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The true art of memory is the art of attention.

~Samuel Johnson (1709-1784, British author)
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1. INTRODUCTION

In every waking moment of our life, we are focusing our conscious processing of
information on certain perceptions, ideas, feelings, and memories. In other words, we are
filtering information, or selectively attending to specific occurrences in our environment
(external perceptions) and to thoughts (internal perceptions) all the time. For example,
imagine you want to bake a marble cake: How much flour, butter, and sugar do you need?
How do you accomplish the task of remembering the amount of the flour without
confusing it with the amount of sugar? The present thesis addresses this problem of
selective long-term-memory (LTM) retrieval, especially in a situation where you have to
continually retrieve several internal representations (in the example above: the amount of
flour, butter, and sugar for a certain cake) associated with the same cue (marble cake,
Figure 1A). The aim is to shed light on the question which cognitive processes enable such
a focused, selective processing of memory representations considering the vast amount of
possibly interfering information.

The example above points out several critical aspects of selective retrieval that are
depicted in Figure 1B: First, when we encounter a retrieval cue, there is often more than
one piece of information related to it. Memory representations that are more closely
associated with each other, e.g., the ingredients of a cake or items that belong to the same
category, are usually referred to as a semantic or associative network (Anderson, 1983;
Bauml, 2008). Second, when we selectively activate a part of an associative network
(dendrogram 1) the selective retrieval of one association with the cue (the retrieval target)
can lead to a spreading of activation (dendrogram 2). This activation spread activates other
closely linked associations in the network (non-targets)(Anderson, 1983; Cohen, 1987).
Without selective retrieval, e.g., when a cue is presented without the instruction to
remember a specific association, spreading activation usually leads to an enhancement of
close associations within the network. This has also been described as semantic priming
(Lorch, 1982; Neely, 1976; Posner & Snyder, 1975). Third, the spreading of activation in
the associative network which results from selective retrieval can have different effects on

later retrieval. Although recent work has shown that selective retrieval can facilitate later
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retrieval of non-targets under specific circumstances (Baiuml & Samenieh, 2010; Chan,
2009; Goodmon & Anderson, 2011), the most common finding is that of detrimental
effects. More specifically, spreading activation can lead to an interference during selective
retrieval (dendrogram 3), because the other activated non-relevant associations with the
retrieval cue compete for retrieval with the target association. Generally, it is assumed
that the interference produced by retrieval competition necessitates cognitive-control
processes which regulate the interference in order to facilitate retrieval, e.g., by means of
inhibiting the retrieval competitors (dendrogram 4; Anderson, Bjork, & Bjork, 1994;
Bauml, 2008; Levy & Anderson, 2002). How cognitive control probably facilitates the
selective processing of the relevant in light of interference has not only been a topic of

investigation in the domain of memory retrieval, but also in perception.

A Associative Network (cake example)

marble cake

butter
275g

B Processes during selective retrieval

inhibitory control
selective retrieval spreading activation retrieval competition (retrieval-induced forgetting)

& g &I

Figure 1. A. Exemplary associative network. B. Processes that are assumed to be involved in

selective long-term memory retrieval (depicted in their temporal order of occurrence).

The processes that are probably involved in mediating selective retrieval bear a high
resemblance to those that mediate selective perception. For example, imagine yourself
watching a group of people playing catch with a basketball (example taken from Simons &
Chabris, 1999). The group consists of two teams: one team with white and another team

with black shirts. Your task is to count the number of times the ball is caught by the white
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team. Thus, you selectively attend to the white players. However, the simultaneous
perception of the black players draws your attention. To avoid this distraction, you try
harder to focus on the white players and to ignore the simultaneously present black
players. As Daniel Simons and Christopher Chabris have shown in 1999, the filtering of
the irrelevant information in such a scene can work so well that you might not even
notice a black gorilla walking into the scene. This example shows that the concept of
attention plays an important role for selective perception. Therefore, selective perception
is often referred to as “(visual/auditory/etc.) selective attention” (De Fockert, Rees, Frith,
& Lavie, 2001; Posner & Driver, 1992; Treisman & Fearnley, 1969). However, selective
attention can also be seen as relevant for selective retrieval. This idea has been referred to
as internal (towards memory/imaginary representations) vs. external (towards perceived
objects/features) attention (De Brigard, 2012; for a review, see Chun, Golomb, & Turk-
Browne, 2011). Accordingly, selective retrieval could be seen as selectively attending a
memory representation and spreading activation as other memory representations
intruding your attentional focus on memory. This might lead to interference, and divert
your attention from the target representation. In line with this idea, I will use the term of
“selective attention” for referring to both: selection in memory and perception.

In the following section, first, [ will provide a brief overview of the investigation of
selective attention, interference, and cognitive control (in short, referred to as “selective
processing”) in perception and memory. Second, the current state of knowledge on this
topic will be summarized with a focus on neuroimaging data (event-related potentials,
ERPs, and functional magnetic resonance imaging, fMRI). Third, the most common
paradigms for the investigation of the underlying processes will be explained. The
overlaps and differences of the findings and employed paradigms in selective processing in
perception and memory will be discussed. As will be shown, this leads to the need for a
new paradigm for the investigation of selective LTM retrieval to make it more comparable
with paradigms in other domains. Finally, I will summarize my own studies and discuss
their implications in the context of the reviewed literature, a conclusion will be drawn,

and an outlook is given for future research.
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1.1 SELECTIVE PROCESSING IN PERCEPTION AND MEMORY

Selective attention can occur on an external or on an internal level (for a review, see Chun
et al,, 2011, and De Brigard, 2012, for the role of attention in conscious recollection).
External attention can be directed towards perception, i.e., externally presented stimuli,
while internal attention can be directed towards task sets, motor responses, and memory
representations, i.e., internally presented stimuli. To point out the interrelation between
theories of selective attention, interference, and cognitive control in both domains, I will
give a short overview of some milestones in the study of selective perception and memory

retrieval.

1.1.1 SELECTIVE ATTENTION, INTERFERENCE, AND COGNITIVE CONTROL IN PERCEPTION

The most prominent work about interference during the selective processing of visually
presented information is probably the set of studies about “interference in serial verbal
reactions” in the PhD thesis of Ridley Stroop in 1935. Although he did not explicitly write
about selective attention, his work would later become acknowledged as such by Anne
Treisman, who saw his paradigm as a situation in which subjects have to selectively attend
to visual stimulus features, i.e., color or form/word (Treisman & Fearnley, 1969). Many
others later employed modified “Stroop tasks” in their studies to investigate selection and
interference in perception and memory (e.g., Botvinick, Braver, Barch, Carter, & Cohen,
2001; Botvinick, Cohen, & Carter, 2004; Compton, Huber, Levinson, & Zheutlin, 2012;
Egner & Hirsch, 2005; Fernandez-Duque & Knight, 2008; Hyafil, Summerfield, &
Koechlin, 2009; Kerns et al., 2004; Mayr & Awh, 2009; Nee, Wager, & Jonides, 2007;
Venkatraman, Rosati, Taren, & Huettel, 2009). In a Stroop task, the unattended stimulus
feature interferes with the processing of the attended feature. For example, while trying to
categorize a person by its face, a simultaneously presented name across the face interferes
with the processing of the face (Egner & Hirsch, 2005). Note, however, that in the
classical Stroop task in which the stimuli are colored words the interference is
asymmetrical: while attending the color, the word interferes much more with color

naming than the color with word reading. Stroop concluded that this might be the case
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because reading is such a highly automated process that it is impossible to look at the
letters without immediately perceiving the meaning of the word.

In the 1950s, psychological research began to focus in more depth on the concept of
selection/filtering in perception, i.e., mechanisms that control the possible interference
from simultaneously perceived but irrelevant stimuli. The most important works were
probably the ones of Colin Cherry and Donald Broadbent in the fields of auditory and
visual perception (Broadbent, 1958; Cherry, 1953). Both of them addressed the question
whether and how unattended perceptual information was processed based on phenomena
that suggested that unattended information does not completely pass by the system, but
that it is indeed processed to a certain degree. Cherry concentrated his work on selection
processes during speech perception. Besides other tasks, he used a shadowing paradigm,
during which subjects were presented with two different auditory (verbal) streams, and
had to attend to one of them while ignoring the interfering other. The ability to
selectively listen to one auditory stream, or conversation, respectively, in the presence of
other simultaneous conversations later became well-known as the “cocktail-party
phenomenon”. Cherry further found that very basic features of the unattended auditory
stream were nevertheless perceived and processed to a degree that it was recognized as
speech, and even the gender of the speaker was identified. Five years later, Broadbent
proposed with his selective-filter theory that unattended stimuli would not be processed
beyond their basic physical properties which he incorporated in a model with a processing
filter at this stage. His original theory has been generally discarded, as it could be shown
that even unattended stimuli can be identified, e.g., similar to the cocktail-party effect in
which you certainly perceive words with a special meaning, like your own name (Wood
& Cowan, 1995). However, a recent study suggests that as long as attention does not stray
from its first target — which usually occurs after about 50 ms — unattended stimuli are
indeed not processed beyond simple physical features (Lachter, Forster, & Ruthruff, 2004).
This indicates a very effective filter. Besides filtering as a control mechanism to overcome
interference, some studies also provide evidence that an enhancement of the relevant
information is the main or even only mechanism in a trial to maintain the focus on the

relevant information in light of interference (e.g., Egner & Hirsch, 2005).
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1.1.2 SELECTIVE ATTENTION, INTERFERENCE, AND COGNITIVE CONTROL IN MEMORY RETRIEVAL

Less than a decade later, the idea of selectively attending to a piece of information that has
to be further processed from all the available information has spread to another domain:
(visual) short-term memory (Hockey & Hamilton, 1970; Sperling, 1960; Treisman, 1964;
Von Wright, 1968, 1972). In 1960, Sperling already noted that visual short-term memory
does not only involve storage and retrieval, but also selection. With his “partial report”
method during which a matrix of letters (and numbers) is briefly shown, followed by the
task to report all remembered letters in a specific row, he observed that independent of
the row subjects were better at reporting a row than the complete matrix (Sperling, 1960).
Besides his valuable findings about the visual short-term-memory span in terms of storage
capacity and duration, his study also showed that selective attention is a process that can
take place on internally represented information.

At about the same time as Broadbent proposed his selective-filter theory in the field
of perception (Broadbent, 1958), selective retrieval in episodic long-term memory was
discussed in regard of pro- and retroactive interference in learning and memory. The
termini of these effects reflect the circumstances of their occurrence: The phenomenon
that earlier learned information can lead to interference during learning and recall of later
studied information has been termed “proactive interference” (Keppel & Underwood,
1962). The effect of later learning of new information leading to the forgetting, i.e.,
impaired recall, of previously learned information has been called “retroactive
interference” (Underwood, 1957).

Benton Underwood proposed that proactive interference during retrieval was caused
by the similarity of the learned material and the learning situation, e.g., temporal
proximity, and associative strength of the previously learned material. This would lead to
the forgetting of newly learned material that has not yet been as strongly associated with
the task as the previously learned material (Underwood, 1957). He called this effect
proactive inhibition as opposed to retroactive inhibition, a theory that has been around
roughly since Ebbinghaus’ report of the function of forgetting over time (Ebbinghaus,

1885; Kline, 1921).
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In a later study, a namesake of Benton, Geoffrey Underwood, investigated the
consequences of interference more specifically, i.e., how a secondary retention task
interfered with the retrieval of a word list (Underwood, 1973). In his study, subjects had
to attend to an aurally presented message list of words which they should remember for
later recall in the same serial order. At the same time, they were instructed to listen for
digits that could be presented at both ears. He found that whenever subjects had to report
the digits before reporting the list of words as compared to after reporting the words, their
recall score for the words was lower. From this, he proposed that interference during
retrieval leads to an attenuation of the interfering representation to facilitate focusing on
the (for the present task) relevant representation.

These studies highlight the importance of the order of learning and retrieval for
effects on later retrieval. As a consequence, it has been questioned whether retroactive
interference was really due to an inhibitory control process, i.e., the attenuation of
interfering information, or rather just due to the order of retrieval. Indeed, retroactive
interference seems to depend more on the order of retrieving two word lists rather than
on the strengthening of the second list, and only occurs when the second learned list has
to be retrieved previous to the first learned list (Bauml, 1997). A very informative
variation of the classical retroactive-interference paradigm, i.e., the consecutive learning
of two lists of words, is the retrieval-practice paradigm. With this paradigm, it was
possible to test how the retroactive-interference effect, i.e., weaker memory performance
for the previously learned list, is influenced by retrieval processes. In the retrieval-
practice paradigm, associations between categories and items (comparable with items
belonging to specific lists) are learned, followed by the practice of half of all associations
of half of the categories by means of cued retrieval (Anderson et al., 1994; Bauml, 2008;
Ciranni & Shimamura, 1999; Levy & Anderson, 2002). It has been repeatedly found that
memory of practiced associations is enhanced, while that of non-practiced associations
from practiced categories is impaired as compared to non-practiced associations of non-
practiced categories; an effect termed “retrieval-induced forgetting” (RIF). It suggests that
the weaker memory performance for non-practiced associations with practiced categories

was due to control processes engaged during retrieval, probably inhibition, and not only






