items were new to the participants, i.e. they had not 
been presented in the study phase. In the Related condition these items 
had served as the prime in the study phase. In the test phase we 
presented a row of “X” signs as a prime instead of a word in all 
conditions. In this way we kept the procedure similar to the study phase, 
but the tested items were not influenced (or to the same degree) by a 
prime. Note that in the test phase all conditions were the same hence the 
label of the condition refers to the type of the prime used in the study 
phase.  

Procedure 

The procedure was an extended version of that used in 
Experiment 1. The study phase consisted of three cycles of practice 
followed by a test phase. The first cycle of the study phase was the same 
as in Experiment 1. Each trial began with a blank screen for 500 ms. 
Afterwards a plus sign was presented in the middle of the screen for 
1000 ms, followed by another blank screen for 500 ms. After the blank 
screen a mask (e.g., $%&@%$@#@&$#) was presented for 70 ms. The 
mask was followed by the prime for 60 ms. Immediately after the prime 
the target was presented hence masking the prime. Pressing the key of 
the first letter the next screen appeared presenting the target trial plus 
the first letter the participants just typed in. Participants could not detect 
the change of the screen. This technique allowed us to measure reaction 
times. Participants had 10 s to complete the word. After completing the 
target trial, participants pressed enter and the next trial was presented. In 
the second cycle, in the study phase, participants were also provided the 
correct answer. After completing the word stem and pressing the enter 
key a blank screen appeared for 1000 ms followed by the correct answer 
on the middle of the screen for 2000 ms. Then the next trial was 
presented. The third cycle of the study phase was the same as the first 
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cycle. The test phase differed from the first and third cycle of the study 
phase in that an array of 5 “X” signs was presented as a prime on all 
trials.  

3.4.2 Results and Discussion 

Study phase 

Completion percentages were analyzed using repeated measures 
ANOVA with prime type as within-subject factor. Tables 2 and 3 show 
the mean completion percentages and reaction times. The values given 
for the study phase refer to the first cycle of this phase.  

 

 
 

 
 
 

 Prime Type 

 Same Related Baseline No prime 

 M SE M SE M SE M SE 

Study phase         

Experiment 2 .68 .03 .54 .02 .52 .02   

Experiment 3   .55 .03 .52 .03 .55 .03 

Experiment 4 .88 .02 .79 .02 .81 .02   

Test phase         

Experiment 2 .51 .03 .57 .02 .48 .03   

Experiment 3   .53 .02 .53 .03 .53 .02 

Experiment 4 .74 .02 .75 .02 .76 .02   

Table 2.Mean recall rates and response latencies as a function of prime 
type in the study phase in Experiment 2, 3 & 4 
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A significant main effect was found for prime type for the 
completion rates, F(2,76)=33.94, p<.001. A planned comparison 
revealed more completions in the Same condition (M = 68%) compared 
with the Unrelated condition (M = 52%), F(1,38)=48.78, p<.001. 
However no significant difference was found between the Related (M = 
54%) and Unrelated ( M = 52%) conditions, F(1,38)=1.76, p=.19. A 
main effect was also found for prime type for the reaction times, 
F(2,76)=4.48, p=.014. Planned comparisons showed faster responses in 
the Same (M = 2203 ms) compared with the Unrelated condition (M = 
2621 ms), F(1,38)=9.01, p=.005. The reaction times also showed no 
differences between the Related (M = 2485 ms) and the Unrelated (M = 
2621) conditions, F(1,38)=1.20, p=28. Subliminally priming a related 
non-target item did not impair or slow down target item completion. 
Hence, if a process of inhibition occurred during retrieval practice, it did 
not affect the retrieval of the target item. Since we did find priming 
effects in the Same condition, the lack of negative priming in the 
Related condition could not be explained by the lack of priming effect 
in general in the study phase.  

Before the analyses of the test phase we compared the three 
conditions in the third study phase cycle in order to check whether the 
target item was learned to a similar level in the different conditions. A 
repeated measures ANOVA was carried out with prime type as within 
subject factor. A significant main effect of prime type was found, 
F(2,76)=6,38, p=.003. Planned comparisons showed that only the Same 
condition (M = 95%) differed from the Related condition (M = 90%), 
F(1,38)= 19.84, p<.001. Neither the Same (M = 95%), nor the Related 
(M = 90%) condition differed significantly from the Unrelated condition 
(M = 93%), F(1,38)=1.76, p=.19; and, F(1,38)=3.68, p=.06 respectively. 
Since the main focus is on the comparison between the Related and 
Unrelated conditions and the difference at the end of the study phase 
were small and not significant, we will proceed on the assumption that 
the items were equally learned well learned. 
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Test phase 

Using a repeated measures ANOVA a main effect of prime type 
was found in the test phase for the completion rates, F(2,76)=6.20, 
p=.003. A planned comparison showed that items in the Related (M = 
57%) condition were significantly more often completed than in the 
Unrelated (M = 48%) condition, F(1,38)=10.14, p=.003. The Same and 
(M = 51%) and Unrelated (M = 48%) conditions did not differ, 
F(1,38)=1.29, p=.26. The analyses of reaction times showed no 
differences between the three conditions, F(2,76)<1. Consequently, the 
observed pattern contrasts with the expectations based on the inhibitory 
account. The recall of the related items was not impaired, on the 
contrary, it was slightly improved compared to the unrelated items.   

 Prime Type 

 Same Related Baseline No prime 

 M SE M SE M SE M SE 

Study phase         

Exp 2 2203 126 2485 108 2621 112   

Exp 3   2379 122 2410 120 2551 144 

Exp 4 1753 63 2173 95 2187 82   

Test phase         

Exp 2 2799 127 2627 130 2643 127   

Expt 3   2617 143 2697 143 2831 195 

Expt 4 2176 102 2229 103 2166 81   

Table 3.Mean recall rates and response latencies as a function of prime 
type in the test phase in Experiment 2,3 & 4 
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One might argue that this improved performance is due to better 
target item practice in the Unrelated condition: target item recall in the 
Related and Unrelated condition showed a trend to significance. Thus, 
the better recall of the related items in the test phase might be due to the 
fact that target items were practiced to a lower level in this condition, 
and therefore the related items suffered less from the interference by the 
target items. To examine this explanation, we calculated the differences 
in the recall rates between the Related and Unrelated conditions for each 
participant in the third study phase and the test phase. A Pearson’s 
correlation revealed no relationship between the performance of the 
third study phase and the test phase, r(44)=.17, p=.27. Consequently, 
improved recall of the non-target items in the related condition does not 
appear to be due to the lower recall rates of the third phase. It should be 
noted, however, that this type of correlation is not easy to interpret due 
to the effects of subject and item differences.  

In summary, the pattern observed in Experiment 2 demonstrates 
no evidence for inhibitory processes. Presenting the related item 
subliminally during target item retrieval in the study phase did not 
impair the later retrieval of these related items in the test phase, 
compared to items that were not subliminally primed. Moreover, we 
attempted to capture whether the inhibitory process slows down either 
target item retrieval during the study phase or related item retrieval 
during the test phase. We found nor impairment for the target, nor 
impairment for the related items in terms of latency of retrieval.  

However, one might argue that presenting a word as a prime per 
se could impair the process of target item recall. It might be the case that 
any item that is activated by subliminal presentation, to some extent 
competes for recall of the target, and in turn, activates an inhibitory 
mechanism. From this line of reasoning then comparison of the Related 
and Unrelated condition would not be satisfactory to capture the 
inhibitory process, since the unrelated primes also slowed down target 
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item recall. The third experiment was carried out to investigate this 
possibility.  

3.5 Experiment 3 

The aim of our third experiment was to explore whether 
priming a word, other than the target item itself, in general impairs 
target item recall. Consequently, a condition was necessary in which no 
items were presented. In Experiment 3 we eliminated the Same 
condition, and introduced a new condition, the No prime condition. In 
the No prime condition participants were presented a row of X signs in 
place of the prime in the study phase. In this way we kept the conditions 
perceptually similar, but now the prime was not a word anymore. If the 
subliminal presentation of a word itself activates an inhibitory 
mechanism then target item recall should be impaired in the study phase 
both in the Related and the Unrelated conditions compared to the No 
Prime condition.  

3.5.1 Method 

Participants 

Thirty-three students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. The average age of the participants (8 male and 25 female) 
was 21,33 years (SD=5,85). All had normal or corrected to normal 
vision. None of the students participated in the previous experiments. 

Design  

Similarly to the previous experiments, the prime type was 
manipulated within subjects, and had three levels. In the No prime 
condition a row of “X” sign was presented as a prime; the Unrelated. 
and the Related conditions were the same as in Experiment 2. The 
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counterbalancing of the items in the different conditions resulted in six 
lists.  

Materials and procedure 

The same stimuli were used as in Experiment 2. The 
experimental list differed in the study phase: the Same condition was 
replaced by the No prime condition. In the No prime condition a row if 
“X” sign served as prime. The test phase was the same as in Experiment 
2. The procedure was identical to that used in Experiment 2. 

3.5.2 Results and discussion 

Study phase 

Recall percentages were analyzed using a repeated measures 
ANOVA with prime type as a within-subject factor. Tables 2 and 3 
show the mean completion rates and response latencies for the study 
phase and for the test phase. The main effect of prime type was not 
significant for percentage completion, F(2.54)<1, nor for reaction times, 
F(2,54)<1. Target item completion in the Related and the Unrelated 
conditions did not differ from the No prime condition. Hence, the lack 
of differences between the Related and Unrelated condition in 
Experiment 2 cannot be explained by a general impairment caused by 
using any word as a prime.  

Test phase 

The main purpose of the present experiment was to investigate 
the lack of a noticeable inhibitory process during the study phase in the 
previous experiment. In addition, we determined whether the results 
from the test phase of the previous experiment could be replicated. 
Firstly, we compared the completion rates of the target items in the third 
cycle of the study phase to control for the same level of learning. A 
repeated measures of analyses showed no effect of the Prime Type, 
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F(2,54)<1. Average completion rates and reaction times in the test phase 
were computed for each participant, and the data were analyzed using a 
repeated measures ANOVA with prime type as within-subject factor. 
The main effect of prime type was not significant for completion rates, 
F(2,54)<1, nor for reaction times, F(2,54)<1. Again the retrieval of the 
related items was not impaired in the Related condition compared with 
the Unrelated condition as would be expected from the inhibitory 
account. Contrary to the previous experiment, there was also no 
improved retrieval for the Related condition.  

In summary, the lack of noticeable inhibitory effects in the 
study phase cannot be explained by impaired recall in the Unrelated 
condition. Using a row of X's as a prime leads to the same performance 
in the Related and Unrelated conditions. Moreover, the third experiment 
replicates the lack of an inhibitory effect in the test phase: recall rates 
for the related items in the Related condition were similar to those in the 
Unrelated condition. This result provides additional evidence against an 
inhibitory explanation. 

The lack of inhibitory effects in the previous two experiments, 
however, might still be explainable from an inhibitory view. Since 
participants were not provided by the non-target items before the test 
phase, the related items had to be recalled from the semantic memory. 
In this case one only would expect impaired recall, if inhibition is also 
present for semantic memory and not only for episodic memory. The 
results from previous studies that focused on the question whether 
retrieval inhibition also extends to semantic memory are ambiguous. 
According to Johnson and M. C. Anderson (2004) retrieval-induced 
forgetting indeed impairs access to the semantic representation. In two 
experiments they used a modified version of the retrieval practice 
paradigm. They dismissed the study phase and participants had to 
generate the practiced items from their semantic knowledge given the 
category and first two letters stem cue. They found impaired recall for 
items that were related to the generated items, and this impairment 
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increased with increasing practice. These results support the idea that 
inhibition indeed extends to the semantic representation of the to-be-
inhibited items. 

Another line of research argues that retrieval inhibition only 
impairs episodic access to the item, and that the semantic/lexical 
representation is unaffected by the inhibitory process (Bjork & Bjork, 
1996; Racsmány & Conway, 2006). In an experiment using the directed 
forgetting paradigm, Bjork and Bjork (1996) found no differences 
between the to-be-forgotten and to-be-remembered items using word 
completion. They concluded that retrieval inhibition was only present 
when the learning episode had to be recalled. When semantic cues were 
given (e.g. items had to be completed from semantic knowledge) 
impairment of these items disappeared demonstrating that inhibition 
only impairs the access to the episode. In a series of experiments 
Racsmány and Conway (2006) extended the study of Bjork and Bjork. 
They also used the retrieval practice paradigm to test the idea of 
episodic inhibition. In their experiments participants were tested using 
both an episodic memory test, recall; and a semantic memory task, 
lexical decision. They found impaired performance on Rp- items in the 
recall tasks, but not in the lexical decision task. They concluded that in 
the recall task participants had to access the contents of the episodic 
memory representation. Since the episodic presentation of the non-target 
items were inhibited, their recall on a later test was impaired. On the 
other hand, in lexical decision participants could access the contents of 
the semantic memory representation, and this was not affected by 
inhibition. Therefore in this case impairment was not found.  In 
summary, Racsmány and Conway claim that impairment for the Rp- 
items only occurs if the content of the representation in the test phase is 
accessed from episodic memory, i.e. participants have to recall the 
episode of learning.  

In Experiment 2 and Experiment 3, we did not present the 
crucial items (the related primes) in a learning phase. Therefore 
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participants had to generate the practiced items from their semantic 
memory and any impairment found for the related items would have to 
be due to semantic inhibition. However if retrieval inhibition only 
impairs the access to the episodic memory as Bjork and Bjork (1996) 
and Racsmány and Conway (2006) claim, then one might argue that in 
our experiments no inhibition should be expected.  

Hence in our fourth experiment we added a learning phase, 
making the task more episodic. Before the target items were practiced in 
the study phase, all the items with their categories were presented in a 
learning phase. Participants in the test phase were instructed to fill in the 
category plus letter stem cue with an item from the learned list. Note 
here that the term study phase in our experiment corresponds to the 
retrieval-practice phase of the retrieval practice paradigm and the term 
learning phase refers to the study phase of the same paradigm. With 
such a design the representations of the related non-target items have to 
be recalled from episodic memory. Hence even if inhibition only affects 
the access of episodic memory the related items should still be impaired 
in the test phase. 

3.6 Experiment 4 

3.6.1 Method 

Participants 

Forty-nine students from the University of Amsterdam 
participated in the experiment in exchange for course credits or 
payment. The average age of the participants (35 females and 14 males) 
was 21.16 years (SD=6.34). All had normal or corrected to normal 
vision. None of the students had participated in the previous 
experiments. 
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Design, materials and procedure 

The experimental design and the materials were identical to 
Experiment 2. Additional filler items were used resulting 30 filler items 
in total. The extra items were selected in order to have as many items in 
the filler categories as in the experimental categories. The procedure 
differed from Experiment 2 in that a learning phase was introduced 
before the practice of the target items. In the learning phase participants 
were presented with all the target and non-target and filler items in the 
form of a list of category-item exemplars (e.g. “FRUIT – apple”). In 
total 120 items were presented. In this phase, participants were 
instructed to learn the category item pairs. A “+” sign was presented in 
the middle of the screen for 500 ms, followed by the category-item pair 
for 5 s. After the category-item pair the next trial was presented. The 
procedure for the remaining phases of the experiment was identical to 
Experiment 2.  

3.6.2 Results and discussion 

Study phase 

As in the previous experiments recall percentages were 
analyzed using a repeated measures ANOVA with prime type as within-
subject factor. The mean recall and reaction times are shown in Tables 2 
and 3.A significant main effect was found for prime type for the recall 
percentages, F(2,86)=11.98, p<.001. Similarly to Experiment 2, items in 
the Same condition (M = 88%) were better completed compared with 
the Unrelated condition (M = 81%), F(1,43)=13.96, p<.001. And again 
there was no difference in the completion rates between the Related (M 
= 79%) and Unrelated (M = 81%) conditions, F(1,43)<1. The main 
effect of the prime type was also significant for reaction times, 
F(2,86)=19.64, p<.001. Planned comparisons showed that responses 
were faster in the Same (M = 1753 ms) compared with the Unrelated 
condition (M = 2187 ms), F(1,43)=31.42, p<.001. Again the reaction 
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times were similar in the Related (M = 2173 ms) and the Unrelated (M 
= 2187) conditions, F(1,43)<1. The observed pattern is similar to that of 
Experiment 2, hence the absence of a noticeable effect of inhibitory 
processes in the study phase cannot be explained by the lack of episodic 
learning of the non-related words. Rather, presenting the non-target 
words in the learning phase should have led to more activation of these 
items resulting in an even stronger competition and inhibition during the 
practice. However, if present, these processes do not lead to slowing of 
responses or lower recall. 

Test phase 

Similarly to the previous experiments we compared the recall 
rates in the third cycle of the study phase. No significant differences 
were found for prime type, F(2,86)<1.  The main effect of prime type 
was not significant for recall rates, F(2,86)<1; nor for reaction times, 
F(2,86)<1. These results repeat the pattern found in the previous 
experiments: The performance on the related items is not impaired 
compared to the unrelated items, in contrast to what would be expected 
from an inhibitory account. 

In summary, the lack of inhibitory effects in Experiment 2 and 3 
cannot be explained by the absence of an episodic representation for the 
non-target items. Even if the related items are accessed from episodic 
memory no impairment is found for the related items.  

3.7 General discussion 

The main purpose of the present experiments was to investigate 
the interference-dependence property of the inhibitory account. Greater 
competition of the related items was induced by presenting these items 
subliminally just before the retrieval of the target item. We found clear 
evidence against the interference-dependence hypothesis: Subliminally 
presented items were not impaired compared to items that were not 
presented subliminally. The repetition priming effects in the study phase 
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demonstrate that subliminal priming in general did activate semantic 
representations of the primed items and thus the hypothesis that 
subliminal priming had no effect in general can be rejected.  

Moreover we also focused more closely on the inhibitory 
mechanism during the retrieval of the target item in the study phase. 
Since activation of the related prime was induced artificially by 
subliminal presentation in part of the trials, we could compare target 
item performance on the trials in which a subliminal related prime was 
presented with the trials in which an unrelated item or no prime was 
presented. Based on the predictions of the inhibitory view (M. C. 
Anderson, 2003; Shivde & M. C. Anderson, 2001) we assumed that the 
inhibitory process activated by the related prime should affect retrieval 
of the target item either in the probability of retrieval or in the time 
needed for retrieval. In three experiments we could not observe any 
effects of such a mechanism.  

In the present paper we developed a new procedure to examine 
the inhibitory processes proposed by M. C. Anderson et al. (1994). We 
modified the retrieval practice paradigm developed by M. C. Anderson 
et al. We induced competition on some of the trials and we compared 
trials with and without induced competition. To trigger competition we 
used subliminal priming of the non-target items. Before we could apply 
such a procedure we had to control whether subliminal priming is 
indeed a suitable manipulation for the purposes of our study. Therefore 
Experiment 1 was carried out to investigate whether presenting an item 
subliminally indeed leads to its semantic activation. We used a short-
term repetition-priming paradigm to answer this question. There is 
already evidence in the literature for a long-term repetition priming 
effect in a word stem completion task (e.g. Forster, Booker, Schacter & 
Davis, 1990; Debner & Jacoby, 1994; Merikle, Joordens & Stolz, 1995). 
We looked at the effect of subliminal presentation in a word-stem 
completion task in which the category of the target item was also given 
as a cue. Subliminally presenting an item indeed improved the 
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performance on word stem completion, hence demonstrating that 
subliminal presentation activates the memory representation. In addition 
it was shown that this priming effect occurred at a lexical/semantic 
level: changing the typography between prime and target did not alter 
the size priming effects. In summary, our first experiment gave us 
evidence that subliminal presentation is a suitable method for the 
unconscious activation of semantic word representations.  

Therefore from Experiment 2 through Experiment 4, we used 
subliminal presentation of the non-target item as the manipulation to 
increase the activation and hence competition of these non-target items. 
We modified the standard retrieval practice paradigm such that in 
Experiment 2 the study phase was omitted, participants were directly 
presented with a category-plus-two-letters-word-stem and all categories 
were practiced. The categories in which an unrelated item was presented 
subliminally during the target item practice were now used as a baseline 
instead of the Nrp categories. We examined whether subliminally 
presented related items were impaired on a later recall test compared to 
the baseline as the interference-dependence assumption would assume. 
We did not find such a difference. This result contradicts the 
expectation from the inhibition account that would predict inhibition for 
the competing items. Furthermore inhibitory processes did not seem to 
affect the response latencies of the target item or related items. 
According to the inhibitory view (M. C. Anderson, 2003; Shivde & M. 
C. Anderson, 2001) the inhibitory processes might slow down the 
retrieval process either for the target item because of competition of the 
related prime; and/or for the related item on a later test because of the 
inhibition that took place during target retrieval. No such slowing was 
observed. 

The possibility that target item recall was also impaired in the 
baseline condition was investigated in Experiment 3. Since in the 
baseline condition we subliminally presented unrelated items, we 
considered the possibility that this unrelated item also triggered 
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inhibition. It might be the case that activation of any item automatically 
elicits an inhibitory mechanism. In that case both the related and 
baseline condition would be affected. The results of our third 
experiment eliminated this possibility. In a third condition we presented 
a row of X signs as a subliminal prime. We compared the recall of the 
target item in the three conditions, and we found no differences in recall 
rates or response latencies. Hence, Experiment 3 provided additional 
evidence for the lack of inhibitory processes during target item recall. 

The results of Experiment 2 and 3 can only be taken as evidence 
against inhibition, if we assume that inhibitory processes can also be 
semantic in nature. There is evidence in the literature that inhibition 
indeed extends to semantic information (Johnson & M. C. Anderson, 
2004). Other research supporting an inhibitory view, however, argues 
that such inhibitory processes only impair access to the episodic trace, 
the semantic representation of the item is not impaired (Bjork & Bjork, 
1996; Racsmány & Conway, 2006). Experiment 4 investigated whether 
using a more episodic task would indeed lead to inhibition, which would 
provide additional evidence for the episodic nature of inhibition 
processes. As in the retrieval practice paradigm, we added a learning 
phase and instructed participants to complete the word stem in the study 
phase form the items that were provided in the learning phase.. Still, 
there was no evidence for inhibitory processes in our forth experiment. 

In summary, the present results add to the growing number of 
studies contradicting the view that impaired recall of related items is due 
to inhibitory processes. Our experiments showed no trace of any 
inhibitory process during target item recall. More importantly no 
impairment for the related items was observed in a later test phase.  

3.7.1 Short-term semantic priming 

The design of the present experiments also raises another 
interesting issue on short-term semantic priming in word completion. In 
the study phase of Experiment 2 through 4 the subliminally presented 
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prime showed no effects on the recall of related target. There are two 
lines of research, apart from the inhibitory view that would expect 
positive or negative effects of cuing with related items. First, Schütz, 
Schendzielarz, Zwitserwood and Vorberg (2007) did find semantic 
priming effects in word completion. In their experiments participants 
were instructed to complete the presented word fragment to a word. The 
word fragments were preceded by a subliminal prime that was related or 
unrelated to the target item. They found better performance on the target 
when it was preceded by a related word. This result seems to be in 
conflict with our data. But there is a crucial difference between the 
study of Schütz et al. and our experiments. In our experiments, apart 
from the word stem, participants were also presented with the category 
name to which the target item belonged. This cue combination of the 
category name and word fragment might provide enough information to 
recall the target item hence the extra information added by the related 
prime becomes less relevant, and has no perceivable effect on target 
item recall.  

Second, Roediger (1973) found negative effects in categorized 
free recall when next to the category name an additional item from the 
category was also provided as a retrieval cue. In Roediger’s experiment 
participants were presented with a list of category item pairs and 
subsequently tested by providing the category name or the category 
name plus some of the items from the category. Presenting extra items 
from the category as a retrieval cue lowered the recall rates of the to-be-
remembered items compared to the condition in which only the category 
name was given. Furthermore the recall rates decreased as the number 
of provided items increased, demonstrating a negative effect of related 
items as cues. Roediger concluded that the items that were provided as 
additional retrieval cues interfered with the recall of the to-be-
remembered items since both were connected to the same higher order 
units. This effect is similar to what was found with the part-list cuing 
paradigm (e.g. Slamecka, 1968, 1969). In our experiments the 
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subliminal primes can be regarded as retrieval cues. Since these primes 
were items from the same category as the target one might expect 
impaired target item recall during the study phase. In the present 
experiments however we did not find such a negative effect of the 
additional item. Again there was a crucial difference between the two 
studies: in our experiment the first two letters of the to-be-retrieved item 
were also presented. This additional cue might eliminate the negative 
effect of the related item.  

In general the lack of an effect of the related prime (either 
negative or positive) could be due to the differences in the retrieval cues 
that are used in the various studies. It seems that the cue combination of 
a related item, the category name and the first two letters neither 
improves nor impairs the retrieval of the target item compared to only 
the category name and the first two letters. This lack of an effect might 
be explained in various ways; however, the question how joint cues 
facilitate or impair target item recall, is outside of the scope of this 
study.  

3.8 Conclusion 

In the present study the interference-dependence property of the 
inhibition theory was examined. Subliminal priming of non-target items 
during target item retrieval did not lead to competition and inhibition of 
the activated items. Therefore the present study provides no evidence 
for the existence of an inhibitory mechanism during target item recall, 
and thus rejects an inhibition-based explanation of retrieval-induced 
forgetting. 
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4 The modulating effect of target item 
strength in retrieval-induced forgetting 

 
 

Abstract 
 

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

 

 
 

4.1 Introduction 

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

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

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

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

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

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

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

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

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

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

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

M. C. Anderson (2003) and Bäuml (1996, 1997, 1998) appear 
to use differing interpretations of the inhibitory process, yet these 
differences are not mentioned in their papers. M. C. Anderson (2003) 
assumes that inhibition is necessary “to override prepotent responses” 
(p.418), thus the competitors are inhibited before the recall of the target 
item in order to control that the irrelevant non-target item is not 
retrieved. Inhibitory control avoids the recall of irrelevant information. 
In the papers of Bäuml (1997, 1998) inhibition occurs after the recall of 



The modulating effect of target item strength in RIF 

103 
 

the target item. He argues that “retrieving an item suppresses other 
items that are associated to the same cue.” (Bäuml, 1997, p.261, 
similarly Bäuml, 1998, p.462). Therefore the recall of the target item 
leads to the inhibition of the irrelevant information. Note that if 
inhibition is indeed a control process that avoids the activation of 
irrelevant information, then inhibiting the non-target items after the 
recall of the target item is not necessary. Rather, Bäuml’s interpretation 
of the inhibitory process shows resemblance with the strength-based 
models that assume that the amount of target item recall is what defines 
the amount of blocking: The more items recalled the more the to-be-
recalled items are impaired. This resemblance is even stronger if we 
look at his second proposition: “the more items associated with a cue 
that are retrieved, the more impaired those related items will be.” 
(Bäuml, 1997, p. 261; similarly Bäuml, 1998, p. 462). However, this 
proposition even suggests that target item strength does influence the 
amount of inhibition and thus contradicts also with his own third 
proposition, which is that ”the impairment does not depend on the 
strength of the retrieved item but only of its successful recall” (Bäuml, 
1997, p. 261; similarly Bäuml, 1998, p. 462). However, successful recall 
depends on the strength of the retrieved item. The stronger an item is the 
greater the probability that it will be recalled. 

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

The reasoning behind the retroactive interference account 
proposed by Bäuml(1996; 1997;1998) for instance, seems inconsistent 
with M. C. Anderson’s (e.g. 2003) inhibitory point of view. Bäuml 
(1996) demonstrated that only the greater learning of the interpolated 
list influenced the amount of inhibition, and not the strength of original 
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list. However, if retroactive interference is purely an inhibitory process 
then the strength of the original list rather than that of the interpolated 
list should have affected the impairment. Since the items from the 
original lists are competing for recall during the retrieval of the 
interpolated list, and since greater competition leads to greater 
inhibition, the items from the stronger original list should have been 
impaired more than the items from the weak original lists. On the other 
hand the effect of the strength of the interpolated list actually supports 
strength-based models: the stronger the interpolated list is, the more 
interference it causes. In the second experiment, Bäuml did not find an 
effect of the strength of the interpolated list either, which could be 
considered evidence against strength-based models. However, 
Malmberg & Shiffrin (2005) found that strengthening an item by 
increasing the study time did not influence the amount of impairment 
found for the non-strengthened items. In the second experiment of 
Bäuml, the strength of the interpolated list was also manipulated by 
increasing presentation time, which might have not been sufficient to 
increase interference on the original list. Note here that in the first 
experiment the interpolated list was also retrieved after each 
presentation, and thus the above-mentioned argument only applies for 
the second experiment. In summary, the results found by Bäuml (1996) 
are problematic rather than supportive for an inhibitory account based 
on M. C. Anderson’s reading of the theory. 

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

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

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

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

4.2 Present study 

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

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

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

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

4.3 Experiment 1 

4.3.1 Method 

Participants 

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

Design 

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

Materials 

 Category and exemplar selection 

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

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

 Study lists 

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

 Retrieval lists 

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

 Test lists 

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

Procedure 

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

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

Retrieval practice  

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

Final memory test 

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

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

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

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

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

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

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

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

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

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

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

4.4 Experiment 2 

4.4.1 Method 

Participants 

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

Design 

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

Materials and procedure 

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

4.4.2 Results and discussion 

Retrieval practice  

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

Final memory test 

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

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

 

 

 
 
 

 Item Type 

Item 

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

1x .75 .50 .54 .54 

2x .80 .44 .67 .48 

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

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

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

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

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

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

4.5 Experiment 3 

4.5.1 Method 

Participants 

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

Design, materials and procedure 

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

4.5.2 Results and discussion 

Retrieval practice  

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

Final memory test 

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

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

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

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

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

4.6 General discussion 

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

 Item Type 

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

1x .59 .46 .50 .50 

2x .78 .39 .65 .41 

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

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

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

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

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

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

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

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

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



Chapter 5 

140 
 

 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 
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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. 





 

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 
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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 
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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.  



Chapter 6 

168 
 

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. 



Summary and discussion 

175 
 

 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.  
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Samenvatting in het Nederlands 

Het was een paar dagen voor mijn verjaardag, toen er een brief 
op de deurmat viel. Ik pakte de envelop en herkende het handschrift van 
mijn moeder en haar gewoonte verjaardagskaarten goed op tijd te 
versturen. Ik opende de envelop en een klein stuk papier viel eruit met 
het volgende erop: “Ter herinnering aan de vlinderbloemen in Katafa. 
Liefs Mama.” Vlinderbloemen, welke vlinderbloemen?, dacht ik. Op de 
kaart stonden paarse bloemen in een wei. Nog steeds kon ik me niets 
herinneren van welke vlinderbloemen ook of van enige daarmee 
samenhangend gebeurtenis. 

Ik herinnerde me wel Katafa. Katafa was een klein dorp waar 
wij woonden tot mijn vijfde. Wij woonden naast de school in een 
dienstwoning voor leraren. De school en twee dienstwoningen vormden 
samen een L-vormig gebouw, waarvan zich in het voorste gedeelte de 
woningen bevonden met ramen die uitkeken op de hoofdstraat van het 
dorp. De ramen van het schoolgedeelte openden naar de 
gemeenschappelijke tuin. Zo was onze tuin tegelijkertijd ook het 
schoolplein. De stoep naast de muur liep langs de deuren van de 
woningen en de ingang van het schooltje, de andere kant van de stoep 
was met een lang bloemenperk afgescheiden van de speelplaats in het 
midden. Ik zag het schoolplein voor me, met de grote walnotenboom in 
het midden en de spelende kinderen. Ik stond regelmatig voor onze deur 
en vol bewondering keek ik naar de grote kinderen en naar de mooie 
schooluniformen die ze mochten dragen. Maar ik bewonderde hen 
vooral omdat zij al konden lezen en schrijven- wat ik toen nog als een 
groot geheim van het leven beschouwde.  

Ik keek opnieuw naar de bloemen op de kaart. De wei deed mij 
denken aan het achterste gedeelte van de tuin, die met een hek werd 
afgescheiden van het schoolplein. Achter het hek lagen de moestuinen, 
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die aan de achterkant waren afgegrensd met een eindeloze weide waarin 
gras en onkruid groeide. Ik zag mijn moeder voor me zoals ze in het 
moestuintje kleine tuinbedjes maakte voor het tuingewas, ik herinnerde 
me de verhaaltjes die zij vertelde over hoe de zaadjes planten worden en 
hun vruchten brengen in de zomer. Maar ik herinnerde me nog steeds 
geen enkele bloem. Ik was de vlinderbloemen vergeten. Maar het moest 
nog wel belangrijk zijn als mijn moeder mij er na meer dan 30 jaar nog 
steeds een berichtje over stuurt. Waarom was ik het dan vergeten? Hoe 
kunnen wij iets vergeten dat schijnbaar ooit belangrijk was? Want wij 
vergeten immers. En niet alleen de vlinderbloemen van onze jeugd, 
maar mensen, plaatsen, de vakanties van vroeger, de naam van een oude 
buurman, de maaltijd van vorige week dinsdag.  

Onze zoektocht naar een herinnering brengt ook dikwijls de 
vraag mee waarom en hoe wij vergeten. Deze vragen houden ons dan 
ook bezig, en niet alleen in het dagelijkse leven maar ook binnen de 
wetenschap. Onze interesse voor dit onderwerp weerspiegelt zich 
daarom ook in de grote hoeveelheid wetenschappelijke studies die in de 
afgelopen eeuw werden uitgevoerd. Vanuit deze studies ontstond een 
aantal theorieën, die het vergeten met meer of minder succes kunnen 
verklaren. 

De eerste theorie verklaarde het vergeten door het vergaan van 
herinneringen met de  loop der tijd (Thorndike, 1914). Vervolgens werd 
deze weer verworpen door nieuwe theorieën die stelden dat nieuwe of 
meer levendige gebeurtenissen het ophalen van een oudere, minder 
belangrijke gebeurtenis belemmeren. (e. g. McGeoch, 1932, Melton & 
Irwin, 1940, Postman, Fraser & Clark, 1968). Deze zogenaamd 
interferentie theorieën namen aan dat de vergeten herinnering zelf nog 
steeds opgeslagen is in onze hersenen, maar dat wij er niet bij kunnen 
omdat andere meer levendige herinneringen in de weg staan. Terug naar 
de vlinderbloemen: volgens de theorie van Thorndike kon ik de 
bloemen niet meer herinneren, omdat de herinnering eraan door de tijd 
heen vervaagd is; maar volgens de interferentie theorie zij ligt nog 
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steeds wel ergens opgeslagen, alleen kon ik er niet bij, omdat andere 
herinneringen, zoals het beeld van de spelende kinderen of de moestuin 
het ophalen van de herinnering aan de vlinderbloemen blokkeeren. De 
interferentietheorieën werden later verder ontwikkeld tot complexe 
mathematische modellen, die met behulp van vergelijkingen het 
vergeten konden voorspellen (Raaijmakers & Shiffrin, 1981; J. R. 
Anderson, 1983a; Mensink & Raaijmakers, 1988). Net als de klassieke 
interferentietheorieën legden de latere mathematische modellen de 
nadruk op het blokkerende effect van sterkere herinneringen, als de 
oorzaak van het vergeten. 

Midden jaren negentig verscheen een nieuwe theorie, de 
zogenaamde inhibitietheorie (M. C. Anderson, Bjork & Bjork, 1994; M. 
C. Anderson, 2003), die de nadruk legde op de rol van de vergeten 
herinnering in het vergeetproces. De inhibitietheorie stelde dat de 
vergeten herinnering onderdrukt is op een vroeger tijdstip, toen deze 
onjuist opgeroepen werd tijdens het zoeken naar een andere herinnering. 
Laten we in plaats van de vlinderbloemen een ander voorbeeld kiezen 
om het onderdrukkingsproces te beschrijven. Stel dat je verhuisd bent en 
je je nieuwe adres op allerlei formulieren moet invullen. In eerste 
instantie komt bij het opgeven van de postcode je oude postcode altijd 
op. Maar deze postcode is nu niet meer relevant, omdat je je nieuwe 
postcode moet invullen. Om te voorkomen dat je de oude postcode 
oproept wordt deze onderdrukt. Je merkt ook dat je minder fouten maakt 
naarmate je meer formulieren ingevuld hebt. De herhaaldelijke 
onderdrukking van je oude postcode leidt tegelijkertijd tot het niet meer 
kunnen oproepen ervan op een later tijdstip. Je bent hem dus vergeten. 

In het algemeen is het belangrijkste verschil tussen de 
interferentietheorieën en de inhibitietheorie dat de eerste zich richtte op 
de nieuwe, sterkere informatie als de oorzaak van het vergeten, terwijl 
de latere de nadruk legt op het onderdrukken van de vergeten 
informatie. 
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De kernvraag van dit proefschrift is dan ook: Welke theorie 
heeft gelijk? Kunnen wij niet op onze oude postcode komen omdat wij 
de nieuwe beter geleerd hebben en deze sneller en makkelijker opkomt 
als naar onze postcode wordt gevraagd; of omdat wij onze oude 
postcode onderdrukt hebben toen wij de nieuwe postcode leerden. Hoe 
eenvoudig de vraag ook lijkt, des de moeilijker is het om deze op een 
passende wijze te beantwoorden. 

De belangrijkste hindernis blijkt het vinden van een geschikte 
methode om de twee theorieën te onderscheiden, daar het 
onderdrukkingproces hand in hand gaat met het leren of versterken van 
nieuwe informatie. De bedenkers van de inhibitietheorie hebben daarom 
een methode ontwikkeld, die de twee processen van elkaar zou kunnen 
scheiden. Deze methode werd aangeduid met de  Engelse term retrieval 
practice paradigm, vertaald naar het Nederlands oefenen door 
herinneren paradigma. In het eerste deel van dit paradigma leren 
participanten een reeks categorieën gepaard met enkele exemplaren 
vanuit de desbetreffende categorie, bijvoorbeeld FRUIT-appel; FRUIT-
peer; DIER-kat; DIER-hond. Dit eerste deel wordt leerfase genoemd. In 
het volgende deel ofwel in de oefenfase wordt een deel van de 
exemplaren geoefend vanuit de geleerde categorieën met behulp van de 
categorienaam en de eerste letters van het geoefende woord, 
bijvoorbeeld FRUIT-ap?. In de laatste fase van het paradigma genaamd 
testfase, worden de namen van alle categorieën gegeven en participanten 
worden verzocht om alle exemplaren van de categorie op te noemen, die 
zij in het begin van het experiment hadden geleerd. De categorienamen 
van dit experiment worden beschouwd als sleutelwoorden genaamd 
cues die de bijhorende exemplaren oproepen. De categorienamen ofwel 
cues zouden wij gelijk kunnen stellen met de vraag naar de postcode; of 
de vraag naar de naam van de oude buurman enzovoort. De exemplaren 
die tot de categorieën behoren zijn dan de herinneringen, net als de 
verschillende postcodes, de namen van de buren die wij wel of niet 
kunnen oproepen. In de leerfase van het experiment wordt er dan ook 
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voor gezorgd dat er, als deze nog niet bestond, een link wordt gelegd 
tussen de cue (hier de categorienaam) en de herinneringen (de 
betreffende exemplaren). In de oefenfase worden dan met behulp van de 
categorienaam de geleerde exemplaren opgeroepen. Het aangeven van 
de eerste letters van bepaalde exemplaren zorgt ervoor dat sommige 
opgeroepen exemplaren als onjuist kunnen worden gezien, immers ze 
horen wel bij de categorie, maar niet bij de aangegeven eerste letters. 
Terug naar ons voorbeeld, de vraag naar de postcode roept alle 
postcodes op die wij hadden, maar het formulier geeft duidelijk aan dat 
de nieuwe postcode ingevuld moet worden en niet een willekeurige 
postcode die bij ons opkomt. Het specificeren van de cue door het 
verschaffen van alleen enkele letters zorgt ervoor dat de onjuiste 
exemplaren worden onderdrukt. Deze onderdrukking wordt dan 
gemeten in de testfase waarin alle exemplaren van de geleerde 
categorieën opgenoemd moeten worden. De verminderde prestatie van 
de niet geoefende exemplaren vanuit de geoefende categorie wordt als 
een bewijs van onderdrukking aangegeven en aangeduid met de Engelse 
term retrieval induced forgetting, naar het Nederlands vertaald: vergeten 
door herinneren. Alhoewel het paradigma en de hiermee verworven 
resultaten laten zien dat er sprake is van verminderde prestatie en dus 
vergeten, kan een verklaring vanuit de interferentietheorieën niet 
verworpen worden.  Dit komt doordat tijdens de oefenfase versterking 
van de geoefende exemplaren plaatsvindt die de verminderde prestatie 
van de niet geoefende exemplaren verklaart.  

De bedenkers van de inhibitietheorie hebben dan ook 
eigenschappen aangegeven van het paradigma die slechts door hun 
theorie verklaard kunnen worden en dus niet passen in de eerdere 
theorieën. Wij hebben deze eigenschappen getest in een aantal series 
van experimenten waarbij wij het retrieval-practice paradigma hebben 
gebruikt. De verworven resultaten hebben wij in dit proefschrift 
beschreven. 
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Het eerste eigenschap dat gesteld wordt door de inhibitietheorie 
luidt als volgt. Hoe beter een bepaalde informatie geleerd is, des te beter 
deze wordt opgeroepen door de gegeven cue. Hieruit volgt dan dat hoe 
meer deze informatie stoort als het niet de juiste informatie is waar wij 
naar op zoek zijn, des te meer deze onderdrukt moeten worden om 
alleen maar de juiste informatie op te kunnen roepen. Terug naar ons 
voorbeeld: als wij ons oude postcode vaak hebben opgeroepen dan is 
deze nauw verbonden met de vraag `Wat is je postcode?'. Wanneer wij 
onze nieuwe postcode moeten opgeven, komt de oude postcode vaker 
bij ons naar boven. Daar echter deze opgeroepen informatie niet meer 
bij de vraag past en zelfs storend werkt bij het oproepen van de juiste 
postcode, moet deze veel sterker onderdrukt worden. Deze stelling is de 
zogenaamde interference-dependence vertaald als interferentie-
afhankelijkheid uit de inhibitietheorie. De interference-dependence 
aanname is in strijd met de interferentietheorie, die juist een betere 
prestatie zou verwachten voor oude informatie die in eerste instantie 
beter geleerd werd. Dit eigenschap hebben wij met een aantal 
experimenten onderzocht, die in detail beschreven zijn in Hoofdstuk 2 
en 3. In deze experimenten hebben wij het retrieval practice paradigma 
gebruikt en hebben wij de sterkte van de niet geoefende exemplaren van 
de categorieën gevarieerd (Hoofdstuk 2) in de leerfase. In tegenstelling 
tot wat men op grond van de interference-dependence aanname zou 
kunnen verwachten, hebben wij geen grotere achteruitgang gevonden 
voor de sterkere niet geoefende exemplaren. In de volgende serie 
experimenten in Hoofdstuk 3 probeerden wij het storende effect van de 
onjuiste exemplaren meer direct te manipuleren door deze tijdens het 
oefenen van de juiste exemplaren onderbewust aan te bieden. Met het 
onderbewust aanbieden van de onjuiste exemplaren wilden wij ervoor 
zorgen dat deze storen bij het ophaalproces van de juiste informatie en 
dus onderdrukt moeten worden. Alhoewel het onderbewust aangeven 
van informatie succesvol was, konden wij geen sporen van 
onderdrukking ontdekken. De experimenten die beschreven zijn in 
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Hoofdstuk 2 en 3 tonen geen bewijs voor de  interference-dependence 
aanname van de inhibitietheorie. 

De tweede eigenschap van de inhibitie theorie stelt dat de 
versterking van de juiste informatie geen enkele rol speelt in het 
vergeetproces. Nog weer terug naar ons voorbeeld. Het aantal keren dat 
wij onze nieuwe postcode aangeven bepaalt niet in hoeverre wij de oude 
postcode vergeten. Het meer of minder herhalen van de nieuwe 
postcode leidt misschien wel tot verschillen in de mate hoe snel of hoe 
goed wij de nieuwe postcode kunnen oproepen, maar heeft geen enkel 
effect op de mate waarin wij de oude postcode vergeten. Deze aanname 
contrasteert dan met de interferentieverklaringen aangezien deze 
theorieën de versterking van nieuwe informatie handhaven als de 
hoofdoorzaak van het vergeten. Dit kenmerk hebben wij onderzocht en 
beschreven in Hoofdstuk 4 en gedeeltelijk in Hoofdstuk 5. In beide 
hoofdstukken varieerden wij de sterkte van de geoefende exemplaren. In 
Hoofdstuk 4 hebben wij de sterkte in de leerfase gevarieerd en in 
Hoofdstuk 5 hebben wij dit gedaan in de oefenfase: wij varieerden het 
aantal oefeningen van het exemplaar. In beide hoofdstukken hebben wij 
wel een dergelijk effect gevonden van de mate van de versterking. In de 
categorieën waar de geoefende exemplaren beter waren geleerd werden 
de niet geoefende exemplaren slechter opgeroepen. De resultaten van 
deze hoofdstukken verwerpen het tweede kenmerk van de 
inhibitietheorie: de strength-independence aanname. 

Het derde eigenschap dat wij onderzochten, richtte zich op de 
manier van leren of versterken van informatie. De zogenaamde 
retrieval-specificity ofwel specificiteit tot het oproepen-aanname stelt 
dat de onjuiste informatie alleen wordt onderdrukt als deze stoort bij het 
ophalen van de juiste informatie. Als de onjuiste informatie het ophalen 
van juiste informatie niet belemmert, is er geen noodzaak voor 
onderdrukking. Dus als wij onze postcode niet zelf hoeven op te roepen 
omdat deze gegeven is, bijvoorbeeld als wij onze agenda kunnen 
raadplegen waar wij hem opgeschreven hadden, dan vergeten wij onze 
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oude postcode niet, aangezien deze niet wordt opgeroepen en dus geen 
belemmering vormt bij het opgeven van de nieuwe postcode. Deze 
stelling past dan niet in de interferentietheorieën aangezien deze het 
vergeten van oude informatie verwachten zodra andere informatie beter 
geleerd wordt. De manier van versterken speelt volgens deze theorieën 
dan geen rol in het ontstaan van verminderde prestatie. Het onderzoek 
naar deze aanname hebben wij in Hoofdstuk 5 beschreven. Wij hebben 
de geoefende exemplaren op zo’n manier versterkt dat de onjuiste 
informatie niet opgeroepen kon worden. Wij hebben in de oefenfase het 
geoefende exemplaar al gegeven en de participanten moesten dan de 
bijhorende categorienaam opgeven. In tegenstelling tot de retrieval-
specificity aanname hebben wij een verminderde prestatie gevonden van 
de niet geoefende exemplaren. Hiermee hadden wij dan ook het derde 
kenmerk van de inhibitietheorie verworpen.  

In het algemeen hadden de door ons uitgevoerde studies geen 
bewijs gevonden voor de kenmerken van de inhibitietheorie en dus 
verwierpen deze de op een inhibitie gebaseerde verklaring van het 
vergeten. De gevonden resultaten bewijzen eerder dat het leren van 
nieuwe informatie leidt tot het vergeten van de oudere. Dus wij vergeten 
vakanties, omdat wij sindsdien andere meer indrukwekkende vakanties 
hebben gehad; wij vergeten de naam van onze oude buurman, omdat wij 
tussendoor andere buren hebben gekregen en hun naam vaak herhaald 
hebben; en wij vergeten de maaltijd van vorige week dinsdag, omdat wij 
sinds die tijd al een aantal keer gegeten hebben. Zo was ik de 
vlinderbloemen vergeten, omdat andere herinneringen aan dezelfde 
plaats voor mij belangrijker waren, zoals de spelende kinderen of mijn 
moeder bukkend in de moestuin. 

Ik heb mijn moeder  nog diezelfde dag gevraagd naar de 
vlinderbloemen. Zij vertelde dat de kaart met de bloemen haar 
herinnerde aan hoe ik als klein meisje de bloemen leerde vliegen die op 
het bloemenperk naast de stoep groeiden. Ik plukte de hoofdjes van de 
bloemen en gooide ze vervolgens in de lucht, tot ergernis van mijn 
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moeder. Zij verbood mij meerdere malen de bloemen te plukken, maar 
ik ging ermee door zodra zij mij niet zag. De kaalgeplukte, hoofdenloze 
stelen en de her en der verspreide dorre bloemkopjes waren de stille 
getuigen van mijn handelen. Vertwijfeld vroeg ze mij waarom ik die 
arme bloemen plukte. Ik antwoordde haar daarop verbaasd: `Maar 
mama, dit zijn vlinderbloemen en ik leer hun vliegen!' 
 





 

199 
 

 

Magyar nyelvű összefoglalás 

Pár nappal a születésnapom előtt egy levelet találtam a 
postaládában. A borítékon felismertem anya kézírását, meg azt a 
szokását, hogy a születésnapi képeslapot jó időben fel kell adni. 
Kinyitottam a borítékot, amiből egy kis darab papír hullott a földre. A 
papírdarabon a következő állt: “ A katafai lepkevirágok emlékére. Sok 
szeretettel, Anyu.”  Lepkevirágok, milyen lepkevirágok? Gondoltam.  
Kivettem a képeslapot a borítékból: lila virágokat ábrázolt egy réten. 
Néztem a képet, de ez sem segített. Még mindig nem jutott eszembe 
semmiféle lepkevirág, vagy valami ezzel kapcsolatos esemény. 

Katafára viszont annál jobban emlékeztem. Katafa egy kisfalu, 
ahol öt éves koromig laktunk egy szolgálati lakásban, az iskola mellett. 
Egy L-alakú épület adott otthont az iskolának és a hozzá tartozó két 
szolgálati lakásnak. A lakások ablakai a falu főutcájára, az iskoláé pedig 
az épület udvarára néztek. Így lehetett az udvarunk egy időben az 
iskolaudvar is. Az épület udvar felöli falai mellett egy szűk járda 
vezetett a hátsó kert felé. A járda egyik oldalán az iskola és a lakások 
ajtói nyíltak, míg a másik oldalon egy keskeny virágágyás húzódott, 
elválasztva a járdát az udvar középső füves részétől. Magam előtt láttam 
az udvart a nagy diófával a közepén, és magam előtt láttam az udvaron 
játszó iskolás gyerekeket is. Eszembe jutott, hogy milyen gyakran 
álltam az ajtóban figyelve játékukat. Tiszteltem őket. Talán a szép 
iskolaköpenyükért, de talán inkább azért, mert tudtak írni és olvasni, 
amit én akkor még az élet nagy csodái közé soroltam.  

Még egyszer alaposan szemügyre vettem a réten nyíló virágokat 
a képeslapon. A rét eszembe juttatta az épület mögött elterülő kerteket. 
Az udvart egy fakerítés zárta el a veteményes kertektől, amit megint egy 
másik kerítés választott el egy végeláthatatlan réttől tele gazzal meg 
vadvirágokkal. Magam előtt láttam a kertet és édesanyámat, ahogy a 
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zöldségmagokat hosszú rendezett sorokban a földbe vetette. 
Emlékeztem a mesékre, hogy hogyan lesz a magból csíra, a csírából 
növény és a növényből termés. De még mindig nem emlékeztem 
semmiféle virágra. A lepkevirágokat elfelejtettem. És mégis, 
valószínűleg nagyon fontosak lehetettek, ha anya több mint harminc év 
után még mindig felemlegette őket. Hogy lehet az, hogy elfelejtettem? 
Hogy lehet az, hogy valami, ami valamikor régen olyan fontos volt 
számunkra elfelejtünk? Hisz felejtünk. És nemcsak gyerekkorunk 
lepkevirágait, de embereket, helyeket, vakációkat, egy régi szomszéd 
nevét és még azt is, amit múlt csütörtökön ettünk. 

Az emlékeink keresése közben az a kérdés is gyakran felmerül, 
hogy vajon miért is felejtünk. Ez a kérdés nemcsak a mindennapi 
életben foglalkoztat bennünket, de a tudomány területén is feltevődik. A 
kérdés iránti érdeklődést tükrözi az a nagy mennyiségű tudományos 
értekezés és kísérlet is, ami ebben a témakörben született az elmúlt 
évtizedek során. Ezek a tudományos munkák alapjául szolgáltak 
azoknak a különböző felejtés elméleti teóriáknak, amelyek kisebb vagy 
nagyobb sikerrel a felejtés folyamatát próbálták megmagyarázni.  

Az első teória egyike Thorndike (1914) nevéhez fűződik, aki a 
felejtést az idő múlásához kötötte. Az állította, hogy az emlékezet az idő 
teltével elhalványodik. Thorndike elméletét az úgy nevezett 
interferencia teória váltotta fel. Az interferencia elmélet szerint az újabb 
vagy erősebb emlékek zavarják, és egyben kizárják a régebbi vagy 
gyengébb emlékek előhívását, ebből kifolyólag nem tudjuk ezeket 
felidézni más szóval elfelejtjük őket. Annak ellenére, hogy nem tudjuk 
előhívni az elfelejtett emlékeket, azok még mindig léteznek az 
emlékezetünkben, csak nem férünk hozzá. (pl. McGeoch, 1932, Melton 
és Irwin, 1940, Postman, Fraser és Clark, 1968). Vegyük először megint 
a lepkevirágok példáját: Thorndike elmélete szerint azért nem 
emlékszem a lepkevirágokra, mivel az emlékkép az idő múlásával 
elmosódott. Az interferencia elmélet szerint viszont a virágok emléke 
még mindig létezik az emlékeim között, csak nem férek hozzá, mivel 
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más fontosabb vagy erősebb emlékek - mint a játszó gyerekek képe, 
vagy édesanyám a kertben - kizárják az elfelejtett emlékkép előhívását. 
A interferencia elméletet később tovább fejlesztették matematikai 
modellekké, amik a felejtést bonyolult matematikai képletek 
segítségével próbálták megjósolni. (Raaijmakers és Shiffrin, 1981; J. R. 
Anderson, 1983a; Mensink és Raaijmakers, 1988  

A kilencvenes évek közepén egy új elmélet született a felejtés 
magyarázatára, az úgynevezett gátlási elmélet (M. C. Anderson, Bjork 
és Bjork, 1994; M. C. Anderson, 2003), az elfelejtett emlék szerepét 
hangsúlyozta a felejtés folyamatában. Az gátlási elmélet azt tételezi fel, 
hogy ha az elfelejtett emlék egy olyan helyzetben aktiválódik, amikor 
ennek előhívása irreleváns, akkor ez gátlódig, mivel zavarja a célemlék 
előhívását. A gátlás egy adaptív folyamat a célemlék előhívásának 
elősegítése érdekében. Ez a gátlás azonban negatívan hat a gátolt 
információ későbbi előhívására, felejtést okozva. Vegyünk egy új példát 
az gátlás elméletének bemutatásához. Képzeljük el, hogy új helyre 
költöztünk, és különböző nyomtatványokon ki kell töltenünk az új 
lakcímünk rovatot. Az első esetekben nagy valószínűséggel a régi 
irányítószám jut az eszünkbe, de ez a szám már nem érvényes, az új 
irányítószámot kell beírni. Annak érdekében, hogy ne a régi, hanem az 
új irányítószámot adjuk meg pontosan a régi szám előhívását gátolni 
kell. Biztosan az is feltűnik, hogy az idő múlásával a nyomtatványok 
kitöltése egyszerűbb lesz, és egyre kevesebbszer jut eszünkbe a régi 
irányítószám. Mivel minden alkalommal, amikor a régi számot 
előhívjuk, ez automatikusan gátlás alá kerül. Többszöri gátlás pedig a 
gátolt információ tartós elérhetetlenségéhez, vagyis felejtéshez vezet. 
Ebből kifolyólag egy későbbi időpontban már nem jut eszünkbe a régi 
szám még akkor sem, ha szükségünk lenne rá.  

Összefoglalva az interferencia és az gátlás elméletei közötti 
legnagyobb különbség az, hogy míg az előbbi elmélet az újonnan tanult 
információ zavaró hatását jelöli meg a felejtés legfontosabb okának, 
addig az utóbbi elmélet az elfelejtett információ gátlását hangsúlyozza.  
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A disszertáció fő kérdése tehát az: Melyik elmélet ad egy 
pontosabb képet a felejtés folyamatáról. A kérdést példánkra alkalmazva 
így tehetjük fel: Azért felejtjük-e el a régi irányítószámunkat, mivel az 
újat jobban megtanultuk, vagy azért mert az új szám tanulása közben a 
régit legátoltuk. A kérdés talán egyszerűnek tűnhet, ennek ellenére az 
erre adandó válasz annál bonyolultabb. 

Az egyik legfontosabb feladat, ami a kérdés megválaszolásához 
vezethet az egy helyes kutatási módszer kiválasztása. Ez a feladat 
azonban abba a problémába ütközik, hogy a gátlás, és az interferencia 
folyamata egy időben, párhuzamosan játszódik le. Az gátlási elmélet 
megalkotói (Anderson, Bjork és Bjork, 1994) létrehoztak egy olyan 
kutatási módszert, ami a két folyamatot egymástól el tudja választani. A 
módszer angolul retrieval practice paradigm elnevezést kapta, amit 
magyarra fordítva előhívási gyakorlási paradigmának nevezünk. A 
paradigma három részből tevődik össze: az első, tanulási fázisban a 
kísérleti személyek egy sor létező kategória-szó kombinációkat 
tanulnak, például: GYÜMÖLCS-alma, GYÜMÖLCS-körte, ÁLLAT-
macska, ÁLLAT-kutya stb. A második, gyakorlási fázisban a kísérleti 
személyek a kombinációk egy részét gyakorolják a kategória név és a 
szó kezdő betűinek segítségével, például GYÜMÖLCS-al?. Az utolsó, 
teszt fázisban, a kísérleti személyeknek az összes, első fázisban tanult 
szót fel kell idézniük a kategória nevek segítségével. A kategória nevek 
ebben a paradigmában a kulcsszavak vagy hívóingerek, amelyeknek a 
szerepe a keresett szavak felidézése. Visszatérve példánkhoz az 
irányítószámra irányuló kérdést tekinthetjük hívóingernek a megadott 
számot pedig a kulcsszó hatására előhívott emléknek. A felejtés 
folyamat a következő módon játszódik le az előhívási gyakorlási 
paradigmában: A tanulási fázis szerepe, hogy a kategória-szó közötti 
kapcsolat létrejöjjön, vagy ha már létezik, akkor megerősödjön. A 
gyakorlási fázisban a megadott kategória nevek nemcsak a keresett szót 
hívják elő, de más szavakat is a kategóriából. A keresett szó első 
betűjének megadásával a nem keresett, de a kategóriához tartozó szavak 
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irrelevánssá válnak és a gátlási elmélet szerint gátlás alá kerülnek. 
Mikor a teszt fázisban az összes szó megnevezésére sor kerül, a gátlás 
alatt lévő szavak előhívása nem lehetséges. Ez, a nem gyakorolt szavak 
gyengébb mértékű előhívása a teszt fázisban a bizonyítéka a gátlás 
folyamatának. Ezt a gátlási folyamatot angolul retrieval induced 
forgetting, magyarra fordítva az előhívás kiváltotta felejtésnek 
nevezzük. Az ily módon való felejtés alapjában véve még mindig 
megmagyarázható az interferencia elmélet segítségével, hiszen a 
gyakorlási fázisban a gyakorolt szavak kapcsolata megerősödik a 
kategóriával. Ez a megerősödött asszociáció a teszt fázisában mint 
zavaró tényező még mindig megjelenhet, ezzel a nem gyakorolt szavak 
gyenge előhívását okozva. 

A probléma megoldásaként az inhibíció elmélet megalkotói 
három olyan jelenséget határoztak meg, amik csak egy inhibícióra 
alapozott elmélet tud megmagyarázni. A tanulmányunk ezeket a 
tulajdonságokat vizsgálta, az általunk talált eredményeket ebben a 
disszertációban foglaltuk össze.  

Az első tulajdonság a következőképp hangzik: minél erősebb a 
nem gyakorolt elem aktivációja a célelem gyakorlása idején, annál 
erősebb a cél- és irreleváns elemek közötti interferencia, és annál 
nagyobb mértékű az irreleváns elemek gátlása. Visszatérve példánkhoz, 
ha a régi irányítószámot gyakrabban használtuk, akkor ez jobban zavar 
az új irányítószám kitöltésénél, és épp ezért nagyobb mértékű gátlás alá 
kerül. Ebből kifolyólag későbbi előhívása jóval nehezebb. Ez a 
tulajdonság angolul az interference-dependence elnevezést kapta, 
magyarul az interferencia-függőség kifejezést használjuk. Az 
interferencia-függőség ellentmond az interferencia elméleteknek, mivel 
ezek ellenkezőleg gyengébb előhívást jósolnak az eredetileg is 
gyengébb elemeknek. Ezt a tulajdonságot két kísérletsorozattal 
vizsgáltuk. A kísérletek részletes leírását e tanulmány második és 
harmadik fejezete tartalmazza. Mindkét kísérletsorozatban a előhívási 
gyakorlási paradigmát használtuk, amiben a nem gyakorolt elemek 
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erősségét manipuláltuk. Az első kísérletsorozatban (második fejezet), a 
nem gyakorolt elemek asszociációs erősségét a tanulási fázisban 
variáltuk. A kapott eredmények nem támasztották alá az interferencia-
függőség jelenségét. A kategóriához eredetileg erősebben kapcsolódó 
nem gyakorolt szavak előhívása nem volt gyengébb, mint az eredetileg 
gyengébben kapcsolódó nem gyakorolt szavak előhívása. A második 
kísérletsorozatban (harmadik fejezet), az irreleváns elemek zavaró 
hatását a gyakorlási fázisban direkt módon manipuláltuk. A gyakorlási 
fázisban a kulcsszó megadása előtt egy a kategóriához tartozó nem 
gyakorolt szót a tudatküszöb alatt felvillantottunk. Így a kísérleti 
személy nem volt az irreleváns szó tudatában, de az automatikusan 
aktiválódott és tudat alatt zavarta a gyakorolt szó előhívását. Annak 
ellenére, hogy be tudtuk bizonyítani, hogy a tudat alatt bemutatott 
szavak szemantikus reprezentációja aktiválódott, nem találtunk 
bizonyítékot arra, hogy ez az aktiváció zavarta volna a gyakorolt szavak 
előhívását, vagy gyengébb teljesítményhez vezetett volna a felvillantott 
szavak későbbi előhívásánál. Összefoglalva, az általunk elvégzett 
kísérletek nem szolgáltak bizonyítékot az interferencia-függőség 
jelenségére.  

Az gátlási elmélet második tulajdonsága azt tételezi fel, hogy 
nem a kulcsszó és az elem közötti kapcsolat erőssége, hanem maga a 
megerősítés folyamata az, ami az előhívás kiváltotta felejtést okozza. 
Visszatérve a példánkhoz, nem az új irányítószám erőssége az, ami 
meghatározza a régi szám elfelejtését, hanem az a folyamat, amikor a 
régi irányítószám hibásan előhívódik az új gyakorlása közben.  Ez a 
tulajdonság angolul a strength-independece elnevezést kapta, aminek az 
erősség-függetlenség a magyar nyelvű megfelelője. Az erősségi-
függetlenség jelensége ellentmond az interferencia elméletnek, amely a 
gyakorolt információ erősségét jelöli meg, mint a felejtés fő okozóját. 
Tanulmányunk negyedik és részben ötödik fejezetében található 
kísérletsorozatok foglalkoznak ezzel a tulajdonsággal.  A negyedik 
fejezetben a gyakorlott elem erősségét a tanulási fázisban, az ötödik 
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fejezetben pedig a gyakorlási fázisban módosítottuk. Mindkét 
kísérletsorozatban a gyakorolt elem erőssége a kívánt mértékben 
változott, bizonyítva a manipuláció sikerességét. Az erősség-
függetlenségre viszont nem találtunk bizonyítékot. A nem gyakorolt 
szavak előhívása fordított arányban növekedett vagy csökkent a 
gyakorolt szavak erősségével a teszt fázisban, bizonyítva a gyakorolt 
elem erősségének fontosságát. 

A harmadik és egyben utolsó vizsgált tulajdonság a gyakorlási 
manipuláció módszerével foglalkozik. Az úgynevezett retrieval-
specificity magyarra fordítva előhívás-specificitás azt tételezi fel, hogy 
kizárólag a gyakorlott információ aktív előhívása az, ami a nem 
gyakorolt információ gátlását okozza. Mivel csak ebben az esetben 
kerülhet sor a nem gyakorolt információ aktiválására. Ha a gyakorlott 
információ adott, akkor nincs szükség a célelem aktív, az emlékezetből 
való előhívására és így a nem gyakorolt információ előhívására is 
kisebb az esély. Az irányítószám példájára alkalmazva: ha az új számot 
nem fejből kell kitöltenünk, hanem valahonnan átmásoljuk, akkor nem 
kell az irányítószámra vonatkozó emlékképeket előhívni, ily módon az 
irreleváns régi irányítószám sem aktiválódik, tehát nincs szükség 
gátlásra. Ez a jelenség ellentmond az interferencia elméleteknek, hisz 
ezek a gyakorolt elem bármiféle megerősítése esetén felejtést tételeznek 
el. Az előhívás-specificitás tulajdonságát vizsgáltuk meg az utolsó 
kísérletsorozatban (ötödik fejezet). A gyakorlási fázisban a célszavakat 
úgy gyakoroltuk, hogy ne legyen lehetőség a nem gyakorolt szavak 
aktivációjára. Annak ellenére, hogy a nem gyakorolt szavak nem 
aktiválódtak a gyakorlási fázisban még mindig gyengébb előhívást 
mutattak a teszt fázisban. Ezzel a kísérletsorozattal a gátlási elmélet 
harmadik tulajdonságára is találtunk ellenbizonyítékot.  

Összefoglalva: az itt leírt kísérletek nem adnak bizonyítékot a 
gátlási elmélet fent említett állításaira. Az általunk elvégzett kísérletek 
eredményei azt mutatják, hogy az új információ megszerzése vezet a 
régi információ elfelejtéséhez. Tehát azért felejtettük el a régi 
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vakációkat, mivel más és érdekesebb helyeken is jártunk; azért 
felejtettük el régi szomszédunk nevet, mert közben új szomszédokat 
ismertünk meg, akiknek a nevét gyakran megismételtük és azért 
felejtettük el, hogy mit ettünk múlt csütörtökön, mivel azóta már párszor 
ettünk. Én pedig azért felejthettem el a lepkevirágokat, mivel más 
események, mint az iskolás gyerekek, vagy anya a kertben, számomra 
sokkal fontosabb események voltak.  

Még aznap felhívtam anyát, hogy megtudhassam a lepkevirágok 
történetét. Anya nevetve mesélte, hogyan tanítottam a virágokat repülni. 
A képeslap virágjai eszébe jutatták, ahogy kislányként rendszeresen a 
járda melletti virágágyás virágainak fejét letéptem, majd feldobáltam 
őket a levegőbe. Többször is próbálta megtiltani, de a szép szó nem 
hatott. Tovább folytattam pusztító tevékenységemet, ha nem látta. A 
virágágyás mellet szétszórt, hervadozó virágfejek tanúskodtak arról, 
hogy nem hallgattam szavára. Mikor reménytelenül megkérdezte, miért 
tépem le a szegény virágok fejét, csodálkozva válaszoltam: de anya ezek 
lepkevirágok, meg kell hogy tanítsam őket repülni… 
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Dankwoord 

Dit schrift is de proef dat de schrijver van deze woorden in staat 
is zelfstandig onderzoek uit te voeren. Na lang te hebben nagedacht over 
de mensen die mij hebben bijgestaan tijdens dit process groeide niet 
alleen hun aantal, maar ook mijn twijfels over de juistheid van de 
uidrukking “zelfstandig” in de boven geschreven stelling. Het zou dan 
misschien toepasselijker zijn een vervangend woord te verzinnen of als 
alternatief de definitie van het begrip uit te breiden. Tot een oplossing 
ben ik nog steeds niet gekomen, maar wel tot het bewijs dat mijn 
twijfels niet zonder reden zijn onstaan. Hieronder deze: 

Toen ik met het project ben begonnen werd tegen mij gezegd 
dat ik tot de weinige gelukkigen behoort die door Jeroen worden 
begeleidt om onderzoeker te worden. Toen wist ik nog niet wat dat 
betekenen zou. Na 5 jaar samenwerking ben ik tot dezelfde conclusie 
gekomen. Ik leerde niet alleen van jou over de verschillende theorieën 
op het gebied van geheugen en vergeten, maar ook hoe belangrijk het is 
om logische redeneringen helder op te stellen en ook hoe belangrijk het 
is om zelf kritisch na te denken over de meest vanzelfsprekende 
stellingen. Het aanhouden van deze basisprinicpes geven dan de 
mogelijkheid om het meest ingewikkelde probleem tot een simpele 
logische redeneringen terug te leiden. Want zoals je altijd begon met een 
uitleg: “Kijk, het is vrij simpel.” 

Mijn dank gaat ook naar mijn commissie die mijn werk heeft 
gelezen en beoordeelt. Sommigen van jullie waren dan ook al betrokken 
bij eerdere delen van dit project. Diane, Gino het was altijd inspirerend 
bij jullie langs te gaan in Rotterdam. Ik vond het zo fijn dat ik met jullie 
zonder enige uitleg in het midden van mijn verhaal kon beginnen; en 
lange conversaties voeren over kleine details. 
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Misi, Budapest egy kicsit messze van, hogy meglátogassalak 
egy megbeszélés erejéig. Így a megbeszéléseink személyes találkozás 
helyett e-maileken keresztül folytak. Sokat jelentett, hogy a saját 
anyanyelvemen is elgondolkodhattam a felejtés folyamatának 
problematikáján. És megmondom őszintén, hogy hollandul könnyebb. A 
magyar nyelv összetett mondatai nem segítenek abban, hogy egyáltalán 
megértsem azt amit írsz, nemhogy még vitatkozzak is rajta. Talán 
elfelejtettem a saját anyanyelvemet? Vagy csak gátlás alá került mivel 
zavarta a hollandot? Lehet. 

I would like to thank Teresa Bajo for inviting me to the Summer 
School in Granada, Spain. The second chapter of this dissertation is the 
result of this inspiring visit. I am also grateful for Teresa and Carlos 
Gómez-Ariza visiting for a workshop in Amsterdam, where I learned 
not only that inhibition can be interpreted in many different ways, but 
that it is also possible to feed a baby between two talks. 

Retrieval-induced forgetting is an effect that is difficult to 
identify. After many unsuccessful experiments I began to believe that I 
must be doing something wrong. Edward Cokely provided me with 
great help, sending me a long list of laboratories that, like us, had 
experienced much frustration, spending years simply trying to replicate 
findings. This information convinced me to examine the paradigm itself, 
rather than creating more complex experimental setups. Breaking the 
paradigm into pieces proved a worthwhile exercise. 

To David my ‘friend-colleague’, I am very grateful for our 
fruitful conversations, which helped me to get things clear. The results 
of these discussions are reflected in much of the theoretical reasoning of 
this work. 

Het daadwerkelijke werk waar het bewijs gevonden wordt voor 
de theoretische redeneringen waren de experimenten. Deze waren 
grotendeels uitgevoerd door studenten die bij mij hun stage hebben 
gelopen. Ik wil hun hartelijk bedanken voor hun inzet, hun 
enthousiasme en stilzwijgend geduld om nog meer experimenten uit te 
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voeren toen ze dachten dat ze al klaar waren. Roland, Michiel, Nelly, 
Benjamin , Evelien, Sicco, Eva, Hilde, Mieke, Wing-Sam en Daniel 
jullie waren fantastische medewerkers en mededenkers van dit project. 

 Ik wil dan hier ook al die proefpersonen bedanken die aan mijn 
experimenten hebben meegedaan en met hun best deden om niet slapen 
te vallen tijdens de langdradige sessies van categorie woordparen. In 
ieder geval konden ze hun woordenschat in het Nederlands uitgebreiden 
op het gebied van vogels, vissen, insecten, wapens, beroepen etc. (met 
mij dan inbegrepen…) 

Naast de proefleiders en proefpersonen heb je dan ook 
apparatuur en programma’s nodig waarmee je enthousiaste kandidaten 
van je experimenten kan testen. Ik wil dan de technische afdeling 
bedanken: Bert en Marcus, ik had bij jullie een doorlopend abonnement 
voor jullie favoriete E-Prime en Rene en Nico, bij jullie voor 
verouderde beeldschermen.  

De laatste en ergens wel de belangrijkste beproeving van het 
project was het schrijven. De gedachten in je hoofd blijken altijd zo 
helder, logish en geweldig te zijn tot je hun op papier moet gaan zetten. 
Dan wordt het wel duidelijk: de chaos die heerst in het kleine 
kronkelende onderdeel bovenop je lichaam. Toch moeten de 
ongeordende en woordenloze gedachten wel een vorm krijgen en netjes 
op een rijtje gezet worden. Beja en Ashley ik wil jullie bedanken om mij 
te leren op te ruimen, want je moet altijd “van beneden beginnen met 
stapelen”. Ik heb van jullie geleerd hoe de stilte van je lichaam de stilte 
van je geest onderbouwdt, en hoe belangrijk deze stilte is om helder te 
kunnen denken, die dan nog weer de basis vormt voor het schrijven. 

Ik heb dit profeschrift dan al in drie talen geschreven. I would 
like to thank David and Jeroen for correcting my English; Wytske wil ik 
bedanken voor de correcties van de Nederlandse samenvatting, 
Keresztes Attilának köszönöm a segitségét a szakkifejezések magyar 
nyelvű forditásában, és végül az öcsémnek tört magyarságom 
palástolásáért. Na zoveel hulp nodig te hebben bij de formulering ben ik 
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tot de conclusie gekomen dat ik maar een nieuwe nationaliteit moet 
aannemen en dat is gewoon “Buitenlander”. 

De afgelopen 5 (eigenlijk 8)  jaar heeft zich toch afgespeeld op 
de 6-de verdieping (of in de kamers van b2zoveel). Mijn kamergenoten: 
Pauline, Letty, Don, Dmitri, David en mijn bijna kamergenoten: Ellen, 
Susanne, Jennifer en Olympia ik vond het heel fijn met jullie 
gesprekken te voeren, grapjes te maken en heel hard te lachen. Ronald 
en Hans ik wil jullie van harte bedanken voor jullie inzet in mijn 
loopbaan. Anna en Hubert jullie zijn zo fantastisch! Het halve ronde 
tafeltje bij jullie was toch mijn bureau en de snoeppot is toch nog steeds 
mijn erfenis! Collega’s aio’s op de hoekkamertjes: Simon, Ilja, 
Johannes, Annelinde, Bram, Anne, Iris, Anouk, Julia, Andries en 
Martijn ik heb zeker iemand eruitgelaten, en niet aio’s in niet 
hoekkamertjes, Winni, Annette, Peter, Hilde, Lucia, Romke, Dick, 
Thelma en Ben. Van de andere afdelingen Marieke en Helga ik vond het 
bijzonder jullie te leren kennen. Wij hebben onze projecten en een 
beetje de gebeurtenissen in onze leven tegelijkertijd doorlopen. Van 
andere universiteiten Saskia, Merel en Nelleke wat was het fijn de 
drukte in onze hoofden even uit te waaien op het strand van Egmond.  

Kedves anya és apa köszönöm. Köszönöm hogy 
megtanítottatok nemcsak nézni de látni is, nemcsak hallani de érteni is, 
nemcsak beszélni de mondani is Köszönöm hogy utamra engedtetek, 
közben magam is szülővé válva értettem csak meg igazán azt, milyen 
nehéz lehetett elengednetek az ismeretlenbe. Köszönöm bizalmatok.  

Lieve Arthur, Daniela en Wytske jullie zijn de hoofdrolspelers 
in het toneelstuk van mijn leven. In het stuk “promotieproject van 
Emőke” hield ik dan een erg lange monoloog. Jullie volgden 
nauwkeurig mijn opvoering achter de schermen om in de pauze mij te 
prijzen als ik dacht dat het niet ging, mij te dempen als ik te enthousiast 
was en advies geven als ik even de draad van mijn monoloog kwijt was. 
Met bewondering luisterde ik naar jullie woorden maar ook naar jullie 
stilltes. Wytske ik bewonder je talent om gedachten in woorden te 
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brengen. Daniela ik bewonder je emphatie, je evenwicht en je wijsheid 
waarmee je mij leerde anders te kijken. En lieve Arthur ik bewonder je 
geduld waarmee je al vroeg in de ochtend naar de citaten van Kertész 
heb geluisterd en waarmee je laat in de avond met verbeelde lucifers in 
je ogen probeerde de enthousiasme aanhouden voor mijn altijd 
zwevende gedachten.  

 Tenslotte wil ik je bedanken beste lezer voor de moeite om dit 
boek in je handen te nemen, open te slaan en te lezen en bij deze wil ik 
het dankwoord en het proefschrift afsluiten. 
 




