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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 
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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 



Chapter 1 

30 
 

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.  




