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Abstract
Psycholinguistic frameworks provide contemporary accounts of immediate serial recall (e.g.,
N. Martin & Saffran, 1997; R. C. Martin, Lesch, & Bartha, 1999). These models emphasise
the inclusion of semantic/associative and phonological representations in verbal short-term
memory but have difficulty explaining how serial order is represented and maintained.
Conversely, computational models of immediate serial recall (e.g., Brown, Preece, & Hulme,
2000; Henson, 1998b; Lewandowsky & Farrell, 2008b; Page & Norris, 1998) have typically
concentrated on the role of temporary episodic representations on short-term recall but have
trouble accounting for the influence of multiple representations on performance. The aim of
this research was to combine these two lines of research to form a more integrative approach
to immediate serial recall. The intention was to contribute to current understandings of verbal
short-term memory by exploring how the binding of semantic/associative, phonological and
episodic representations would influence immediate serial recall.

The Deese-Roediger-McDermott (DRM) false memory paradigm was used as a
framework to investigate the role of pre-existing phonological and semantic/associative
knowledge on short-term memory. In line with the DRM framework and the embedded
components model of working memory (Oberauer, 2002), the underlying assumption of this
project was that long-term knowledge was arranged within pre-existing interconnected
semantic and phonological networks that could communicate via spreading activation (Collins
& Loftus, 1975). In Experiments 1 - 4, 80 adults aged between 18 - 53 years (M = 28.83, SD =
8.94) completed two computer-based immediate serial recall tasks during individual face-to-
face testing sessions. Each task was comprised of 40 six-word trials. To study phonological

and associate/semantic binding, the type of items within each list were manipulated such that
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lists were phonologically similar or dissimilar and associatively related or unrelated to a
never-presented critical lure. “Pure” lists contained items that were either phonologically
similar (e.g., rum) or semantically associated (e.g., jog) to the critical lure (e.g., run)
interleaved between unrelated and dissimilar words. In contrast, “hybrid” trials comprised
both items that were phonologically similar and items that were associatively related to the
critical item. Unrelated lists contained items that were not connected to a common critical lure
or to each other. To examine episodic binding, lists were presented at either a standard rate
(i.e., one word per 1,000 milliseconds) or a rapid rate (i.e., one word per 250 milliseconds).
Episodic binding was also manipulated by having participants repeat the same recall task or
by giving participants two similar recall tasks to complete. The time between the two tasks
was also varied such that participants completed the tasks in immediate succession, or after a
15-minute or 60-minute delay. In Experiments 5 and 6, healthy ageing was examined as a way
to further examine episodic binding. Forty older adults aged between 67 - 92 years (M =
75.85, SD = 6.17) with no reported cognitive impairments completed a similar procedure to
that of the younger participants. In all experiments of this project, responses were scored for
serial recall and false recall and a series of factorial ANOV As were run to analyse the results.
Across all six experiments, the false memory effect was observed and false errors
were reported to be significantly more likely during hybrid lists (p < .001) compared to other
list types. Lures were also typically recalled towards the end of the list, under conditions in
which episodic information was presumably at its weakest. False recall was not consistently
impacted by age, presentation rate, or task repetition but these variables did influence true
memory. Serial recall improved significantly with repetition (p < .01) across both age groups

and younger adults tended to recall more items in position than older adults (p < .05). In
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addition, serial recall was significantly greater during standard as opposed to rapid
presentation rate (p < .05) for younger individuals.

Together, these results support the notion that semantic/associative and phonological
information is organised in pre-existing long-term networks and that the binding of this
information can impact verbal short-term memory. These long-term activations appear to
impact memory immediately after list presentation and persist for some time after the list has
been recalled. The findings of this project also suggest that short-term recall is impacted by
the strength and distinctiveness of temporary episodic content-context associations.
Seemingly, episodic information can assist in maintaining order within the short-term system
and also help one to ignore irrelevant activated representations in memory. In addition, how
these temporary episodic bindings interact with long-term semantic and phonological
networks also appears to be important to serial recall performance.

The outcomes of this thesis highlight the role of semantic/associative, phonemic and
temporary episodic binding in verbal short-term memory, and have implications for
contemporary accounts of immediate serial recall. Some of these findings can be explained
using the embedded components model (Oberauer, 2002) whilst others are more consistent
with either psycholinguistic (e.g., R. C. Martin et al., 1999) or computational frameworks
(e.g., Brown et al., 2000, 2007; Burgess & Hitch, 2006; Page & Norris, 2009). However, no
current models of immediate serial recall are able to accommodate for all of the results of this

project, providing support for the need for an integrative approach to short-term recall.
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Chapter One: Chapter Overviews

The overarching aim of this project was to examine the influence of
associative/semantic, phonological, and episodic information on verbal short-term memory.
The intention was to contribute to current understandings of immediate serial recall and
contemporary frameworks of short-term memory. In particular, the purpose was to present an
integrative model that could accommodate for the effects of both semantic and episodic
memory on short-term recall. With this goal in mind, Chapter Two outlines the verbal short-
term memory system and provides an introduction to contemporary models of immediate
serial recall. This includes a discussion of frameworks that have focused on the role of
phonological and/or semantic information in short-term memory tasks as well as those that
have emphasised the impact of episodic information on performance. The aim of this chapter
was to develop the rationale that short-term memory research would benefit from a more
comprehensive account of immediate serial recall than what is currently available in the
literature. That is, an integrative model that is able to describe the role of semantic,
phonological and episodic information in verbal short-term memory.

The three subsequent chapters then discuss the manipulation of semantic, phonological
and episodic information. These chapters are separated into the ways in which (1) semantic
and phonological information and (2) episodic material are operationalised in this project. In
order to manipulate semantic and phonological information in the immediate serial recall task,
this project employed the Deese-Roediger-McDermott (DRM) false memory paradigm
(Deese, 1959; Roediger & McDermott, 1995). Hence, Chapter Three provides a description of
this procedure and its application within both the short- and long-term domain. To vary

episodic information in the current project, healthy ageing was investigated. Therefore,
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Chapter Four summarises the influence of the normal ageing process on memory performance
and outlines the key theoretical perspectives of age-related declines in cognition. The purpose
in discussing memory and ageing at this point of the thesis was to provide a foundation for the
inclusion of an ageing sample as a way to further manipulate episodic information in the
immediate serial recall task. The inclusion of an ageing sample was also intended to assist in
investigating and extending the possibility of an integrative model of verbal short-term
memory. As an additional means to manipulate episodic information, this thesis manipulated
presentation rate and repetition of the immediate serial recall task. Chapter Five details the
ways in which these variables have been utilised in other short-term memory studies and their
employment in false memory research.

After the relevant literature has been reviewed, Chapter Six delivers a general
rationale and overview to the research, summarising the key points raised in the earlier
chapters. The general aims and theoretical assumptions and predictions underpinning this
thesis are included in this section to provide a basis for the experiments of the project. The six
experiments of this thesis are detailed in Chapter Seven, Chapter Eight and Chapter Nine. The
overall aim of these experiments was to investigate the binding of semantic/associative,
phonological and episodic information, and the ways in which this information would
influence true and false immediate serial recall. All experiments involved two immediate
serial recall tasks using the DRM paradigm (Deese, 1959; Roediger & McDermott, 1995) and
varying speeds of presentation. A general discussion of the results of these experiments are
provided in Chapter Ten and implications for these findings in relation to an integrative model
of immediate serial recall are considered in Chapter Eleven. In addition, the contributions that

this project makes to verbal short-term memory research, false memory understandings, and
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theories on cognitive ageing are discussed. The chapter concludes with an outline of the

project’s limitations and the consideration for future directions.
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Chapter Two: An Introduction to Verbal Short-Term Memory

2.1 Chapter Outline

The aim of this chapter was to provide a preliminary understanding of the study of
verbal short-term memory. The chapter begins with an introduction into the structure, its
function and key theoretical bases of the memory system. A focus is then drawn more
specifically to the exploration of verbal short-term memory using the immediate serial recall
task. The predominant frameworks used to explain the effects of immediate serial recall are
discussed and gaps in the current literature are acknowledged. The chapter concludes with a
consideration of the potential areas for future research thereby outlining the direction for the

current project.

2.2 The Memory System

Memory is critical to nearly every aspect of development across the lifespan. It is
comprised of ones’ ability to encode, store, manipulate, and retrieve information. Traditional
models of the human memory system have typically differentiated between short- and long-
term memory (e.g., Atkinson & Shiffrin, 1968; Baddeley & Warrington, 1970; Broadbent,
1957; Craik & Lockhart, 1972; James, 1890; Scoville & Milner, 1957; Shallice & Warrington,
1970; Vallar & Papagno, 2002; Waugh & Norman, 1965). Those in favour of multiple
memory systems often emphasise the differences in the duration and capacity of those
systems. Long-term memory is usually defined as a system of long-term storage, able to
capture large amounts of information over extended periods of time. It is often described as an
archive of information varying in both detail and accessibility. The conscious, declarative,
explicit form of long-term memory is typically divided into semantic and episodic

components. Semantic memory is defined as a system for storing general knowledge and
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world facts generally considered to persist across the lifespan while episodic memory is
presumably where autobiographical information is retained and typically declines in older age
(Craik & Rose, 2012; Gardiner, 2001; Squire, 1992; Tulving, 1972, 1983, 2002; Wheeler,
Stuss, & Tulving, 1997).

In contrast, short-term memory is frequently referred to as a structure of temporary
storage, posited to hold a limited amount of information, for a restricted duration of time (e.g.,
Atkinson & Shiffrin, 1968; Baddeley & Hitch, 1974; Cowan, 2008; Miller, 1956; Peterson &
Peterson, 1959; Neath & Surprenant, 2003). Information in short-term memory is considered
the focus of attention, which is highly accessible, albeit greatly susceptible to forgetting.
Some presume this vulnerability to forgetting over the short-term is the result of decay (e.g.,
Baddeley, 1986, 2000; Brown, 1958; Burgess & Hitch, 1999; Cowan, 1999; Page & Norris,
1998; Peterson & Peterson, 1959) although others highlight the role of interference (e.g.,
Brown & Hulme, 1995; Keppel & Underwood, 1962; Nairne, 1990a; Waugh & Norman,
1965). The cause of short-term forgetting continues to be a source of ongoing debate in the
literature. Nonetheless, there is general agreement that there are limits to the storage of
information in the short-term system.

Short-term memory is notably described in Baddeley’s multicomponent model of
working memory (Baddeley, 1986; Baddeley & Hitch, 1974). In this model, working memory
is defined as a temporary information storage system, limited both in capacity and duration, in
which information decays over time without rehearsal (Baddeley, 1986; Baddeley & Hitch,
1974). This framework depicts working memory as the summation of three major
components, namely the visuospatial sketchpad responsible for retaining visual information,

the phonological loop required for holding verbal information, and the central executive for
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maintaining attentional control. The phonological loop is further divided into the phonological
store, whereby information over the short-term is encoded and held, and the articulatory
rehearsal in which information is maintained via rehearsal (Baddeley, 1986, 2000).

Whilst Baddeley’s (1986) tripartite model was based on the notion of separate short-
and long-term systems, in a later revision the contribution of long-term memory to working
memory was also acknowledged with the inclusion of a fourth component (Baddeley, 2000).
This additional constituent, referred to as the episodic buffer, was incorporated into the model
in order to explain the transfer in information and influence between the different structures of
memory (Baddeley, 2000). Although working memory is not always considered analogous to
short-term memory, the two terms are often used interchangeably and some suggest at least
partial overlap between the two concepts (e.g., Cowan, 2008; Engle, 2002). Irrespective of
which term (or both) is adopted, most current memory frameworks that focus on a temporary
storage system dictate that without rehearsal or transferral to long-term memory, information
over the short-term will be lost (Nairne, 2002). The depiction of memory as a multi-store
arrangement has been supported by neuropsychological case studies describing double
dissociations between short- and long-term memory (e.g., Milner, Corkin, & Teuber, 1968;
Warrington & Shallice, 1969), and brain imaging techniques that note different neural regions
are activated when various memory tasks are employed (e.g., Talmi, Grady, Goshen-
Gottstein, & Moscovitch, 2005).

It is important to note however that there is growing consensus in modern memory
literature regarding the similarities between short- and long-term memory (e.g., Brown,
Preece, & Hulme, 2000; Cabeza, Dolcos, Graham, & Nyberg, 2002; Cowan, 1988, 1995;

Crowder, 1993; Crowder & Neath, 1991; Jonides et al., 2005; Melton, 1963; Nairne, 1991;
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Neath & Crowder, 1990, 1996; Ranganath, Johnson, & D’Esposito, 2003; Surprenant &
Neath, 2009). Several studies have promoted the idea that short- and long-term memory may
actually exist on a continuum (Keppel & Underwood, 1962; Melton, 1963; Postman, 1964)
and some neuropsychological investigations have questioned the notion of a double
dissociation between the two memory stores (e.g., Jonides et al., 2008; Ranganath &
Blumenfeld, 2005).

In addition, a number of frameworks have been developed based on the presumption
of a more unitary memory system. Some of these models define short-term memory (or at
least a considerable part of short-term memory) as activated long-term memory (Anderson, et
al., 2004; Cowan, 1988, 1995, 2000; McElree, 2001; Oberauer, 2002; Verhaeghen, Cerella, &
Basak, 2004). Cowan (1995, 1999, 2000), for example, posits an embedded components
model in which short-term memory is defined as representations of long-term memory with
high activation. This model highlights three areas of memory including short-term memory,
long-term memory, and the focus of attention. According to this framework, information in
focus has a high level of activation, but this activation begins to decline if attention is shifted
to something else. At this stage, however, the information representations would still be
available via short-term memory. Once activation levels have returned to original magnitudes,
the representations would only be accessible through long-term memory. In short, the degree
of activation depends on the recency and frequency of representations and whether such
representations were currently being attended to (Cowan, 1995, 1999, 2000). Irrespective of
the unitary versus multi-system debate or how the constituents of memory are classified, the
idea that the memory system is responsible for different roles appears to be a prevailing

concept in memory research. Moreover, the focus of most contemporary studies continues to
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be on the relationship between long- and short-term stores. Research into the connection
between the long- and short-term memory systems has often focused on the contribution of
long-term knowledge to verbal (speech-based) short-term memory and these investigations

have typically been undertaken by studying immediate serial recall.

2.3 Verbal Immediate Serial Recall

2.3.1 The influence of phonological knowledge.

It is widely agreed that immediate serial recall is based on phonological, lexical or
speech-based codes (Baddeley, 1986). Moreover, long-term phonological information is
thought to play a role during the immediate serial recall task. The immediate serial recall task
involves the visual or auditory presentation of items and requires immediate (verbal) recall
following list presentation. Performance is measured using strict serial (correct-in-position)
scoring, whereby items are scored correct when recalled in the exact order of presentation.
The redintegration hypothesis has been a prominent theory of immediate serial recall over
recent decades and has highlighted the influence of long-term memory on short-term recall
(Hulme, Maughan, & Brown, 1991; Schweickert, 1993). This model presumes that
performance on the immediate serial recall task requires the formation of phonological
representations of the to-be-recalled items in memory. Over time though, these
representations are thought to be lost if they are not continually rehearsed or transferred into
long-term memory. Under these circumstances it is expected that the memory trace will
degrade and be unable to be directly recalled as a response. However, the redintegration
hypothesis also proposes a secondary process that can be undertaken in order to retrieve the
to-be-recalled information (Hulme et al., 1991; Schweickert, 1993). The model presumes that

long-term lexical information can be accessed using the degraded phonological
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representations as prompts to search the more permanent memory store and retrieve a
reconstruction of the degraded short-term trace (Hulme et al., 1991; Schweickert, 1993).
Schweickert (1993) was the first to conceptualise the redintegration process within a
conceptual framework and it has been subsequently supported in other investigations (e.g.,
Brown & Hulme, 1995; Buchner & Erdfelder, 2005; Gathercole, Pickering, Hall, & Peaker,
2001; Hulme et al., 1991; Hulme et al., 1997; Lewandowsky & Farrell, 2000; Li, Schweickert,
& Gandour, 2000; Saint-Aubin & Poirier, 2005; Schweickert, Chen, & Poirier, 1999).

The redintegration model demonstrates the importance of phonological knowledge in
recalling information over the short-term. This proposition has been reinforced by the
observation that such codes can be disrupted through irrelevant background speech (Salamé &
Baddeley, 1982) or via concurrent articulation (articulatory suppression) in which rehearsal is
inhibited through the repetition of a sound (e.g., the, the, the) during item presentation and/or
recall (Baddeley, Lewis, & Vallar, 1984; Murray, 1968). Proactive interference effects have
also been demonstrated in the short-term domain and posited as an indication of phonemic
codes in the short-term system (Tehan & Humphreys, 1995). Indeed, phonological coding has
been deemed an important contributor to immediate serial recall, over and above the effects of
rehearsal and speed of articulation (Tehan, Fogarty, & Ryan, 2004).

The influence of phonology on immediate serial recall is also readily apparent when
observing the phonological similarity effect, which refers to the routine observation that
immediate recall is better for dissimilar lists compared to similar sounding (rhyming) lists
(Baddeley, 1966a, 1966b; Conrad, 1964; Conrad & Hull, 1964). Although some studies have
found different results when using different scoring measures (e.g., Fallon, Groves, & Tehan,

1999; Poirier & Saint-Aubin, 1996), with strict serial recall the phonological similarity effect
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is readily apparent in short-term memory and has formed the basis for the phonological loop
in Baddeley’s working memory model (Baddeley, 1986; Conrad, 1964; Conrad & Hille,
1968). Furthermore, the effect has been demonstrated across different age groups (e.g., Henry,
1991; Morris, 1984) and for a wide range of stimuli including lists of letters (Conrad, 1964;
Drewnowski, 1980; Wickelgren, 1965), words (Baddeley, 1966b), digits (Hintzman, 1965),
and pictures (Schiano & Watkins, 1981), as well as with repeated lists (Coltheart, 1993) and
with lists of interleaving similar and dissimilar items (Baddeley, 1968, Experiment 5; Farrell
& Lewandowsky, 2003; Lewandowsky & Farrell, 2007).

Verbal (phonological) short-term memory has also been presumed to be essential for a
variety of linguistic abilities. For instance, Baddeley and colleagues (e.g., Baddeley,
Gathercole, & Papagno, 1998; Gathercole & Baddeley, 1990; Gathercole, Willis, Emslie, &
Baddeley, 1992; Vallar & Baddeley, 1987) have conducted extensive research into the role of
the short-term system in language acquisition within the context of the working memory
model (for a review see Baddeley, 2003). Based on this research, working memory
(specifically the phonological loop) is thought to impact a number of language processes
including those involved in learning new words (e.g., Baddeley, Papagno, & Vallar, 1988)
and second languages (e.g., Atkins & Baddeley, 1998; Gathercole, Service, Hitch, Adams, &
Martin, 1999; Papagno, Valentine, & Baddeley, 1991; Papagno & Vallar, 1992; Service,
1992). In addition, this research has suggested that impairments in (phonological) short-term
memory underwrite many language disorders (e.g., Gathercole & Baddeley, 1989; Gathercole
& Baddeley, 1990). Other studies have also highlighted the link between phonological short-
term memory and learning (e.g., Gupta & Tisdale, 2009a, 2009b; for a review see Gathercole,

2006).
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2.3.2 The contribution of semantic/associative information.

While the importance of phonological codes in verbal short-term memory is well-
established, more recent investigations have also demonstrated the involvement of
semantic/associative codes within the short-term system and the role of pre-existing
semantic/associative information on immediate serial recall performance. For example,
evidence for semantic knowledge contributing to verbal short-term recall comes from
discoveries such as the better recall for words versus non-words (i.e., the lexicality effect;
Gathercole et al., 2001; Jefferies, Frankish, & Noble, 2009; Saint-Aubin & Poirier, 2000),
pseudohomophones compared to control non-words (Besner & Davelaar, 1982), high-
frequency versus low-frequency words (Hulme et al., 1997; Roodenrys & Quinlan, 2000;
Saint-Aubin, & LeBlanc, 2005; Watkins & Watkins, 1977), concrete rather than abstract
words (Acheson, Postle, & MacDonald, 2010; Allen & Hulme, 2006; Bourassa & Besner,
1994; Romani, McAlpine, & R. C. Martin, 2008; Tse & Altarriba, 2009; Walker & Hulme,
1999), content words over function words (Caza & Belleville, 1999) and pleasant as opposed
to neutral words (Monnier & Syssau, 2008) under short-term recall conditions. The semantic
similarity effect refers to the observation that during strict serial recall, words that are
semantically (categorically) similar are better recalled than words that are semantically
dissimilar, providing additional support for the influence of semantic knowledge in the short-
term domain (Neale & Tehan, 2007; Poirier & Saint-Aubin, 1995; Saint-Aubin & Poirier,
1999b; Tse, 2009; Tse, Li, & Altarriba, 2011).

It is important to note, however, that short-term memory research has traditionally
investigated semantic memory with regard to similarity as opposed to associations. This is

noteworthy because some studies have attempted to differentiate between semantic and
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associative relationships. For instance, Thompson-Schill, Kurtz, and Gabrieli (1998) defined
associations as the “probability that one word will call to mind a second word” (p. 440) (e.g.,
Nelson, McEvoy, & Schreiber, 1998) and semantic relatedness as the “similarity in meaning
or the overlap in featural descriptions of two words” (p. 440). These researchers
acknowledged that words could be highly associated and semantically dissimilar (e.g., fruit-
fly), or weakly associated and semantically similar (e.g., radish-beets) or both highly
associated and semantically similar (e.g., crown-king). Others propose that semantic
association and semantic similarity share a graded relationship (Crutch & Warrington, 2010).
McRae, Khalkhali, and Hare (2012) argued against dividing semantic memory up into
associative versus semantic relatedness/similarity and instead suggested that associations
between words were actually determined by semantic relationships. Moreover, studies that
have explored associative relatedness and serial recall have reported mixed findings. For
example, some have found that associations can negatively impact memory performance
(Underwood & Goad, 1951) while others show no effect (Crowder, 1979, Experiment 2) or
even an advantage (Tse, 2009). Nevertheless, both semantic and associative relatedness are
assumed to impact order memory in the short-term domain (Acheson, MacDonald, & Postle,
2011) and aid immediate serial recall (e.g., Stuart & Hulme, 2000; Tse, 2009; Tse, Li, &
Altarriba, 2011).

Tse (2009) for example investigated the influence of categorical and associative
similarity on immediate serial recall. Categorical similarity was manipulated by including
word lists derived from the same (e.g., apple, banana, grape) or different categories.
Associative similarity was measured by the inclusion of lists that were either associatively

related (e.g., honey, sugar, sour) or unrelated to each other. Importantly, similarity was found
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to aid immediate serial recall for both list types. That is, serial recall was greater for
associatively related versus associatively unrelated lists and for categorically similar versus
categorically dissimilar lists. Tse, Li, and Altarriba (2011) provided further strength for this
proposition. These researchers also compared associative lists (e.g., climb, mountain, peak,
steep, summit, valley) and categorical lists (e.g., cat, deer, dog, horse, lion, tiger). Consistent
with the observations of Tse (2009), an advantage for similar as opposed to dissimilar lists
was established across both list types (i.e., associatively related lists and categorically similar
lists).

Irrespective of this debate, a criticism of the redintegration model has been its focus on
phonological/lexical representations, as opposed to semantic/lexical (or associative)
representations in verbal short-term memory (Romani et al., 2008; Thorn, Frankish, &
Gathercole, 2009; Thorn, Gathercole, & Frankish, 2005). Although the framework has been
updated to allow for the contribution of semantic/lexical knowledge during the reconstructive
stage of the recall process (Poirier & Saint-Aubin, 1995; Saint-Aubin & Poirier, 1999a,
1999b, 2000), some investigations have proposed that semantic factors impact performance
much earlier on (e.g., Romani et al., 2008). That is, while the redintegration model suggests
that semantic/lexical representations impact immediate serial recall during retrieval/output
processes, other investigations have proposed that semantic factors have the potential to effect
short-term recall from the moment of list presentation (e.g., Jefferies, Frankish, & Lambon
Ralph, 2006; Knott, Patterson, & Hodges, 1997; N. Martin & Saffran, 1992, 1997; R. C.
Martin, Lesch, & Bartha, 1999; R. C. Martin & Romani, 1994, 1995; Romani et al., 2008;
Romani & R. C. Martin, 1999). In response to some of these redintegration model criticisms,

another category of verbal short-term memory models under the heading of psycholinguistic
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frameworks has become increasingly prevalent (e.g., Hartley & Houghton, 1996; N. Martin &

Saffran, 1997; R. C., Martin, 2005; R. C. Martin et al., 1999).

2.3.3 Psycholinguistic models of immediate serial recall.

Psycholinguistic models highlight the role of linguistic processes in understanding
memory performance and propose a link between the underlying mechanisms of language and
short-term memory tasks, including immediate serial recall tasks. Many of these accounts
tend to propose that long-term memory has a greater influence on short-term memory than
what is described in the traditional redintegration framework and presume verbal short-term
memory extends beyond Baddeley’s (1986, 2000) phonological loop (Acheson &
MacDonald, 2009; Cowan, 1999; Cowan & Chen, 2009; Gupta, 2003, 2009; N. Majerus,
2009; N. Martin & Gupta, 2004; R. C. Martin, 2006; Romani et al., 2008).

Psycholingusitic research has examined samples of both healthy, younger adults as
well as older participants and those suffering from cognitive impairments. For example some
support for these models has been established by studying patients with brain damage,
typically those exhibiting dissociations between semantic and phonological short-term
memory performance (Freedman & R. C. Martin, 2001; Hanten & R. C. Martin, 2000;
Hoffman, Jefferies, Ehsan, Hooper, & Lambon Ralph, 2009; N. Martin & Saffran, 1997; R.C.
Martin & He, 2004; R. C. Martin, Shelton, & Yaffee, 1994; Reilly et al., 2012; Wong & Law,
2008). These patients usually display problems in remembering semantic (or phonological)
information in short-term memory but retain the capacity to remember phonological (or
semantic) material over the short-term. For example, patients with impairments in
phonological short-term memory may retain the typical effect of lexicality but display a

reduction in the effects of phonological similarity (R. C. Martin et al., 1994). Conversely,
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patients with semantic short-term memory deficits may show attenuation of lexicality effects
on recall tasks but still exhibit the phonological similarity effect (e.g., Jefferies, Hoffman,
Jones, & Lambon Ralph, 2008). These investigations highlight the importance in considering
the role of both phonological and semantic short-term memory on episodic recall.
Neurological studies also point to an influence of semantics on episodic memory
performance (e.g., Menon, Boyett-Anderson, Schatzberg, & Reiss, 2002) and verbal working
memory over and above the influence of phonological factors (Caza, Belleville, & Gilbert,
2002; R. C. Martin & Romani, 1994). Moreover, some neuroimaging studies have suggested
that holding semantic information versus phonological information involves the activation of
different neural regions (Delvin, Matthews, & Rushworth, 2003; Fiez, 1997; R. C. Martin,
Wu, Freedman, Jackson, & Lesch, 2003; McDermott, Petersen, Watson, & Ojemann, 2003;
Poldrack et al., 1999; Shivde & Thompson-Schill, 2004). Inferior parietal lobe damage is
associated with phonological short-term memory impairments (Vallar & Papagno, 1995),
whilst semantic short-term memory problems have been attributed to damage in the left
frontal lobe (Hanten & R. C. Martin, 2000; R. C. Martin & He, 2004; R. C. Martin et al.,
1999), specifically, the left inferior and middle frontal gyri (Hamilton, R. C. Martin, &
Burton, 2010). In addition, verbal short-term memory has been presumed to be important for
various (semantic and phonologically based) linguistic skills, including those pertaining to
language comprehension and production, vocabulary acquisition, and long-term learning
(Caplan & Waters, 1999; Gathercole, 2006; Gathercole, Hitch, Service, & Martin, 1997,
Gupta & MacWhinney, 1997; Gupta & Tisdale, 2009b; Kempler, Teng, Dick, Taussig, &
Davis, 1998; R. C. Martin & He, 2004; Miller, Finney, Meador, & Loring, 2010; Monetta &

Pell, 2007; Reilly et al., 2012; Saito, Yoshimura, Itakura, & Lambon Ralph, 2003).
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R. C. Martin and colleagues (e.g., R. C. Martin & Freedman, 2001; R. C. Martin et al.,
1999) have advocated extensively for the distinction between semantic and phonological
components/stores (or buffers) in short-term memory, and propose that short-term
phonological memory is involved in learning new phonemic information whilst short-term
semantic memory is essential for the creation of new lexical-semantic material. These
researchers have formalised these ideas within a multiple buffer model of short-term memory
(R. C. Martin et al., 1999), which has been supported in various forms by other investigations
(e.g., Hanten & R. C., Martin, 2000; R. C. Martin & Freedman, 2001; R. C. Martin & He,
2004).

According to this multiple-component model (illustrated in Figure 1), the short-term
store is comprised of a network of semantic, phonological and lexical buffers of activation
responsible for retaining temporary representations in memory. There is a semantic buffer
critical for holding semantic-lexical material, an input-phonological buffer responsible for
remembering phonological information for language perception, and an output-phonological
buffer to retain phonological representations for speech production (R. C. Martin et al., 1999).
Representations within each of these temporary components are presumed to parallel
representations activated in more permanent storage components (or long-term “knowledge

structures”) (R. C. Martin et al., 1999).
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Figure 1. Multiple buffer model of short-term memory. From “Independence of Input and
Output Phonology in Word Processing and Short-Term Memory,” by R. C. Martin, M. F.

Lesch, and M. C. Bartha, 1999, Journal of Memory and Language, 41, p. 8.

Another prominent short-term memory psycholinguistic framework has been
emphasised by N. Martin and colleagues (e.g., N. Martin, Ayala, & Saffran, 2002; N. Martin
& Gupta, 2004; N. Martin & Saffran, 1992, 1997; N. Martin, Saffran, & Dell, 1996; Saffran
& N. Martin, 1990). These researchers have described a word processing account of language
and serial position based on an interactive activation model of word production (Dell &
O’Seagha, 1992; see also Dell, N. Martin, & Schwartz, 2007; Dell, Schwartz, N. Martin,
Saffran, & Gagnon, 1997; Foygel & Dell, 2000; Schwartz, Dell, N. Martin, Gahl, & Sobel,

20006). According to this activation framework (depicted in Figure 2), short-term memory is
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comprised of three types of processing levels (i.e., lexical, semantic and phonological) and
during a memory task, temporary activation spreads back and forth between these levels (N.
Martin & Gupta, 2004). This activation is thought to occur within nodes located in each
processing level and is presumed to assist in preserving item representations in memory until
output (N. Martin & Saffran, 1997). The nature of spreading activation means that as
additional representations are activated, they are able to feedback (and “refresh”)
representations that have been previously activated (N. Martin, 2009). Without this spreading

activation process, however, representations seemingly decay as soon as they are activated.

Word 1 Word 2 Word 3

Semantic

Phonological
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I !
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Lexical o O
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Figure 2. Activation model. From “Exploring the Relationship between Word Processing and
Verbal Short-term Memory: Evidence from Associations and Dissociations,” by N. Martin

and P. Gupta, 2004, Cognitive Neuropsychology, 21, p. 221.
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Based on this approach, order information is also retained via the activation process.
That is, each node (relating to each word in a list) becomes primed during list presentation
and this priming in turn leads to the activation of semantic and phonological representations,
which help to maintain the item in memory until retrieval (N. Martin & Saffran, 1997).
Spreading activation is prescribed to go from phonological to lexical to semantic
representations within the network and can accumulate over time through the
feedback/feedforward process (N. Martin, 2009). As a result, words presented earlier in the
list are activated earlier and thus have a better chance of gaining assistance from these
representations (N. Martin & Saffran, 1997). More specifically, words at the beginning of the
list have more opportunity for semantic representations to be activated (and strengthened) at
recall (N. Martin, 2009). In contrast, words at the end of the list have minimal representations
activated at the semantic level but, due to their position in presentation, will have received the
most recent activations of phonological representations (N. Martin, 2009). Thus the type and
strength of representations associated with an item is dependent on the item’s position within
the list. In this way, the activated representations are seen to assist in the maintenance of serial
order. Multiple levels of representations then serve to support serial recall. Even if one level
in the system is damaged, recall can be supported by representations at the other levels (N.
Martin & Gupta, 2004).

Although the activation model (N. Martin & Saffran, 1997; N. Martin & Gupta, 2004)
shares similarities to the multiple buffer model (R. C. Martin et al., 1999), Romani,
McAlpine, and R. C. Martin (2008) highlighted an important distinct between the two
approaches. These researchers noted that according to the multiple buffer framework,

semantic information in short-term memory was retained in a specific structure (i.e., a
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semantic buffer). In contrast, based on the activation model (N. Martin & Saffran, 1997)
short-term memory was not divided into separate components, rather it was conceptualised as
activated representations in the language network. Romani et al. (2008) proposed a revision to
the multiple buffer model, which was in line with some of the key assumptions held by the
activation model (N. Martin & Saffran, 1997). The updated framework was referred to as a

place holder model and the architecture of this model is outlined in Figure 3.

Acoustic input

Acoustic - phonological conversion

Kat top fat | phonological input buffer

Phoneme nodes k
J] ~top .... fat | .
phonological output buffer
Word nodes
J I / Articulatory planning
Semantic features e o e o o Speech

Figure 3. A place holder model of short-term memory. From “Concreteness effects in
different tasks: Implications for models of short-term memory,” by C. Romani, S. McApline,

and R. C. Martin, 2008, The Quarterly Journal of Experimental Psychology, 61, p. 315.

This short-term memory model depicted the semantic buffer not as a distinct structure

but rather as temporarily activated representations in lexical-semantic memory. In this way
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the semantic layer was described as a “virtual” (as opposed to a “structural””’) component
(Romani et al., 2008). Another important change to the model proposed by Romani et al.
(2008) involved the issue of how serial order was upheld by the short-term system. Romani et
al. suggested that the representations within the phonological input and output buffers were
essential in memory for order, referring to these buffers as “place holders.” It was speculated
that these buffers were connected to (and interacted with) semantic and lexical
representations. This interaction was depicted as bi-directional, in turn assisting in the
maintenance of order (Romani et al., 2008). These propositions were not unlike the
conclusions drawn by N. Martin and colleagues (e.g., N. Martin & Gupta, 2004; N. Martin &
Saffran, 1997), thus highlighting the trends of psycholinguistic research in explaining serial
order effects.

Although the psycholinguistic models presented in this section may differ slightly in
their depiction of the memory system, it is clear that they all emphasise the communication
between multiple representations in memory. Moreover, each framework stresses the
importance in the interaction between these representations as a means to reinforce input and
output of information over the short-term. In short, psycholinguistic research highlights the
link between semantic, phonological and lexical information and the importance in

considering this relationship during immediate serial recall.

2.3.4 The binding of semantic/associative and phonological representations.

The notion that semantic/associative and phonological representations are in some
way connected has also been emphasised by another area of research. Like several
psycholinguistic models, studies of semantic/associative and phonological binding have

presumed that both phonological and semantic/associative representations play an integral
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role in correct serial recall of words (Knott et al., 1997; Patterson et al., 1994; see also
Seidenberg & McClelland, 1989). Knott, Patterson, and Hodges (1997) for instance have
described a semantic binding hypothesis in relation to the activation model (N. Martin &
Saffran, 1990). This research has proposed that phonological and semantic representations are
linked (or bound) together and that this connection serves to stabilise the phonological trace
and aid correct serial recall (Knott et al., 1997; Patterson et al., 1994). Jefferies, Frankish, and
Lambon Ralph (2006; Jefferies et al., 2008) have established support for the semantic binding
hypothesis and have emphasised the role of the binding function in maintaining information in
verbal short-term memory.

According to the semantic binding perspective, being able to recall a (known) word
during an immediate serial recall task requires knowledge about how the phonemes (or
phonological elements) within that word are organised (Patterson et al., 1994). Phonological
representations themselves are deemed to be important to this process because speech
production and comprehension presumably reinforce output of the correct phoneme
combination (Patterson et al., 1994). However, semantic representations are also assumed to
be vital to this process because long-term semantic/lexical knowledge is thought to support
the arrangement of phonemes within a word (Patterson et al., 1994). While the binding of
these different types of representations can assist in recall, the nature of this binding also
means that if semantic memory/knowledge is degraded, impaired, or unable to be accessed, an
important source of information needed for recalling the word is gone (Patterson et al., 1994).

Support for the semantic binding hypothesis has often arisen through studies of
(typically older) patients with semantic dementia (e.g., Patterson et al., 1994; Jefferies et al.,

2008). During immediate serial recall these patients stereotypically make phoneme migration
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errors by incorrectly combining the phonemes of different words together (e.g., mint, rug
recombined as rint, mug) (e.g., Patterson et al., 1994). The source of these migration errors
has been linked to impairments in long-term semantic memory, a characteristic of semantic
dementia (Jefferies et al., 2004; Jefferies, Jones, Bateman & Lambon-Ralph, 2005; Knott et
al., 1997, 2000; Patterson et al., 1994). In turn, deficits in semantic knowledge are thought to
impact semantic-phonological binding (Jefferies et al., 2008). A similar pattern of results has
also been observed in healthy participants through the employment of unpredictable mixed
lists of words and nonwords (Jefferies et al., 2006).

These concepts have underlined an additional criticism of the redintegration approach.
Traditionally the model has been described as an item-based account of immediate serial
recall (Hulme et al., 1997; Schweickert, 1993). That is, it presumes that the effects of item
frequency on recall only influence the relevant item and only occur at the time each individual
item is recalled (Hulme, Stuart, Brown, & Morin, 2003). The importance of inter-item
associations in short-term immediate serial recall tasks, however, has become increasingly
apparent (e.g., Cowan, Baddeley, Elliott, & Norris, 2003; Hulme et al., 2003; Stuart & Hulme,
2000). Hence, the redintegration framework has been criticised for its failure to take into
account the impact of whole list composition on performance (e.g., Jefferies et al., 2006;
although see Hulme et al., 2003; Stuart & Hulme, 2000 for revisions to the model). Indeed
semantic-binding further emphasises the idea that long-term representations are important to
short-term memory much earlier than the redintegration hypothesis suggests, supplementing
many of the underlying presumptions of current psycholinguistic accounts. The notion that

semantic and phonological information are able to bind together to impact serial recall is
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another key assumption common to both psycholinguistic frameworks and the semantic-

binding hypothesis.

2.3.5 The organisation of memory in long-term networks.

Many contemporary short-term memory models also highlight the importance of
understanding how long-term memory is arranged in order to appreciate the impact that
permanent knowledge can have on short-term recall. Indeed, many current memory
frameworks conceptualise the organisation of knowledge within pre-existing, interconnected
networks (e.g., Luce & Pisoni, 1998; Nelson, Kitto, Galea, McEvoy, & Bruza, 2013;
Oberauer, 2002; Poirier, Dhir, Saint-Aubin, Tehan, & Hampton, 2011; Poirier, Saint-Aubin,
Mair, Tehan, & Tolan, 2015; Vitevitch, 2008; Vitevitch, Chan, & Roodenrys, 2012). These
accounts assume that the memory/language network is arranged in such a way that concepts
that are related on some dimension have stronger associations. In turn, stronger associations
between concepts imply that they are more strongly connected and thus more likely to be
activated when the original concept is triggered through a process of spreading activation.

Importantly, spreading activation theory is not limited to short-term recall. It has also
been discussed in relation to semantic priming (Collins & Loftus, 1975), speech production
(Dell, 1986), letter processing (McClelland & Rumelhart, 1981), memory and problem
solving (Anderson, 1976), and false memory (Roediger, Balota, & Watson, 2001). Typically,
these accounts represent memory/language as a network of interconnected nodes (Collins &
Loftus, 1975). According to this view, a node is activated in memory when one is exposed to
a particular concept represented by that node. This activation is thought to move (or spread)
within the semantic network via connections to other related concepts (Collins & Loftus,

1975) in what is presumed to be a rapid, uncontrollable, and automatic process (Posner &
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Snyder, 1975). Other models provide similar accounts of the connection between related
words in memory and the notion of shared (or spreading) activation between them (e.g.,
Coltheart, Curtis, Atkins, & Haller, 1993; Luce & Pisoni, 1998; Marslen-Wilson, 1987; Plaut,
McClelland, Seidenberg, & Patterson, 1996).

Luce and Pisoni (1998) described in detail the arrangement of spoken words in
memory when developing the neighbourhood activation model (NAM). According to this
framework, when a word is presented the representations of other words with a similar
acoustic-phonetic (i.e., sound) pattern are also activated in memory. In developing this model,
Luce and Pisoni considered the number of words within a neighbourhood, the frequency of
words in language, and the phonological similarity between words. Based on this account,
speed and accuracy in recognising words were thought to be impacted by both the number and
nature of words in a similarity neighbourhood. Several investigations support the notion that
verbal short-term memory can be influenced by the size and frequency of the phonological
neighbourhood (Roodenrys, 2009; Roodenrys & Hinton, 2002; Roodenrys, Hulme,
Lethbridge, Hinton, & Nimmo, 2002). The phonological network is thought to be
interconnected, with links demonstrating phonological similarity between words (Vitevitch,
2008; Vitevitch et al., 2012). In particular, any words that can be derived by deleting, adding,
or substituting a phoneme from another word may be considered a phonological neighbour of
that word (Coltheart, Davelaar, Jonasson, & Besner, 1977; Goldinger, Pisoni, & Logan, 1991;
Luce & Pisoni, 1998; Vitevitch, 2008; Vitevitch et al., 2012). Words that share similar
features are presumed to be located closer together within the network, increasing the

potential for spreading activation to occur between them.
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Recently, the arrangement of long-term networks in memory has also been extended to
semantic knowledge. Generally, these studies have found that the organisation of semantic
(and associative) relationships in memory makes an important contribution to short-term
recall (Nelson et al., 2013; Poirier et al., 2011; Poirier et al., 2015). To illustrate, Poirier, Dhir,
Saint-Aubin, Tehan, and Hampton (2011) considered the role of both semantic (categorical)
relatedness and word associations on immediate serial recall. Whilst these researchers
acknowledged that long-term associations between items may limit memory search to an
activated network or at least make the items within this network easier to retrieve, this could
not solely explain semantic similarity effects. Instead, Poirier et al. suggested that long-term
semantic memory was also important for short-term recall. It was proposed that activation of
items within a network meant that the memory set was strengthened which, in turn, aided the
maintenance of item representations. Taxonomic category was presumed to be an additional
cue for the retrieval process when the items needed to be recalled. To summarise, these
researchers suggested that both long-term memory associative strength and category
similarity played a role in short-term memory.

The proposition that both associative and semantic relationships are important in
short-term memory was further emphasised in a recent study by Nelson, Kitto, Galea,
McEvoy and Bruza (2013). These researchers discussed the influence of a
semantic/associative network on episodic memory in the short-term domain. For the purposes
of their investigation, Nelson et al. shortened the name of this network to “semantic,”
however, it is clear that these researchers proposed that their research applied to both semantic
and associative relationships. Indeed, Nelson et al. emphasised that the development of this

network was the consequence of meaningful or associatively related connections. These
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researchers proposed that words existed within semantic neighbourhoods and inter-connected
with other related words to form a greater semantic/associative network. These links were
presumed to be dynamic and thus could become stronger over time with repetition and
experience. Nelson et al. demonstrated, infer alia, that the semantic/associative network of a
word was primed at encoding, which in turn could aid in its recall. However, this priming
could also spread to other words within the network, which could result in confusion and
recall error. The semantic/associative network, nonetheless, could provide meaning during the
encoding process and guidance to the search process at retrieval. Moreover, Nelson et al.
highlighted that neighbourhood density was an important contributor to recall and whether it
was helpful to recall depended on the specific task and semantic context. In light of this
research and the other investigations presented in this section, it is clear that the arrangement
of semantic/associative and phonological concepts in long-term memory and the ways in
which these concepts interrelate and communicate within pre-existing networks, makes a

significant contribution to episodic recall.

2.3.6 The role of episodic context.

The current chapter has focused on models of immediate serial recall that have
emphasised the importance and contribution of semantic memory in verbal short-term
memory thus far. In particular, these approaches have highlighted the role of long-term
phonological, semantic and lexical knowledge on immediate recall. While earlier reference
was made to distinct semantic and episodic components of long-term memory, the use of the
word “episodic” has been used as a descriptor of different memory task classes. The main
aspect of episodic tasks is that temporal or spatial context are key elements in the memory.

For example, in a free association task, participants are provided with a word such as fruit and
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are asked to generate the first fruit that comes to mind. However, in a cued recall task, the
same cue might be provided, but the instructions are to recall a fruit that occurred in the most
recent list that participants studied. “The most recent list” specifies the context that needs to
be examined for the appropriate memory to be retrieved. In relation to the immediate serial
recall task, episodic context relates to the items that have just been presented, as opposed to
the items on the previous lists, and the order in which the words in a list are presented.
Although several psycholinguistic models do acknowledge the need for a component to
explain order effects in short-term memory tasks, typically these descriptions lack detail
regarding how these processes are undertaken.

Essentially, a number of computational models have been developed to describe
immediate serial recall and many of these accounts offer a detailed description of how serial
order is represented and maintained in verbal short-term memory (e.g., Botvinick & Plaut,
2006; Brown, Neath, & Chater, 2007; Brown, Preece, & Hulme, 2000; Burgess & Hitch,
1992, 1999, 2006; Farrell & Lewandowsky, 2002; Grossberg & Pearson, 2008; Henson, 1998;
Lewandowsky & Farrell, 2008; Page & Norris, 1998; for a review see Hurlstone, Hitch, &
Baddeley, 2014). Computational models of immediate serial recall typically provide an
explanation of how items in a list are bound or associated to their serial position. Some
frameworks have focused on the role of inter-item associative chaining in maintaining serial
order (e.g., Lewandowsky & Murdock, 1989). According to this perspective, the recall of
each item acts as a prompt for the retrieval of subsequent items in the list (although for
criticisms of this view see Brown et al., 2000; Burgess & Hitch, 1999; Henson, 1998; Page &
Norris, 1998). More contemporary models, however, focus on the role of positional markers.

The underlying premise to this proposition involves the concept of temporary episodic
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bindings between representations of the item and separate representations pertaining to order,
such as list position (e.g., Henson, 1998; Lewandowsky & Farrell, 2008) or temporal context
(e.g., Brown et al., 2000). Each item is presumably connected (or associated or bound) both to
its list (and items within its list) and to its order within the list. The distinctiveness of these
positions or contexts is also emphasised by various models (e.g., Brown et al., 2007; Brown et
al., 2000; Henson 1998). The ability to distinguish between positional markers of each item is
thought to ensure that items are recalled in their correct order of presentation.

Many of these models also discuss the idea of a primacy gradient in maintaining serial
order (e.g., Brown et al., 2000; Burgess & Hitch, 1999; Farrell, 2006; Lewandowsky &
Farrell, 2008). According to this notion, recall depends on the quality or strength of an item’s
representation (or activation) in memory (e.g., Page & Norris, 1998). Presumably, levels of
activation (or quality of representations) differ across the list such that items positioned at the
beginning of the list have greater activation (stronger representations) than items towards the
end of the list (e.g., Brown et al., 2000; Page & Norris, 1998). Importantly, items with the
highest level of activation (i.e., the first items in the list) are thought to be recalled first. Many
models presume that, following recall, the activation/representation of that item is suppressed
or inhibited (e.g., Henson, 1998; Page & Norris, 1998) so that the second item then has the
highest level of activation/quality of representation and is consequently recalled. This process
is thought to continue along each item in the sequence until recall is either completed or no
more items can be retrieved. Taken together, the immediate serial recall models that have
been presented in this section imply that serial recall depends on the representations of each
item to-be-recalled, the temporary binding of each item to its list position or to the temporal

context in which it was presented, and the distinctiveness of the position/temporal context of
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each item in relation to other items to-be-recalled. This idea has been a common assumption
in contemporary short-term memory research. For instance, the role of item and context
representations in short-term was recently discussed by Jones and Oberauer (2013) during
their investigation of serial position effects. While these researchers did not focus specifically
on immediate serial recall tasks, they did discuss relation memory that included the
relationship (i.e., the order or position) of items within a list. Jones and Oberauer highlighted
that the strength of the individual item activations, the strength of the item-context bindings,
and the distinctiveness of those contexts were important to consider in regard to serial
position, and this idea was consistent with the research presented in this section.

In comparison to the psycholinguistic frameworks, it is clear that computational
models of immediate serial recall provide a more detailed understanding of the representation
of serial order in verbal short-term memory. Nonetheless, these approaches are not without
their own limitations. It has been suggested that, whilst these models focus on lexical
representations in short-term memory, they do not readily address the role of phonological or
semantic representations within the short-term system (Hurlstone et al., 2014). This criticism
has arisen in light of the growing popularity of the idea that short-term memory is a system
comprised of multiple levels of representations. In contrast, psycholinguistic models do
emphasise the importance of different types of representations, however these models fail to
provide a detailed explanation of many of the key immediate serial recall principles outlined
in the computational models such as the ways in which serial order is represented and
maintained in the verbal short-term memory system (N. Martin, 2009).

For example, while the activation model (N. Martin & Saffran, 1997; N. Martin &

Gupta, 2004) has made attempts to accommodate for serial order via linguistic processes, N.
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Martin and Gupta (2004) acknowledge that their framework does not encompass all aspects
involved in the encoding of order information. Instead, the processes outlined in the activation
model are presumed to work in combination with other mechanisms responsible for
maintaining serial order. In particular, N. Martin and Gupta refer to the notion of a “sequence
memory” mechanism described within a computational model of immediate serial recall,
nonword repetition, and word learning (Gupta, 2003, 2009; Gupta & MacWhinney, 1997).
According to the most recent version of this framework (Gupta, 2009), serial ordering in
immediate serial recall tasks are encoded, maintained, and retrieved via activations of
representations at both a sublexical (i.e., syllable) and lexical (i.e., word) level. This serial
ordering (or sequence) mechanism is referred to as a time-varying context signal (Gupta,
2009) similar to the principles of other computational models of immediate serial recall (e.g.,
Brown et al., 2000; Burgess & Hitch, 1992, 1999; Hartley & Houghton, 1996). Accordingly,
this mechanism takes “snapshots” of activated linguistic representations within a sequence at
both lexical and sublexical levels. At recall, the sequence (i.e., snapshot) can be reproduced,
although there are limits to one’s ability to recompose a sequence based on issues of decay. A
more detailed description of this approach is outlined in Gupta (1996; see also Gupta &
MacWhinney, 1997).

The point to highlight here is that while N. Martin and Gupta (2004) acknowledge that
these processes are important to serial ordering, they do not specifically accommodate for
them within their current framework. That is, psycholinguistic models still seem to be
somewhat distinct to computational accounts of short-term memory, although attempts have
been made to resolve this issue. For instance, Majerus (2009) has endeavoured to provide an

account of short-term memory in which both item and order information are accounted for.
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This perspective seemingly combines many of the assumptions of other short-term memory
frameworks (e.g., Brown et al., 2000; Burgess & Hitch, 1999; Gupta, 2003) with some of the
underlying principles of psycholinguistic frameworks (e.g., N. Martin & Saffran, 1992).
According to this approach (Majerus, 2009), phonological (sub-lexical), lexical and
semantic nodes encode item information over the short-term through temporary activations.
Seemingly, activations within each of these different types of nodes can interact, which help
to maintain activated representations, although rehearsal is also required in order to prevent
these activations from decay (Majerus, 2009). These ideas are consistent with many of the
assumptions of the activation model (e.g., N. Martin & Saffran, 1992). To explain serial order
effects, Majerus (2009) presumes that each item that is activated within the system is
associated with a different timing signal. More specifically, the nature of the immediate serial
recall task means that each item in a list is presented individually, and separated from all other
items by time. The connection of a unique timing signal to each item is thus thought to aid in
the encoding of memory for serial order (Brown et al., 2000; Burgess & Hitch, 1999).
Essentially, item and order information encoding are thought to occur in different systems,
although both systems can seemingly influence one another. The system responsible for
encoding order information is noted to be akin to depictions within the model by Gupta and
MacWhinney (1997) or Burgess and Hitch (1999). Unique to the work of Majerus, however,
an attentional control modulator is also included. The role of this modulator is to direct
attention to item or order processing, depending on the demands of the task. While Majerus
promotes the computational model as a point of reference for future work, the demand for a
more detailed investigation into serial order storage in verbal short-term memory is also

acknowledged.
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2.3.7 Semantic/associative, phonological and episodic binding.

To date, there is limited research that has directly compared the episodic and semantic
contribution to immediate serial recall. In particular, the ways in which these different
components or representations of memory may interact (or bind) to assist in serial order have
not been extensively examined. An investigation by Tehan (2010) examining associative
coding and episodic context, however, provides a recent and relevant example. More
precisely, Tehan examined the role of associative relatedness in producing false memories
(Deese, 1959; Roediger & McDermott, 1995) in verbal short-term memory. This research was
based on an update to the embedded components model of working memory by Oberauer
(2002) and the notion of associative links in long-term memory (Stuart & Hulme, 2000). The
embedded components model (Oberauer, 2002) was founded on the earlier work of Cowan
(1995, 1999), Garavan (1998) and Ericsson and Kintsch (1995) in which short-term memory
was defined as an activated portion of long-term memory. This framework (depicted in Figure
4) also acknowledged the theory of spreading activation (Collins & Loftus, 1975), and the
presence of a long-term semantic/associative network that could communicate via spreading
activation.

The embedded components model presumes that there are three states (or regions) of
representations in working memory that differ on the basis of their level of accessibility
(Oberauer, 2002). These include an activated region of long-term memory, a limited capacity
region of direct access, and the focus of attention (Oberauer, 2002). Representations within
each of these regions are connected via associative links. The activated region is described as
the activated part of long-term memory. Representations in this region can be accessed

(indirectly) by the direct access region through spreading activation between the associative
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links. The direct access region consists of the representations in working memory that are
available for the task at hand. This region is thought to contribute to the creation of new
temporary episodic bindings between existing representations (Oberauer, 2005a). Importantly,
this region has a limit to how many bindings can be maintained simultaneously. In turn, this
limit to working memory capacity means that only the most relevant information can be held
at any given time. Finally, the focus of attention describes the information that is actively
involved in the cognitive task at hand. During recall, this would include the items that have

already being selected and are actively being output (Oberauer, 2002).

Figure 4. The embedded components model of working memory. Activated (black) and non-
activated (white) nodes existing within long-term network. Larger oval represents region of

direct access, smaller oval represents focus of attention and dotted lines represent associative
links. From “Access to Information in Working Memory: Exploring the Focus of Attention,”

by Oberauer, 2002, Journal of Experimental Psychology, 28, p. 412.
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Based on this approach, for an item to be recalled during a serial recall task it must be
brought into the focus of attention, but only items within the direct access region are able to
undertake this process. This does not necessarily indicate that activations in long-term
memory do not have the ability to influence the current task. Indeed, Oberauer (2002)
presumed that when information was no longer relevant it could be quickly removed from the
direct access region, but long-term activations would take much longer to subside. Therefore,
once representations in long-term memory were activated, they were thought to persist for
some time, even when they were irrelevant to the current cognitive task. In turn, this
continued activation of long-term representations has been shown to cause intrusion errors at
recall.

Although this framework was not initially intended to examine serial recall or the
concept of associative similarity effects, Tehan (2010) was able to adapt the embedded
components model to test such predictions. Tehan employed serial recall tasks containing
associatively related and associatively unrelated lists. Associatively related lists were
comprised of the six words most strongly associated to a never presented critical word (i.e.,
referred to as a critical lure) in accordance with word association norms (Nelson et al., 1998).
In contrast, associatively unrelated lists contained six words that were not related to a
common lure or to each other. Tehan predicted that spreading activation should ensure that
associatively related lists received higher levels of activation than associatively unrelated lists,
and thus related lists would be recalled in position more often than unrelated lists. It was also
anticipated that this activation would spread to other related items within the network and thus
raise the potential for related but non-presented words (particularly the critical lure) to be

recalled by mistake. Moreover, it was presumed that the likelihood of other items interfering
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during the task would be greatest during conditions in which the most amount of episodic
information had degraded or been lost, that is, during recall of items towards the end of the
list.

In line with expectations, Tehan (2010) established that during immediate recall, lists
containing associatively related words were better recalled than associatively unrelated lists
and nearly half (45%) of the participants recalled at least one critical lure. Also consistent
with predictions, lures were often recalled in later serial positions. Based on these findings,
Tehan concluded that a breakdown in episodic context led to false (associative) memories,
highlighting the impact of associative and episodic binding in verbal short-term memory. That
is, when associative (item) information and episodic (item-context) information work
together, correct recall is more likely because one is able to use both sources of information to
recall an item from the list. When episodic information has broken down and only item
information is available, the potential for false (lure) recall increases. However, this was the
first study to consider the specific ways in which semantic and episodic representations could
connect and contribute to immediate serial recall. Thus there were no existing immediate
computational frameworks that could readily account for the false memory effects observed
by Tehan. Evidently, further exploration into the area of false memory and immediate serial

recall would be advantageous to this field of research.

2.4 Chapter Summary

It is clear that immediate serial recall requires semantic/associative, phonological,
lexical, and episodic information to be successful, although the ways in which these different
forms of knowledge interact has yet to be adequately conceptualised within one

comprehensive, overarching framework. Whilst some propose a link between linguistic
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processing and order information in short-term memory (e.g., Leclercq & Majerus, 2010;
Majerus, Poncelet, Greffe et al., 2006; Majerus, Poncelet, Elsen et al., 2006; Majerus,
Poncelet, Van der Linden, & Weekes, 2008; Martin-Perez, Majerus, & Poncelet, 2012), limits
to current language models in accounting for a mechanism of serial order have been
acknowledged (e.g., Jefferies et al., 2008; Majerus, 2009; N. Martin, 2009). Conversely,
computational models of immediate serial recall have yet to fully describe the concept of a
short-term system comprised of multiple representations (Hurlstone et al., 2014). Tehan
(2010) reported evidence that associative information and episodic context could bind
together and both facilitate and hinder immediate serial recall, providing some convergence
on the role of semantic and episodic memory on verbal short-term memory. The aim of the
current project was to build on this line of inquiry by considering the binding of episodic,
semantic/associative, and phonological information in short-term recall. The purpose of the
next chapter in this thesis was to provide an overview of the associative and phonological

false memory effect in order to form a basis for the current research project.
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Chapter Three: Manipulating Semantic Memory: The False Memory Effect

3.1 Chapter Outline

The objective of this chapter was to outline the false memory effect and the influence
of associative and phonological relationships on long-term memory. The major experimental
and theoretical frameworks of false memory in the long-term domain are discussed. In
addition, the chapter provides an examination of the false memory procedure in short-term

memory to form the foundation for its use in the current thesis.

3.2 False Memory and the Deese-Roediger-McDermott Paradigm

The human memory system is not infallible. This is a key assumption held by all
current computational models of memory. The study of memory errors has made major
contributions to the understanding of the memory system. Many attribute Bartlett’s War of
Ghost experiment (1932) to the first notable exploration of memory distortion. This study has
been considered a well-known demonstration of the memory system’s vulnerability. In this
classic study Bartlett asked West-European participants to read and remember a short Native
American folk story. Over time, participants were instructed to repeatedly recall the passage
from memory. Interestingly, with repetitions much of the story was forgotten or modified to
align with the participants’ cultural expectations. The memory distortions observed in
Bartlett’s research appeared to demonstrate the constructive nature of memory. From this
investigation it became apparent that memories were the summation of multiple information
sources, reflective of the actual event plus an individual’s knowledge, beliefs and experiences.
Consequently, memories are rarely (if ever) a perfect replication of an event. Information

sources can be misattributed (e.g., Jacoby, Kelley, Brown, & Jasechko, 1989; Marsh, Cook, &
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Hicks, 2006) and memories can be misled or susceptible to suggestion (e.g., Loftus, Miller, &
Burns, 1978; Loftus & Palmer, 1974).

The implications of such distortions have been far reaching and interest has often been
focused on eyewitness testimonies (e.g., Loftus et al., 1978; McCloskey & Zaragoza, 1985;
Ross, Ceci, Dunning, & Toglia, 1994; Wells & Bradfield, 1998) and memories “recovered”
during therapy (e.g., Hyman, Husband, & Billings, 1995; Lindsay & Read, 1994; Loftus,
1993). These investigations have commonly relied on some form of narrative to induce false
memory. Roediger and McDermott (1995), however, posited that even a list-learning
methodology could invoke false memories and thus developed the now well-known and
readily employed Deese-Roediger-McDermott (DRM) false memory task (Deese, 1959;
Roediger & McDermott, 1995). Indeed, over the last two decades, examination of false
memory has largely been through the employment of the DRM task under long-term memory

conditions.

3.2.1 Semantic/associative false memory.

The popularity of the DRM (Deese, 1959; Roediger & McDermott, 1995) framework
has been attributed to the simplicity in its employment which, in turn, is thought to allow
greater control, reliability and adaptability across many domains, populations, test designs,
and other manipulations (for a review see Gallo, 2010). The creation of the DRM paradigm
was motivated by Deese’s (1959) work on intrusions and associative lists. Deese investigated
the relationship between frequency of word associations and the likelihood of intrusions in
immediate free recall. In this research, lists were comprised of the 12 words most strongly
associated to a critical (never presented) word. Deese observed that on some lists the critical

word was recalled even though participants were never exposed to the word, referring to this
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error as an intrusion. Moreover, Deese found that the likelihood of a critical word being
recalled as an intrusion depended on its association to the list words. Such conclusions formed
the impetus for Roediger and McDermott’s work on false memory.

In its traditional form, the DRM task (Deese, 1959; Roediger & McDermott, 1995)
involves the presentation of 15-word lists that are related to a never presented critical item or
lure. These words are typically the 15 strongest associates (i.e., the words most likely to be
produced in response) to each critical lure, as taken from word association norms (e.g.,
Nelson et al., 1998). For example, thread, pin, eye, sewing, sharp, point, prick, thimble,
haystack, thorn, hurt, injection, syringe, cloth, and knitting are associates of the lure needle
(Stadler, Roediger, & McDermott, 1999). The extent to which an item is related to a lure is
referred to as its backward associative strength (BAS) and has been considered the strongest
predictor of false memory within the DRM paradigm (Deese, 1959; McEvoy, Nelson, &
Komatsu, 1999; Roediger, Watson, McDermott, & Gallo, 2001). Immediately after a list
presentation in the standard DRM task, a free recall task and subsequent recognition task are
employed. That is, participants initially recite the presented items in any order without
guessing and are then asked to identify the studied items from a list.

When Roediger and McDermott (1995) initially employed the DRM task, critical lures
were often falsely recalled and recognised even though they were never presented. Moreover,
participants frequently reported high levels of confidence that these lures had appeared in the
studied list. False recognition of the critical lures was also close to that of the presented items.
In response, Roediger and McDermott proposed that participants appeared to have difficulty
in differentiating words that were studied from their critical lures. Since their initial

investigation Roediger and McDermott’s results have been replicated extensively (e.g.,
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McDermott, 1996; Payne, Elie, Blackwell, & Neuschatz, 1996) and the false memory effect
has been reported across the lifespan (e.g., Balota, Cortese, et al., 1999; Sugrue & Hayne,
2006), and even when participants are explicitly forewarned about the effect (e.g., McDermott
& Roediger, 1998). Furthermore, participants often report memories of seeing the critical lure
in the list as opposed to just guessing (e.g., Mather, Henkel, & Johnson, 1997; Payne et al.,
1996). These investigations highlight the robustness of the false memory effect.

One of the most prevailing accounts of semantic/associative false memory is the
activation/monitoring theory (AMT) (McDermott & Watson, 2001; Robinson & Roediger,
1997; Roediger, Balota, & Watson, 2001; Roediger & McDermott, 1995, 2000). AMT
consists of two processes, aptly named activation and monitoring, both of which are deemed
important during encoding and retrieval (Roediger, Watson, et al., 2001). The activation
process of AMT in particular has been largely influenced by the theory of spreading
activation. According to AMT, when list items are presented in a false recall task (e.g., bed,
snooze, tired) and participants are required to encode the information for later recall, the
representations within the pre-existing semantic/associative network can become activated.
This activation can spread both consciously (e.g., McDermott, 1997) or unconsciously (e.g.,
Seamon, Luo, & Gallo, 1998) to other related concepts (e.g., sleep) (Collins & Loftus, 1975;
Roediger, Watson, et al., 2001). In the DRM task (Deese, 1959; Roediger & McDermott,
1995), list items are selected based on being the strongest associates to the critical lure,
therefore the lure is highly likely to also be activated during this process. At recall, those
items with high levels of activation (including the lure) are more likely to be recalled.

The other key process of AMT is monitoring, which has been influenced heavily by

source monitoring accounts of memory (Johnson, Hashtroudi, & Lindsay, 1993; Johnson &
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Raye, 1981). According to this view, the ability to distinguish among sources of information
in a memory task during both encoding and retrieval will impact performance. That is, one
must differentiate between the information they are required to remember/recall (i.e., the
information or event actually taking place in the task) and thoughts that may have arisen as a
result of the task (Roediger, Watson, et al., 2001). In the DRM paradigm (Deese, 1959;
Roediger & McDermott, 1995) this ability to discriminate between information sources is
thought to be particularly difficult. Assuming that the critical lure has received a high level of
activation during encoding, it may be challenging to discern the list items from other non-
presented but related items at retrieval (Roediger, Watson, et al., 2001) even when one is
given warning about the critical lure (Gallo, Roberts, & Seamon, 1997; Gallo, Roediger, &
McDermott, 2001; McDermott & Roediger, 1998).

Whilst AMT has been a prominent model in the false memory literature, there are
several other frameworks that may also account for the false memory effect. Historically, the
other leading theory of false memory that provides an explanation for semantic/associative
false memory in the DRM paradigm (Deese, 1959; Roediger & McDermott, 1995) is gist
theory, described within the fuzzy trace theory (FTT) (Brainerd & Reyna, 1990; Brainerd,
Reyna, Wright, & Mojardin, 2003; Reyna & Brainerd, 1995). According to gist theory, there
are two types of memory representations or traces that are created during memory task
information encoding, namely, gist traces and verbatim traces. Presumably, gist traces form a
summary of the information presented while verbatim traces provide more specific
representations of the stimuli (Brainerd & Reyna, 1998; Schacter, Verfaellie, & Pradere,
1996). In the DRM task, the information that one remembers is thought to include specific

items within the list (i.e., verbatim traces) as well as the essence of the list items, that is, any
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(semantic/associative) commonalities between items (i.e., gist traces). The gist trace is
considered to be strongest for the critical lure rather than for any individual list items
(Brainerd & Reyna, 1998), therefore ensuring a high likelihood that it will be remembered
(and thus recalled/recognised). Whilst the false memory literature has yet to reach a consensus
on an overarching framework as noted by Gallo (2010) in a 15-year review of the DRM
illusion, when comparing gist theory to AMT, the underlying processes may not be mutually

exclusive.

3.2.2 Phonological false memory.

Irrespective of whether AMT or FFT is used to explain the false memory effect, most
false memory investigations have focused on semantic/associative over phonological
presentations. This is noteworthy given that early examinations of false memory suggested
that phonemic lists were associated with memory errors comparable to (Anisfeld, 1969) or
even greater than, the level of errors arising from semantic lists (Cramer & Eagle, 1972). The
dominance of semantic/associative false memory may not be that surprising, however, when
one considers the history of false memory inquiry and the traditional view of long- versus
short-term memory. Previous false memory studies have focused almost exclusively on the
effects in a long-term memory paradigm. This has included the DRM framework (Deese,
1959; Roediger & McDermott, 1995), which has been the principal procedure for
investigating false memory over recent decades. In its typical form, the DRM task contains
long lists of items and may include delays between list presentation and recall/recognition.
Long-term memory has been presumed to store information predominately as semantic codes
(e.g., Sachs, 1967). In contrast, encoding in short-term memory has been assumed to be

largely auditory (e.g., Conrad, 1964) or visual (e.g., Della Sala, Gray, Baddeley, Allamano, &
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Wilson, 1999). Given the main focus of false memory has been in the long-term domain, it is
not unexpected that a large number of studies have concentrated on such distortions in
semantic information.

Sommers and Lewis (1999), however, noted that several processes proposed to
account for semantic/associative false memory (e.g., Collins & Loftus, 1975) appeared to be
similar to the processes underlying models of spoken word recognition. These models
provided similar accounts of the relationship between words in memory and the notion of
shared (or spreading) activation between words (e.g., Coltheart, Curtis, Atkins, & Haller,
1993; Luce & Pisoni, 1998; Marslen-Wilson, 1987; Plaut, McClelland, Seidenberg, &
Patterson, 1996). In turn, Sommers and Lewis investigated phonologically related lists within
a DRM framework (Deese, 1959; Roediger & McDermott, 1995) under the assumption that
phonological similarity should act in much the same way as associative relatedness. These
researchers based their investigation on the neighbourhood activation model (NAM) by Luce
and Pisoni (1998) as well as other studies that supported the notion of phonological false
memory (e.g., Schacter, Verfaellie, & Anes, 1997; Wallace, Stewart, Sherman, & Mellor,
1995). Sommers and Lewis predicted that the presentation of lists that were phonologically
similar (i.e., differed by only one phoneme) to a critical lure would enhance the spreading
activation to that critical item. In line with predictions, phonological similarity was found to
enhance both true recall and false recall. Consequently, Sommers and Lewis proposed that
regardless of whether lists were associatively related or phonologically similar to a critical
lure, the effects of false memory were governed by similar underlying processes.

Of course, not all studies concur with the assumptions made by Sommers and Lewis

(1999). There is some contention around whether the underlying process of false memory in
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phonological lists is analogous to those in associative lists (e.g., Ballardini, Yamashita, &
Wallace, 2008; Ballou & Sommers, 2008; McDermott & Watson, 2001; Tse et al., 2011;
Watson, Balota, & Roediger, 2003). Nonetheless, there does appear to be a general consensus
that the false memory effect can extend to lists that are phonologically related to a critical lure
in the DRM paradigm (e.g., McDermott & Watson, 2001; Tse et al., 2011; Westbury,
Buchanan, & Brown, 2001).

For instance, Westbury, Buchanan and Brown (2001) investigated phonological false
memory using the DRM paradigm (Deese, 1959; Roediger & McDermott, 1995) in an effort
to understand the organisation of the phonological network. In particular, these researchers
aimed to determine if there was a specific part of a word that was most important to the
phonological false memory effect. In Experiment 1, there were four different list types that
participants had to study: a HEAD condition in which list items shared the first and second
phonemes with the critical lure; an IP condition in which list items shared the first phoneme
with the lure; a RIME condition in which list items shared the last two phonemes with the
lure; and an UNRELATED condition in which list items had no phonemes in common with
the lure. In this experiment, significantly more false memories were produced during the
HEAD (p <.001), IP (p < .005), and RIME (p < .005) conditions when compared to the
unrelated condition. Significantly more false memories were also produced during the HEAD
condition as opposed to the IP (p < .005) or RIME (p < .005) condition (these conditions did
not significantly differ from one another). In Experiment 2, when HEADS and RIMES were
combined on the same list, the magnitude of false memories produced had increased further
(when compared to Experiment 1). Westbury et al. suggested that by creating a phonological

conjunction (i.e., by combining HEADS and RIMES on the same list), information about the
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critical lure could converge, leading to greater false memory. In short, these researchers
concluded that the extent of phonological overlap between list items and the lure impacted
false memory and provided support for the notion of a phonological neighbourhood.

3.2.3 Hybrid lists: Associative and phonological false memory.

Phonological false memory has also been explored through the employment of hybrid
lists. In false memory studies, hybrid lists are comprised of words that are associatively
related (e.g., ill) as well as words that are phonologically similar (e.g., sif) to a common
critical lure (e.g., sick). For instance, Watson, Balota and Sergent-Marshall (2001)
investigated false memory using hybrid lists. The impact of healthy ageing and dementia of
the Alzheimer’s Type (DAT) on the false memory effect was also investigated. A mixture of
younger and older adults were included in the study. The older adults’ health status ranged
from healthy, to very mild DAT, to mild DAT. The study contained lists that converged on a
critical lure via semantic association, or phonological association, or both. Lists comprised of
only semantic or phonological associates were referred to as pure lists while those that
contained a mixture of association types were defined as hybrid lists. Hybrid lists were
interleaved such that associate list order was either semantic-phonological-semantic-
phonological and so on, or phonological-semantic-phonological-semantic and so forth. Using
these lists, list type was found to significantly impact veridical and false recall. Irrespective of
age or disorder, veridical recall was significantly greater (p < .001) for pure semantic lists
compared to pure phonological lists or hybrid lists. For false recall, a different pattern of
results emerged. False recall was significantly greater (p < .001) for hybrid lists than for pure

semantic lists and pure phonological lists. Based on these results, Watson et al. (2001)
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concluded that the hybrid lists had “superadditive” effects on false memory and other studies
have supported this presumption (e.g., Watson et al., 2003).

Some researchers have proposed that the superadditive effects of hybrid lists are due
to an interaction between the long-term semantic/associative and phonological networks
(Roediger, Balota, & Watson, 2001; Watson et al., 2003). Based on the interaction activation
model of speech production (Dell & O’Seaghda, 1992; Dell et al., 1997), it has been
suggested that the convergence of phonological and semantic activation representations in
memory push activations over some type of threshold necessary for them to be recalled
(Watson et al., 2001, 2003). Consistent with this notion, Rubin and Wallace (1989) used a
word generation task to demonstrate that there was an enhanced likelihood of generating the
desired word if a cue was related to that word both phonologically and semantically, as
opposed to conditions in which the cue was only associated to the to-be-generated word on
one dimension (i.e., semantically or phonologically). Related to this idea, as an extension to
AMT, Roediger, Balota, and Watson (2001) suggested that when lists were only related on
one dimension (i.e., semantic or phonemic), the processes that follow may lead to many items
(including the critical lure) being activated. However, when lists were similar on two
independent (yet interacting) dimensions (i.e., both semantic and phonemic), the number of
items that will be activated by subsequent processes was narrowed, increasing the likelihood
of falsely recalling the critical item.

An important point to highlight is that while hybrid lists often exhibit superadditive
effects on false memory, they do not appear to consistently influence veridical memory. For
instance, Watson et al. (2001) observed that correct recall was significantly lower on hybrid

lists when compared to pure semantic lists, but comparable to performance on pure
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phonological lists. Watson, Balota and Roediger (2003) also looked at the effect of hybrid
lists on the false memory effect using a similar methodology to Watson et al. (2001). While
hybrid lists had an increased susceptibility to false memories, veridical recall remained
somewhat stable across list type. Likewise, Budson, Sullivan, Daffner and Schacter (2003)
examined the role of semantic, phonological and hybrid lists on true and false recognition,
and failed to find an effect of list type on true memory. Together, these results highlight that
in the DRM paradigm (Deese, 1959; Roediger & McDermott, 1995), list type manipulation is
more likely to influence false memory as opposed to true memory. This observation may not
be that remarkable though given that the nature of the DRM task is to create lists that induce
the false memory effect. The DRM methodology involve the selection of items based on their
connection to a non-presented critical lure as opposed to any relationship they may have with
other items in the list. Consequently, the finding that the items within the list were more likely
to impact false as opposed to true memory arguably provides support for using the DRM task

for the specific purpose of inducing memory intrusions.

3.3 False Memory in the Short-term Domain

It is important to note that while false memory has been subjected to numerous
investigations, most of these studies have not considered the effect in short-term recall.
Several recent investigations, however, suggest that false memories do extend to short-term
(and working) memory tasks (e.g., Atkins & Reuter-Lorenz, 2008, 2011; Coane, McBride,
Raulerson, & Jordan, 2007; Flegal, Atkins, & Reuter-Lorenz, 2010; MacDuffie, Atkins,
Flegal, Clark, & Reuter-Lorenz, 2012; Tehan, 2010; Tehan, Humphreys, Tolan, & Pitcher,

2004).
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Tehan, Humphreys, Tolan and Pitcher (2004) for instance, examined the influence of
pre-existing semantic networks on episodic information in short-term memory. One aim of
this study was to consider the creation of false memories in a short-term cued recall task.
Forty taxonomic categories were chosen from a norm database and within each category one
word was chosen as the ‘target’ word which might or might not then appear in the list. The
label of each category was used as a ¢ue in the study. Words that were phonologically similar
to each target item were also generated and filler items that were unrelated to the target words
or cues were also created. This process resulted in the creation of four list types: (1) lists that
contained filler items and a target word; (2) lists that contained filler items and a word that
was phonologically similar to the target word; (3) lists that contained filler items and both a
target word and a phonologically similar word; and (4) control lists of filler items that did not
contain a target word or a phonologically similar word. Under cued recall conditions,
participants were instructed to remember lists of four to eight words. After list presentation,
participants were provided with a cue (i.e., the category label) and instructed to recall a list
word from that category. Participants were subsequently asked to recall the entire list in serial
order. This procedure was employed across five experiments, with slight modifications in
stimuli and task conditions within each experiment.

In the study, Tehan et al. (2004) reported evidence of false memories. More
specifically, during cued recall participants recalled the target word at times even when it was
never presented in the list. Moreover, participants were significantly more likely to falsely
recall the non-presented target word when the lists contained the phonologically similar item
as opposed to during the control lists in which no phonologically similar word was present.

However, when the target word was contained within the list, participants were more likely to



SEMANTIC, PHONOLOGICAL, EPISODIC REPRESENTATIONS IN SERIAL RECALL 65

correctly recall it if a phonologically similar word was also included. Tehan et al. proposed
that the presentation of a phonologically similar word activated a contextual cue, prompting
episodic memory for the list. Exposure to the phonologically similar word was also presumed
to activate some of the features common to the target word (regardless of whether it was
actually presented in the list). In addition, presentation of the category label was deemed to
act as an experimental cue, eliciting a pre-existing semantic/associative network. In turn, these
researchers proposed that the combination of semantic information (of the cue) and episodic
information (pertaining to the list), could assist in recall but could also result in the creation of
false memories. These conclusions are in some ways similar to those that involve the semantic
binding hypothesis (e.g., Jefferies et al., 2006; Jefferies et al., 2008). That is, the combination
of phonemic and categorical/associative information may assist in supporting short-term
recall.

False memories have also been observed using short-term recognitions tasks. Coane,
McBride, Raulerson, and Jordan (2007) for example looked at false memory in the short-term
domain by employing an immediate recognition task containing DRM (Deese, 1959;
Roediger & McDermott, 1995) lists of three, five, and seven associates. In comparison to
other non-presented items (i.e., weak associates or unrelated items), critical lures were more
likely to be falsely recognised and slower to be rejected as incorrect. Accordingly, Coane et
al. concluded that false memories could be produced over a relatively short time period and
thus be observed in short-term memory tasks. Likewise, Atkins and Reuter-Lorenz (2008)
investigated false memory in a short-term recognition task, although a free recall task was
also included in their study. Across four experiments, participants were required to learn 4-

item lists of semantically related words. Items on each list were associates of a common
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critical lure. Following a 3-4 second filled or unfilled delay, participants performed either a
recognition task or a free recall task. During the recognition task, participants were presented
with a probe word and asked to decide whether that probe had appeared on the original list.
During the free recall task, no probe word was presented. Instead, participants were required
to freely recall the list aloud in any order. False memory was evident across both tasks, and
during both filled and unfilled retention periods. Critical lures were falsely recognised and
also more likely to be falsely recalled than other unrelated items. Atkins and Reuter-Lorenz
suggested that such findings supported the idea of an overlap between short- and long-term
memory processes. Indeed these researchers proposed that false memory research might
provide the means to continue to investigate short- and long-term memory connections.
Flegal, Atkins, and Reuter-Lorenz (2010) employed a similar recognition task to that
of Atkins and Reuter-Lorenz (2008) in order to measure false memory within a short-term
framework. The study also included a surprise recognition task 20 minutes after list
presentation in order to test long-term memory. Confidence ratings (Experiment 1) and a
Remember/Know judgement task (Experiment 2) were also included. In Experiment 1, when
participants reported that an item had appeared in a list they were subsequently asked to rate
how confident they were with that decision. In Experiment 2, participants were requested to
signify if they had: (a) remembered that the word had been in the list; (b) recognised the word
but were unable to specifically recall details of studying it during the task; or (c) just guessed.
Flegal et al. found that during both short- and long-term memory tasks, levels of confidence
ratings, false recognition errors and remember/know decisions were comparable.
Furthermore, items were confidently falsely recalled and remembered across both tasks. In

short, false memory did not appear to be limited to the long-term domain.
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More recently, MacDuffie, Atkins, Flegal, Clark, and Reuter-Lorenz (2012) considered
false memory across both short- and long-term memory paradigms. Using DRM lists (Deese,
1959; Roediger & McDermott, 1995) that were semantically associated to a non-presented
critical lure, healthy older adults were compared to adults diagnosed with mild-to-moderate
Alzheimer’s disease. The study included both a short- and long-term memory free recall task.
In the short-term memory task, lists were comprised of four items presented simultaneously
and participants were required to read the items aloud. Following list presentation, there was a
3-4 second filled retention interval after which participants were prompted to freely recall the
list. In the long-term memory task, lists included 12 words, with each word presented
individually. Participants were asked to read the items aloud as they appeared. Immediately
following list presentation, participants were instructed to freely recall the list. In both tasks,
incorrect responses were classified as either semantic intrusions, phonological intrusions, or
other intrusions. Semantic intrusions included the recall of either the critical lure or another
word that was semantically related to at least two list words. Phonological intrusions
described the recall of a word that rhymed with a list word. Other intrusions referred to the
recall of words from other lists, as well as nonwords and unrelated words. Across both
participant groups, all three types of intrusions were evident during both short- and long-term
memory tasks. With regard to the semantic intrusions, there was no significant difference in
these types of errors between groups during either task. These researchers proposed that the
underlying processes of semantic intrusions may be apparent over both the short- and long-
term.

These conclusions are also supported by neurological research, although to date there

appears to be only one study that has examined false memory over the short-term. Atkins and
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Reuter-Lorenz (2011) used a DRM framework (Deese, 1959; Roediger & McDermott, 1995)
and employed a short-term recognition task comprising 4-word lists that were semantically
associated to a non-presented critical lure. A fMRI was used to measure the neural
mechanisms involved in true and false recognition. After 4-second filled retention intervals,
participants were given a probe word and asked to decide whether the probe had appeared in
the presented list. The probe was either a list word, a related but non-presented word (i.e., a
lure), or an unrelated non-presented word. Using this methodology, Atkins and Reuter-Lorenz
successfully demonstrated false memory effects. Participants falsely recognised significantly
(p <.001) more lures than unrelated words. Neuroimaging was used to examine the neural
activity common to both true and false recognition memory. In line with long-term memory
research (e.g., Cabeza, 2008; Cabeza, Ciaramelli, Olson, & Moscovitch, 2008; Kompus,
Eichele, Hugdahl, & Nyberg, 2011), both true and false recognition was associated with
greater activation in the left anterior prefrontal cortex (PFC) and bilateral posterior parietal
cortex (PPC). Neuroimaging was also used to explore whether neural activity could
distinguish true versus false memory. Unique to true recognition, there was greater activity in
the left parahippocampal gyrus (PHG), the left fusiform gyrus, and the right ventrolateral
prefrontal cortex (VLPFC). These results were consistent with long-term memory research.
For example, greater activation of the left PHG has been reported in true (versus false) long-
term memory (e.g., Cabeza, Rao, Wagner, Mayer, & Schacter, 2001), and higher activity
levels in the right VLPFC are associated with tasks requiring inhibitory control (e.g.,
Chikazoe et al., 2009; Chikazoe, Konishi, Asari, Jimura, & Miyashita, 2007; Garavan, Ross,
& Stein, 1999). Furthermore, enhanced perceptual processing has been used to differentiate

true and false long-term recognition memory (e.g., Slotnick & Schacter, 2004). Based on
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these results, Atkins and Reuter-Lorenz concluded that the neural mechanisms underlying

false memory in short-term memory may overlap those of the long-term domain.

3.4 Current Understandings of False Memory based on Immediate Serial Recall Models

While no current immediate serial recall frameworks were able to describe false
memory effects, given that psycholinguistic accounts of verbal short-term memory
acknowledge the theory of spreading activation (similar to the underlying principles of AMT;
Roediger, Watson, et al., 2001), these models may provide the foundation to understand false
memory effects in immediate serial recall. Firstly, however, it is important to reiterate how
semantic and phonological memory network arrangements may contribute to the false
memory effect over the short-term. As a review, current network models presume that long-
term knowledge is arranged on the basis of semantic or phonemic relationships (Luce &
Pisoni, 1998; Nelson et al., 2013; Poirier et al., 2011; Poirier et al., 2015; Vitevitch, 2008;
Vitevitch et al., 2012). These relationships are described in the form of links that create
distinct yet inter-related networks. These networks are envisioned to be dynamic and able to
be strengthened with repetition and experience. Encoding words into memory may prime the
to-be-recalled information within the network, providing meaning and assistance during
retrieval (Nelson et al., 2013). Through the action of spreading activation, the priming of one
word may lead to the priming of other related words that exist within the same network. In
turn, this may make it difficult to decipher whether a word was activated due to prior
exposure or simply because of the spreading nature of network activation. This confusion can
lead to memory errors if one incorrectly outputs a related, but non-presented word at recall.
From this perspective, words can impact performance without actually appearing in the

memory task (Tehan, 2010).
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Several psycholinguistic investigations have considered the way in which spreading
activation can cause interference, most notably through the recall of intrusions. Indeed a
current theme of research by R. C. Martin and colleagues (e.g., Biegler, Crowther, & R. C.
Martin, 2008; Hamilton & R. C. Martin, 2005, 2007; R. C. Martin & He, 2004) includes a
focus on the relationship between inhibition, attentional control, and intrusions in immediate
serial recall. This research generally postulates that previously presented memory
traces/activated representations compete with one another and can cause interference during
memory tasks. In turn, this has been blamed for difficulties in short-term recall (Hamilton &
R. C. Martin, 2007, 2005; R. C. Martin & He, 2004). Presumably, this interference could be
due to representations of items on previous lists, other items in the same list, or (through the
process of spreading activation) other related but non-presented items. Based on this
interpretation, the nature of spreading activation coupled with the arrangement of pre-existing
associative and phonological memory can lead to errors at recall, most notably in the form of
intrusions of related concepts, indicative of a false memory effect over the short-term.
Importantly, these suggestions are purely speculative as this psycholinguistic account has
never been formally tested in the context of the DRM false memory effect.

Other psycholinguistic accounts have emphasised the role of decay as opposed to
interference in short-term memory. Based on the activation framework (N. Martin, 2009; N.
Martin, Ayala, & Saffran, 2002; N. Martin & Gupta, 2004; N. Martin & Saffran, 1997),
activated semantic and phonological representations of words are strengthened over time
through a feedback/feedforward process. In particular, activation is thought to spread (and be
processed) in the order of phonological to lexical to semantic representations. Moreover, it is

at the semantic level that activated representations can accumulate in strength. Critically,
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however, if these activated representations decay too quickly, they are presumably unable to
make use of this process. This framework highlights the importance of spreading activation
both for the comprehension (i.e., semantics) and production (i.e., phonology) of language.
Difficulties in maintaining activation are likely to impact a range of memory and linguistic
processes. Importantly, this model assumes that the spreading activation process is also
important in maintaining serial order. Consequently, if information decays too rapidly, not
only will items in a list be forgotten, but the order in which they are to be recalled will also be
impaired and this is predominantly due to deficits in the process of spreading activation.
Some psycholinguistic accounts have focused on neurological (ageing) samples during
their investigations on intrusions and individual differences (e.g., Hamilton & R. C. Martin,
2005, 2007; R. C. Martin & Lesch, 1996). Patients with semantic short-term memory
impairments have been found to be vulnerable to making intrusion errors in immediate serial
recall tasks by recalling items from previous lists (R. C. Martin & Lesch, 1996). These
individuals have also been shown to be susceptible to proactive interference, particularly
when that interference is semantically or phonologically related to the to-be-remembered
information (Hamilton & R. C. Martin, 2007). This liability for proactive interference has
been linked to impairments in short-term memory control processes and/or difficulty in
inhibition (Hamilton & R. C. Martin, 2007). Hamilton and R. C. Martin (2005) have also
discussed the role of inhibition in the ability to suppress irrelevant information and R. C.
Martin and He (2004) have found that deficits in semantic short-term memory are linked to
problems in inhibition in short-term memory tasks. The impact of immediate serial recall
interference on healthy participants, however, requires further consideration in the context of

these models.
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While the assumptions thus far have concentrated on how contemporary immediate
serial recall accounts may explain associative or phonological false memories, the focus has
yet to be on interpreting superadditive effects of associative and phonological lists. While the
hybrid lists study has been generally limited to the long-term domain, it appears that similar
effects may be witnessed in short-term memory. The semantic binding hypothesis (Jefferies et
al., 2006; Jefferies et al., 2008; Knott et al., 1997; Patterson et al., 1994) dictates that semantic
and phonological information are bound together during serial recall tasks. Moreover, while
psycholinguistic accounts have advocated for a dissociation between phonological and
semantic representations in memory (e.g., N. Martin & Saffran, 1997; R. C. Martin et al.,
1999), these models stress that activations of an item’s representation can spread back and
forth between semantic and phonological levels. Indeed, semantic and phonological networks
appear to be able to interact with each other. The potential that a non-presented but related
word (i.e., a critical lure) would be activated (and activated more strongly) in memory would
seemingly be greater if both its semantic and phonology representations/networks were also
activated. One could argue that this process could also decrease the likelihood of other items
being activated in memory (or at least not activated as strongly) because the inclusion criteria
for activation would be narrowed. Indeed, these are general assumptions held by Roediger,
Balota et al. (2001) to explain the superadditive effects of hybrid lists on long-term false
memories. In short, hybrid lists should increase vulnerability to false memories in the short-
term system in much the same way as observed in long-term memory studies.

A final framework to consider that may provide further clarification to false memory
effects in the short-term domain is the embedded components model (Cowan, 1995, 1999;

Oberauer, 2002), which was described earlier in this thesis and is based on the theory of
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spreading activation and a long-term network of associations. According to this model, during
a short-term memory task, representations of list items are presumed to become activated in
the long-term network. In turn, this activation is thought to spread through the network to
other related, but non-presented items, which may then assist or interfere with recall. Using
the embedded components model as a theoretical framework, Oberauer (2001, 2005a, 2005b)
conducted several investigations on the ability to remove information from working memory,
within the context of ageing. These studies established age-related differences in the rejection
of intrusions. More precisely, this research reported that older adults had trouble discounting
irrelevant information (activations) from long-term memory, and this was linked to problems
in the binding of content-context representations. Influenced by dual-process accounts of
recall and recognition memory (Yonelinas, 2002), Oberauer (2005a) defined familiarity as the
matching of items (probes) at recognition to the activations in long-term memory. Conversely,
recollection was conceptualised as the comparison of the probes at recognition to the memory
representations in the focus of attention (Atkinson, Herrmann, & Wescourt, 1974; Oberauer,
2005a). Oberauer (2005a, 2005b) proposed that older adults had difficulty in discounting
intrusions in working memory because of impairments in recollection. Problems in
(temporary episodic) content-context bindings were alleged to lead to (false) familiarity with
intrusions and, in turn, cause these intrusions to be incorrectly output as a response (Oberauer,
2005b). Based on this view, one’s vulnerability to intrusion errors was related to temporary
episodic bindings of the task.

In accordance with the embedded components framework (Oberauer, 2002), the
presentation of associatively related lists would presumably activate both these items and (via

spreading activation) their associates in long-term memory. At recall this process of spreading
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activation may mean that irrelevant (but connected) items influence performance, leading to
output of the lure. Although this model does not account for a phonological network, similar
predictions could be made regarding phonologically related lists. While this section has
attempted to explain the false memory effect in the context of short-term memory models, this
discussion has remained somewhat hypothetical. Undoubtedly, greater exploration of this
topic would provide the opportunity to better accommodate for false memory effects within

contemporary accounts of immediate serial recall.

3.5 Chapter Summary

Recent studies clearly demonstrate that the false memory effect is not limited to long-
term memory, a finding that extends to both younger and older participants (Flegal et al.,
2010; MacDuffie et al., 2012). With the exception of Tehan (2010), however, no published
verbal short-term memory studies to date have investigated the false memory effect in relation
to immediate serial recall. Moreover, none of the investigations that have been discussed have
considered the notion of hybrid lists within the traditional DRM paradigm (Deese, 1959;
Roediger & McDermott, 1995). On the basis of the research presented thus far, the intention
of the current research project was to use hybrid lists in order to examine the binding of
associative and phonological information in immediate serial recall tasks. Likewise, an aim of
this thesis was to study the way in which episodic information may bind to the multiple
representations within the verbal short-term system. Although Tehan (2010) presumed that a
breakdown in episodic binding led to an increase in false memories, support for this
proposition was only based on the finding that false lures were typically recalled in later serial
positions in the list (when episodic information was at its weakest). Arguably, a more direct

manipulation of episodic context would provide the opportunity for a more comprehensive
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examination of the semantic and episodic binding impacts in immediate serial recall.
Therefore, the purpose of the subsequent two chapters was to outline the key variables that

will be used in the current research project to manipulate episodic context.
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Chapter Four: Manipulating the Episodic Context with Healthy Ageing

4.1 Chapter Outline

The goal of this chapter was to outline how episodic context would be manipulated in
this project. In particular, this project investigated immediate serial recall within the context
of healthy ageing to influence episodic information and test the notion of an integrative
model. Older participants have been employed to test underlying assumptions of short-term
memory models including psycholinguistic frameworks (e.g., Hamilton & R. C. Martin,
2007) and the embedded components model of working memory (Oberauer, 2002). The
primary aim of this chapter, therefore, was to provide an overview of the effects of ageing on

memory performance and a rationale for the inclusion of an ageing sample in this project.

4.2 Ageing effects on Episodic and Semantic Memory

There is a general consensus in memory research that normal ageing is associated with
a decline in performance (e.g., see Zacks, Hasher, & Li, 2000 for a review), although the
relationship between memory and ageing is complex. It is not as simple as just presuming that
advanced age leads to memory failure. Episodic memory in particular has been linked to
significant age-related impairments (e.g., Burke & Light, 1981; Craik & Rose, 2012; Kausler,
1994; Moscovitch & Winocur, 1992; Ronnlund, Nyberg, Bickman, & Nilsson, 2005; Zacks
& Hasher, 2006). In contrast, implicit memory (e.g., Light, La Voie, & Kennison, 1995;
Winocur, Moscovitch, & Stuss, 1996) and semantic memory (e.g., Burke & Mackay, 1997;
Piolino, Lamidey, Desgranes, & Eustache, 2007; Ronnlund et al., 2005; Wingfield & Kahana,
2002; Wingfield, Lindfield, & Kahana, 1998) seem to be related to less senescent changes

(although see e.g., Light & Burke, 1993).
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Normal ageing is presumed to impact performance on a range of episodic memory
measures (Bopp & Verhaeghen 2005; Zacks et al., 2000) including both short-term memory
tasks (e.g., Maylor, Vousden, & Brown, 1999) and working memory tasks with short
retention intervals (e.g., Salthouse & Babcock, 1991; Salthouse, Babcock, & Shaw, 1991).
Moreover, age differences in these tasks have been posited to either directly or indirectly
relate to impairments in other cognitive abilities (Bopp & Verhaeghen, 2005). On recall tasks
more specifically, results may vary. Some studies have reported age-related differences in
performance (e.g., Babcock & Salthouse, 1990) whilst others have observed comparable
levels of recall between younger and older adults (e.g., Myerson, Emery, White, & Hale,
2003). Nevertheless, older individuals have shown impairments in memory for order (e.g.,
Cabeza, Anderson, Houle, Mangels, & Nyberg, 2000; Li et al., 2010), and age-related deficits
have been established in short-term/immediate serial recall (e.g., Bopp & Verhaeghen, 2005;
Golomb et al., 2008; Neale & Tehan, 2007, Experiment 1; Noack, Lovdén, Schmiedek, &
Lindenberger, 2013; Scicluna & Tolan, 2011; Surprenant, Neath, & Brown, 2006).

There are various theoretical perspectives explaining the course of memory
performance across the lifespan. Some propose that age-related declines in episodic memory
are the result of a general decrease in (or lack of) cognitive resources needed for processing
information in a meaningful way (Craik, 1983, 1986), as well as a reduction in executive
function (e.g., Bugaiska et al., 2007; Crawford, Bryan, Luszcz, Obonsawin, & Stewart, 2000).
Declines in working memory processes (e.g., Park et al., 1996; Salthouse, 1990), controlled
attention and inhibition (e.g., Hasher & Zacks, 1988; Hasher, Zacks, & May, 1999),
processing speed (e.g., Salthouse, 1996), and sensory/perceptual ability (e.g., Surprenant et

al., 2006) have also been suggested to play a role in age-related decreases in episodic
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memory. Whilst the underlying assumptions of each of these account may diverge, all tend to
agree that the relationship between memory and normal ageing is complex and multi-faceted.

A review of the cognitive and neurocognitive implications of ageing by Craik and
Rose (2012) provides one way to consolidate current understandings in this field. These
researchers suggest that declines in attentional resources (e.g., Anderson, Craik, & Naveh-
Benjamin, 1998; Jennings & Jacoby, 1993) and cognitive control lead to decreases in both the
speed (e.g., Myerson, Hale, Wagstaff, Poon, & Smith, 1990; Salthouse, 1996) and efficiency
of processing. This is presumed to make it more difficult for older adults to encode
information into memory and thus reduce the number of representations available at retrieval
(Craik & Rose, 2012). Consequently, encoding (and retrieval) for older adults is presumed to
require more effort/attention and self-initiation, when compared to younger adults (Craik &
Rose, 2012).

Neuroimaging and neuropsychological research also supports the notion that older
individuals have difficulty with encoding, and that this contributes to age-related declines in
episodic memory (for reviews see Craik & Rose, 2012; Grady, 2008). The frontal lobes in
particular are considered important for encoding processes (Craik & Rose, 2012; Dannhauser
et al., 2008; Shing et al., 2010; Tulving, Kapur, Craik, Moscovitch, & Houle, 1994) and
studies have reported age-related reductions in frontal lobe function (e.g., Kalpouzos et al.,
2009; Rosen et al., 2002; West, 1996). Moreover, older adults have exhibited changes in the
frontal regions while encoding or learning new information (Cabeza et al., 2004; Cabeza et
al., 1997; Logan, Sanders, Snyder, Morris, & Buckner, 2002; Stebbins et al., 2002). Reduced
activity in the medial temporal lobe (MTL) at both encoding and retrieval has also been

reported (Cabeza et al., 2004; Grady, 2008; Gutchess et al., 2005). Within the MTL,
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impairments in the hippocampal formation have been connected to difficulty encoding item-
specific information (Cabeza, 2006) and age-related declines in the ability to recollect
(Cabeza et al., 2004; Daselaar, Fleck, Dobbins, Madden, & Cabeza, 2006).

Other neurological changes that have been linked to age-related memory decline
include reductions in the size of brain structure (Raz et al., 2005; Raz, Rodrigue, Head,
Kennedy, & Acker, 2004), decreases in the quality of white matter and thinning of white
matter tracts (Giorgio et al., 2010), as well as decreases in dopamine production and receptors
(Bédckman, Lindenberger, Li, & Nyberg, 2010; Braver & Barch, 2002; Park & Reuter-Lorenz,
2009). Some neural regions also show an increase in activation with ageing, including the
frontal lobes (e.g., Gutchess et al., 2005) and specifically the prefrontal cortex (PFC) (Cabeza
et al., 2004; Dennis & Cabeza, 2008; Grady, 2008; Park & Reuter-Lorenz, 2009). This over-
recruitment has been described not only as evidence of inefficiency (Grady, 2008), but also as
a compensatory mechanism in response to an ageing brain (Craik & Rose, 2012; Dennis &
Cabeza, 2008; Grady, 2008). Others have proposed that it may be a process of adaption due to
difficulty in the ability to encode episodic information into memory (Friedman & Johnson,
2014). In short, there are a range of neurological changes that appear to coincide with an age-
related decline in memory and many of these changes emphasise the role of encoding/retrieval
processes on performance.

Some investigations have also reported a link between impairments in content-context
bindings/associations and age-related decreases in the capacity, maintenance and performance
of short-term and/or working memory (e.g., Fandakova, Sander, Werkle-Bergner, & Shing,
2014). This has included the binding between an item and its position in serial recall tasks

(Golomb et al., 2008; Howard & Kahana, 2002; Murdock, 1962). Older adults routinely
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experience problems in creating connections between different pieces of information and it is
presumed that ageing impacts memory for associations to a greater extent than memory for
individual items (Naveh-Benjamin, 2000). Difficulty in creating or retrieving associations has
been linked to age-related deficits in episodic memory (Chalfonte & Johnson, 1996; Li,
Naveh-Benjamin, & Lindenberger, 2005; Naveh-Benjamin, 2000; Naveh-Benjamin, Guez, &
Shulman, 2004; Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003), and has been reported in
the short-term domain (e.g., Chen & Naveh-Benjamin, 2012; Mitchell, Johnson, Raye,
Mather, & D’Esposito, 2000; although see Bopp & Verhaeghen, 2009; Brockmole, Parra,
Della Sala, & Logie, 2008) and in immediate serial recall tasks (e.g., Naveh-Benjamin,
Cowan, Kilb, & Chen, 2007). Some suggest that age-related impairments in associations may
be due to difficulties in producing associative links in memory (e.g., MacKay & Burke, 1990).
Naveh-Benjamin (2000) referred to this notion as the associative deficit hypothesis and
subsequent studies have provided support for this proposition (e.g., Kahana, Howard, Zaromb,
& Wingfield, 2002; Naveh-Benjamin, Guez, Kilb & Reedy, 2004; Naveh-Benjamin, Guez, &
Shulman, 2004; Naveh-Benjamin, et al., 2003).

Whilst normal ageing is related to a general decline in memory for associations, this
decline is particularly apparent for temporal relationships (e.g., Balota, Duchek, & Paullin,
1989; Howard, Kahana, & Wingfield, 2006; Kahana et al., 2002). Indeed, older adults tend to
have difficulty in representing, processing, maintaining, and/or updating contextual
information in memory (e.g., Braver & Barch, 2002; Braver et al., 2001; Haarmann, Ashling,
Davelaar, & Usher, 2005; Spencer & Raz, 1994, 1995) and this is evident in the ability to
organise, associate or remember temporal context or temporal order (e.g., Noack et al., 2013).

To illustrate, Golomb, Peelle, Addis, Kahana, and Wingfield (2008) investigated temporal and
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semantic associations in younger and older adults by employing free recall and serial recall
tasks. Temporal organisation was defined as the temporal order of items within a list, which
meant taking into consideration the other list items (Howard & Kahana, 2002). Semantic
organisation was measured as the arrangement of items within a list, based on list items
belonging to similar categories. In line with predictions, younger adults performed better than
older adults on both recall tasks, although the difference in performance between age groups
was greater for serial recall. Moreover, the older adults tended to rely on semantic (as opposed
to temporal) associations even during serial recall when such a strategy was deemed to be
detrimental to performance. Based on their findings, Golomb et al. described a temporal
association deficit in older adults in which it was proposed that older adults had difficulty in
the temporal organisation of lists and (perhaps to compensate) relied on semantic associations.

Other investigations have also established that older adults are able to make use of
semantic relationships or semantic processing to aid memory performance (e.g., Morcom,
Good, Frackowiak, & Rugg, 2003; Troyer, Hifliger, Cadieux, & Craik, 2006). For example,
semantic similarity has been found to reduce the extent of age-related impairments in
associative memory (e.g., Badham, Estes, & Maylor, 2012; Naveh-Benjamin, 2000,
Experiment 4; Naveh-Benjamin et al., 2003, Experiment 2). To explain these results, some
propose that the features shared by semantically related items may lead to stronger associative
representations or links in memory (MacKay & Burke, 1990). Others suggest that semantic
relatedness may aid older adults through the use of strategies for encoding and retrieval
(Badham et al., 2012).

More generally, age-related problems with temporal as opposed to semantic

associations may be partly explained by the presumption that the latter are pre-existing whilst
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the former are a product of the task (Wingfield & Kahana, 2002). Indeed, older adults have
demonstrated difficulty in creating new or novel associations in a task (e.g., Castel, 2005;
2007; MacKay & Burke, 1990; Naveh-Benjamin, 2000; Naveh-Benjamin et al., 2003). These
propositions may explain why older adults experience impairments in serial recall. For
instance, whilst participants may be familiar with the concepts (items) presented in the list
during an immediate serial recall task (e.g., dog, hat, car, sun), it is unlikely that they would
be familiar with the order of these items prior to list presentation. In this way, the item-
position (content-context) bindings/associations could be considered novel to the task and this
may explain why older adults have difficulty remembering this information.

Further evidence for this proposal comes from an investigation by Badham, Estes, and
Maylor (2012). These researchers found that creating integrative relationships between word
pairs, in which two words created a logical expression (e.g., rice-paper), reduced age-related
differences in associative memory to a level comparable to that of semantic relatedness. In
explaining their findings, Badham et al. suggested that integrative relationships, whilst not
derived from pre-existing associations, were in line with general knowledge, making them
easier to be encoded/retrieved than unrelated word pairs. Indeed, general knowledge (or
crystallised intelligence) is often considered an important predictor of episodic memory across
the lifespan, although not presumed to be influenced by age (Craik & Bialystok, 2006). In
contrast, control/adaptive processes (or fluid intelligence) have been found to decline with age
and are considered a main predictor of performance on episodic memory tasks for older adults
(Vanderaspoilden, Adam, Van der Linden, & Morais, 2007).

Related to this argument, it is important to note that whilst research tends to presume

that normal ageing impacts episodic memory but spares semantic memory, there are several
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studies that propose that the effects of ageing are not so straightforward. For instance, Light
and Burke (1993) have highlighted that there are circumstances in which older adults show
deficits in semantic memory but exhibit no impairment in episodic processes. These
researchers propose that a better approach to memory and ageing is to separate memory on the
basis of old versus new information, with the former tending to be more preserved than the
latter in advanced age.

A review of ageing and language research by Burke and Shaft (2008) also emphasises
the complexity in understanding normal ageing effects on semantic memory. These
researchers discussed the impact of ageing on linguistic abilities in the context of an
interactive activation language model (e.g., Dell et al., 1997). The general assumptions of this
framework were that language existed within an interconnected network of representations.
These representations (or units) were thought to exist within semantic, lexical and
phonological layers; however, these layers were arranged in a hierarchical fashion such that
the semantic system was placed above the phonological system. Nonetheless, representations
could communicate with each other through the process of priming in both bottom-up and
top-down actions. That is, the priming of one unit could cause the priming of other
phonologically or semantically related units within the system. Essentially, the speed and
efficiency of this priming mechanism was considered critical for language comprehension and
production (Burke & Shaft, 2008).

In the review, Burke and Shaft (2008) discussed the effects of ageing on both semantic
and phonological processes. With respect to semantic processes, these researchers
acknowledged that the semantic system within the language model remained largely

unaffected by the ageing process. Consistent with this notion, memory for word meanings
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(e.g., Verhaeghen, 2003), semantic priming effects (Balota, Watson, Duchek, & Ferraro,
1999; Burke, White, & Diaz, 1987; Faust, Balota, & Multhaup, 2004; Howard, McAndrews,
& Lasaga, 1981; Lazzara, Yonelinas, & Ober, 2002; Tree & Hirsh, 2003), language
comprehension (Burke & MacKay, 1997) and semantic relatedness effects (e.g., Madden,
1992) are thought to be generally maintained in old age. Semantic information arrangement is
also seemingly comparable in younger and older adults (Burke, MacKay, & James, 2000;
Light, 1991; Thornton & Light, 2006; Wingfield & Stine-Morrow, 2000 although see Hirsh &
Tree, 2001; White & Abrams, 2004). Moreover, older adults can make use of semantic
information to reduce age-related differences. For example, fast speech rates may impair the
recall of older adults to a greater extent than younger adults (Stine, Wingfield, & Poon, 1986;
Tun, Wingfield, Stine, & Mecsas, 1992; Wingfield, Poon, Lombardi, & Lowe, 1985;
Wingfield, Tun, Koh, & Rosen, 1999), however, if the information is meaningful (e.g.,
constructed into a sentence), age differences are reduced (Wingfield, Peele, & Grossman,
2003).

In contrast, phonological processes such as memory for the sounds of words (James &
Burke, 2000) and language production (Burke & MacKay, 1997) seem to be largely impaired
during normal ageing. Indeed, older adults have also been found to have more difficulty than
younger adults in their ability to perceive words from dense phonological neighbourhoods
(Sommers 1996; Sommers & Danielson, 1999). Taken together, these findings highlight the
complexity in predicting the effects of ageing on semantic memory.

The transmission deficit theory represents one explanation for why ageing seems to
impair phonological, more so than semantic, mechanisms. According to this theory,

connections between representations within the language system are strengthened when they
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are activated frequently and recently, but are weakened with age (Burke & MacKay, 1997;
Burke & Shaft, 2008). Weaker connections presumably result in less priming between
representations (i.e., less communication within the network) and less activation in general
within the system (Burke & MacKay, 1997; MacKay & Abrams, 1996; MacKay & Burke,
1990). Essentially, the semantic system is thought to contain more interconnections than the
phonological system (i.e., the meaning of a complete sentence is presumed to consist of more
connections than a single phoneme) (Burke & Shaft, 2008). That is, it has been suggested that
the semantic network may become more dense (i.e., develop more connections) with age and
experience (Laver & Burke, 1993, although see Giffard, Desgranges, & Kerrouche, 2003 for
an alternative view). The notion that the semantic network is comprised of a denser network
has been suggested to account for why semantic processes are less affected by ageing than
phonological processes. That is, the semantic network is thought to have more connections
available if others are lost/weakened during the ageing process.

The transmission deficit theory has also been posited to explain the enhanced semantic
priming effects that are sometimes reported with ageing (Laver & Burke, 1993; Myerson,
Ferraro, Hale, & Lima, 1992) and the tendency for older adults to be more prone to distraction
by the presentation of semantically related (as opposed to phonologically related) information
(Taylor & Burke, 2002). That is, if the semantic networks of older adults involve many
interconnections, then presumably the priming of one word will likely lead to the priming of
many other connected representations (Taylor & Burke, 2002). Additional support for the
transmission deficit theory (Burke & MacKay, 1997) involves the impact of repetition on
memory. According to this framework, connections between representations in the language

network can be strengthened with repetition/practice (Rastle & Burke, 1996), and research has
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shown that both younger and older adults can improve their memory performance with
repetition (Light & Albertson, 1989; Light & Singh, 1987; Rastle & Burke, 1996).

Critically, the consideration of ageing within an interactive activation model (Dell et
al., 1997) provides a direct correlation to many of the principles underpinning the
psycholinguistic models of verbal short-term memory discussed earlier in this project (N.
Martin & Gupta, 2004; R. C. Martin et al., 199; Romani et al., 2008). The transmission deficit
theory’s underlying assumptions can also be (hypothetically) applied to these models. That is,
assuming that the phonological network/buffer/processing level has fewer connections than
the semantic network/buffer/processing level, it could be presumed that ageing would be more
likely to impact phonological (as opposed to semantic) processes within the memory/language
system. Another interesting point that was raised by the transmission deficit theory pertains to
the influence of repetition on performance. According to this framework, connections
between representations build up over time through experience and repetition, and this could
provide the basis for how other psycholinguistic short-term memory models might explain
repetition effects. Although this discussion is purely speculative, it does provide guidance
around the predictions of this project. Irrespective of this point, it is clear that ageing has
varying effects on memory and language, and it is difficult to propose any absolute rules on
specific memory systems or processes that are affected. Instead, the impact that advancing age

has on cognitive performance appears to depend on the demands of the task.

4.3 False Memory and Ageing
Interestingly, age-related declines in true (episodic) memory could lead one to predict
that older adults would also exhibit reductions in false memory. This idea was highlighted by

Sommers and Huff (2003) in a study of false memory and ageing using the DRM paradigm
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(Deese, 1959; Roediger & McDermott, 1995). These researchers looked at the impact of
healthy ageing and early stage dementia of the Alzheimer’s type (DAT) on phonological false
recall and recognition. In their investigation, Sommers and Huff pointed out that if false
memories arise from list (i.e., episodic) memory, one could presume that a decline in true
memory might serve as protection from the false memory effect. In support of this
proposition, amnesic patients have shown lower levels of true recall/recognition and are also
less vulnerable to false memory (Schacter, Verfaellie, & Pradere, 1996). In contrast to these
predictions however, Sommers and Huff established that healthy older adults had an increased
vulnerability to phonological false recall and recognition in comparison to younger adults.
This finding reflects the patterns reported in the wider false memory literature.

Compared to younger adults, older adults tend to be more vulnerable to suggestions
and memory distortions (e.g., Bartlett, Strater, & Hulton, 1991; Dywan & Jacoby, 1990;
Koutstaal & Schacter, 1997; Loftus, Levidow, & Duensing, 1993; Norman & Schacter, 1997;
Schacter, Koutstaal, & Norman, 1997). In the DRM paradigm (Deese, 1959; Roediger &
McDermott, 1995), older participants have been found to recall and recognise more false lures
(Balota, Cortese, et al., 1999; Norman & Schacter, 1997; Tun et al., 1998; Watson et al.,
2001) and exhibit less true recall/recognition than their younger counterparts (e.g., Balota,
Cortese, et al., 1999; Kensinger & Schacter, 1999; Norman & Schacter, 1997; Tun et al.,
1998; Watson et al., 2001). Such age-related differences in DRM false memories have been
evident in hybrid lists (e.g., Budson, Sullivan, Daffner, & Schacter, 2003; Watson et al., 2001)
as well as both purely semantically (e.g., Balota, Cortese, et al., 1999; Budson et al., 2003;
Norman & Schacter, 1997; Tun et al., 1998; Watson et al., 2001) and purely phonemically

related lists (e.g., Budson, et al., 2003; Watson et al., 2001). Neuroimaging investigations also
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reinforce age-related differences in the DRM task (e.g., Dennis, Kim, & Cabeza, 2007, 2008;
Schmitz, Dehon, & Peigneux, 2013). In particular, impaired frontal lobe function (e.g., Butler,
McDaniel, Dornburg, Price, & Roediger, 2004) and decreased cerebral asymmetry (Dennis et
al., 2007; Schmitz et al., 2013) have been linked to age-related increases in false memories.
There are several proposals to explain the relationship between ageing and false
memory. Some claim that increased false memories in older adults reflects a more general
age-related decline in episodic memory (e.g., Lovdén, 2003). For instance, older adults often
exhibit deficits in item-specific information encoding (i.e., verbatim material), and some
propose that to compensate these individuals may over-rely on more general information
about the list (i.e., gist-based details) (Kensinger & Schacter, 1999; Koutstaal & Schacter,
1997; Tun et al., 1998). This over dependence may in turn mean that older adults are more
likely to make a mistake (i.e., a false error) during retrieval (Kensinger & Schacter, 1999;
Koutstaal & Schacter, 1997; Tun et al., 1998). Other dual-process conceptualisations of
ageing and false memory have highlighted the role of recollection and familiarity (e.g.,
Jacoby, 1991, 1999). These mechanisms feature heavily in dual-process theories of recall and
recognition memory (e.g., for a review see Yonelinas, 2002). Research has suggested that age
detrimentally impacts recollection while leaving familiarity relatively intact (e.g., Bastin &
Van der Linden, 2003; Davidson & Glisky, 2002; Jacoby, 1999; Light, Prull, La Voie, &
Healy, 2000; Yonelinas, 2002; Zacks et al., 2000). Neuroimaging studies also support the
view that older adults exhibit impaired recollection or item-specific encoding, but also
produce additional familiarity or gist-based encoding, and that this may play a role in age-

related differences in false memory (e.g., Dennis et al., 2007, 2008).
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Alternative explanations have focused on a specific deficit associated with age-related
false memories rather than just a general decline in episodic memory. For example, decreased
inhibition/attentional control has often been cited as a factor in associate false memory (e.g.,
Balota, Dolan, & Duchek, 2000; Watson et al., 2001). The basic premise of this argument is
that with advancing age, one’s capacity to inhibit irrelevant information or restrict attention to
only relevant details declines (Hasher & Zacks, 1988; Hasher et al., 1999; Zacks, Radansky,
& Hasher, 1996, Experiment 3). Consequently, older adults are presumed to have both
relevant (i.e., true) and irrelevant (i.e., false) material available/activated during a memory
task, making them more prone to errors.

Other theories have attributed individual differences in the susceptibility to
interference from irrelevant information to source monitoring deficits rather than differences
in inhibition (e.g., Lilienthal, Rose, Tamez, Myerson, & Hale, 2015). From this perspective, it
is not that older adults have more activations during retrieval that leads to a greater number of
false memories, but rather it is difficulty in determining the source of these activations
(Johnson et al., 1993; Watson et al., 2004). Age-related source monitoring problems extend
beyond false memory tasks to source memory more generally and older adults have been
shown to have difficulty in differentiating and remembering the source of information across
a range of methodologies (e.g., Craik, Morris, Morris, & Loewen, 1990; Henkel, 2008;
Johnson et al.,1993; Siedlecki, Salthouse, & Berish, 2005; Simons, Dodson, Bell, & Schacter,
2004; Spencer & Raz, 1994).

It may not be surprising that source monitoring processes are routinely discussed in
relation to individual differences in the false memory effect (e.g., Unsworth & Brewer, 2010)

given that activation/monitoring theory (AMT; McDermott & Watson, 2001; Robinson &
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Roediger, 1997; Roediger, Balota, & Watson, 2001) is grounded in source-monitoring theory
(Johnson et al., 1993). According to AMT, both attentional control and self-initiated source
monitoring processes are important in reducing the false memory effect (Roediger, Balota, &
Watson, 2001). The DRM task (Deese, 1959; Roediger & McDermott, 1995) requires one to
distinguish between external activations presented at encoding (i.e., a to-be-remembered item)
versus internal activations triggered within associative networks in memory (i.e., a related
critical lure). Deficits in controlling the system responsible for monitoring the source of
information, therefore, may lead to difficulty in differentiating list items from their critical
lures (Balota, Cortese, et al., 1999; Balota et al., 2000; Roediger, Balota, & Watson, 2001;
Schacter, Koutstaal, et al., 1997; Watson et al., 2001). Importantly, the mechanisms of
monitoring and control are considered separate to the process of (automatic) spreading
activation that, according to AMT, contributes to the false memory effect but is not
necessarily impacted by age (Roediger, Balota, & Watson, 2001). Taken together, this
research suggests that age-related increases in the DRM false memory effect are more likely

to be due to problems in source monitoring as opposed to spreading activation.

4.4 Short-Term False Memories and Intrusions in Older Adults

Working memory studies also support the idea that source monitoring mechanisms are
important with regard to understanding individual differences in the false memory effect
(Gallo, 2010). As highlighted in a review by Gallo (2010), prefrontal regions (Curtis &
D’Esposito, 2003) involved in working memory processes are also involved in DRM (Deese,
1959; Roediger & McDermott, 1995) retrieval monitoring. Moreover, working memory has
been found to predict age-related false memory (McCabe & Smith, 2002). Several other

studies have also established a relationship between working memory and false memory (e.g.,
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Parker, Garry, Engle, Harper, & Clifasefi, 2008; Peters, Jelicic, Verbeek, & Merckelbach,
2007), and source-monitoring problems have been linked to age-related forgetting in verbal
working memory tasks (Hedden & Park, 2003).

Despite this connection between working memory and false memory with respect to
individual differences, to date there appears to be only one published study that has looked
specifically at the DRM false memory effect (Deese, 1959; Roediger & McDermott, 1995) in
the short-term domain, in the context of ageing (MacDuffie et al., 2012). MacDuffie et al.
(2012) investigated the impact of mild-to-moderate DAT on short- and long-term free recall
DRM tasks. False recall was evident across both tasks, although there was no significant
difference in the number of critical lures recalled (calculated as proportion of total recall)
between healthy older adults and older adults with DAT. Adults with DAT, however, output
significantly more nonsemantic intrusions than healthy participants. Unfortunately, no
younger participants were included in the study, so it is difficult to draw age-based
conclusions from the results. Nevertheless, it does suggest that semantic intrusions are evident
in healthy older adults.

Further support for this notion comes from research by Oberauer (2001, 2005a,
2005b). This research was presented earlier in this project during an initial discussion of
short-term false memory effects. As a review, these investigations were based on the
embedded components framework, and they examined the effects of ageing on the ability to
move information in and out of the limited capacity direct-access region of working memory.
Interestingly, the ability to remove information from this region was shown to be somewhat
comparable between younger and older adults (Oberauer, 2005b). Older participants did

however have more difficulty in the rejection of intrusions (presumably from the activated
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component of working memory). In turn, Oberauer (2005b) concluded that age differences in
working memory performance were not owing to older adults having problems in controlling
the direct-access region, but rather due to difficulty in controlling (or discounting) lingering
activations in long-term memory. Oberauer (2005a) also proposed that age differences in
working memory and vulnerability to intrusions were partially due to older adults
experiencing difficulties in maintaining and accessing content-context bindings. Such
problems were alleged to be the result of a false sense of familiarity with intrusions leading to
the incorrect recall of these items (Oberauer, 2005b).

Indeed these presumptions are in line with the research discussed earlier in this chapter
that posits a link between impaired episodic bindings and age-related declines in short-term
recall (e.g., Fandakova et al., 2014; Golomb et al., 2008). With the exception of Oberauer’s
research, however, there appears to be no other comparisons of short-term false memories (or
intrusions) on younger and older adults. Clearly, there is a need for additional research
surrounding the effects of ageing on short-term false memories in order to better understand
the processes that make older adults more susceptible to memory distortions and

misattributions.

4.5 Chapter Summary

To conclude, the purpose of this thesis was to explore the connections between
associative/semantic, phonological and episodic information in short-term memory. Initially,
these concepts were to be considered in relation to the general adult population. The
proposition for an integrative model nonetheless requires one to consider its extension to other
samples. For instance, ageing samples have been used to test the embedded components

model assumptions (Oberauer, 2001, 2002, 2005a, 2005b). The psycholinguistic frameworks
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introduced in the earlier chapters of this thesis (e.g., R. C. Martin et al., 1999) have also been
examined in the context of ageing and other related declines in cognition. Therefore, the
inclusion of an ageing sample in this project was intended to provide an additional means to
explore the role of semantic and episodic memory in short-term recall and contribute to the
development of an integrative approach to immediate serial recall.

Across both short- and long-term frameworks, episodic memory routinely declines
with age. A range of neurological and behavioural studies provide support for this finding and
there are various theoretical viewpoints on the issue. Some accounts highlight specific deficits
whilst others promote a more general age-related decline in cognition. Particularly relevant to
the current project is the notion that older adults have difficulty with (or weakening in)
temporary episodic bindings. Such impairments have been linked to age-related declines in
short-term recall (e.g., Golomb et al., 2008) and intrusions in working memory tasks
(Oberauer, 2005a). Whilst there is limited research on the ageing process and short-term false
memories, long-term false memory studies have emphasised an age-related vulnerability to

misattributions and memory distortions.
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Chapter Five: Further Manipulations of the Episodic Context: Task Repetition and

Rapid Presentation

5.1 Chapter Outline

So far this project has discussed ageing as a means to manipulate the episodic context
of the immediate serial recall task. Examining the ageing process in the context of the DRM
false memory paradigm (Deese, 1959; Roediger & McDermott, 1995) was expected to
contribute to the development of an integrative framework of immediate serial recall. As an
additional method to manipulate episodic information, task repetition and rapid presentation
rate were chosen. The aim of this chapter was to provide a rationale for this decision. The
intention was also to discuss the effects of repetition and presentation rate in both immediate

serial recall and false memory.

5.2 Manipulating the Episodic Context in Immediate Serial Recall Tasks

Various computational frameworks of immediate serial recall highlight the notion that
item representations within a list are in some way associated (or bound) to their respective
serial positions (e.g., Brown et al., 2007; Brown et al., 2000; Burgess & Hitch, 1999; Henson,
1998; Lewandowsky & Farrell, 2008). Based on these accounts, disruptions to item-position
bindings (e.g., Henson, 1998; Lewandowsky & Farrell, 2008) or item-temporal context
bindings (e.g., Brown et al., 2000) are detrimental to both the representation and maintenance
of order memory. In a standard immediate serial recall task, items are presented one at a time,
at a rate of one item per second. Participants are required to silently read items during
presentation and then immediately recall aloud the list in the order of presentation.
Participants are usually only given one exposure to each trial. Modification of this episodic

task’s standard conditions has been shown to impact serial recall performance. This is often
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discussed in relation to the notion of task difficulty; that is, by increasing the difficulty of the
task, memory performance is generally reduced. Indeed, many benchmark effects of short-
term/working memory have been based on the context manipulation in which the immediate

serial recall task is performed.

5.2.1 Presentation rate.

One way in which an immediate serial recall task can be readily modified is through
manipulating the rate at which items are presented. Rapid serial visual presentation (RSVP)
denotes the production of visual information at very fast rates (Forster, 1970). Traditionally,
RSVP referred to the rapid presentation of sequences of words in a sentence (e.g., Forster,
1970; Potter, Kroll, Yachzel, Carpenter, & Sherman, 1986), however, the effects have also
been examined using sequences of letters (e.g., Conrad, Baddeley, & Hull, 1966; Laughery &
Pinkus, 1968), pictures (e.g., Potter, 1975, 1976; Potter & Levy, 1969), nonwords (e.g.,
Potter, Moryadas, Abrams, & Noel, 1993) and unrelated words not presented within a
sentence (e.g., Potter, 1982). In recall tasks, RSVP may involve presenting up to 10 items per
second and has been found to reduce serial recall (e.g., Coltheart & Langdon, 1998).

The concept of item-temporal or item-positional bindings provides one way to
interpret the effects of rapid presentation. For instance, the oscillator-based associative recall
(OSCAR) model for serial order by Brown, Preece, and Hulme (2000) describes the
importance of the learning context for correct serial recall. The learning context is presumed
to be dynamic, constantly changing over time, such that each item within a list becomes
associated to the context specific to their moment of presentation (Brown et al., 2000).
Presumably, these item-context associations serve to aid serial recall by acting as a prompt at

retrieval. More specifically, the reconstruction of the learning context during retrieval is
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thought to cue recall of the item to which it is bound. Thus the OSCAR model assumes that
the learning context of each item is separated by a temporal dimension. Moreover, it suggests
that the greater the temporal separation of each list item’s learning context, the more distinct
and thus more successful that context will be as a recall cue.

Whilst the OSCAR model presumes that timing has an impact on serial recall
performance not all studies have reached this consensus (e.g., Lewandowsky, Brown, Wright,
& Nimmo, 2006). This research notes that in comparison to free recall tasks, timing effects on
serial recall tasks tend to produce only small effects. Nonetheless, based on the OSCAR
framework, slower presentation rates help to discriminate between the items within a list
because each item is associated with a more distinct learning context (i.e., they are separated
by greater periods of time). Conversely, rapid presentation rates reduce this distinction
because list items are much closer on a temporal dimension.

These concepts have also been emphasised in the temporal distinctiveness model
referred to as the scale-invariant memory, perception and learning (SIMPLE) approach by
Brown, Chater and Neath (2007), and presumably other accounts may provide similar
predictions. For instance, the primacy model (Page & Norris, 1998) dictates that the
preservation of order in immediate serial recall tasks is reliant on the fidelity of list item
representations in memory. This model proposes that items at the beginning of a list have the
advantage of receiving stronger activations than items towards the end of the list. However, if
a list is presented rapidly, it would seem that the earlier list item representations would not
have enough time to benefit from greater activation.

A related issue involves the contribution of rehearsal to the effects of presentation

(Bhatarah, Ward, Smith, & Hayes, 2009; Conrad & Hille, 1958; Tan & Ward, 2008). Clearly,
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at faster rates one would have less time to rehearse information in the list when compared to
slower presentation rates. Indeed slower rates are thought to lead to enhanced encoding of to-
be-recalled information (Laughery & Pinkus, 1968) and thus better recall. Presumably,
however, the benefit of slower presentation speeds is also dependent on one’s ability to
rehearse (Tan & Ward, 2008). Bhatarah, Ward, Smith, and Hayes (2009) discussed the
influence of rehearsal on presentation speed in the context of the phonological loop model
(e.g., Baddeley, 1986; Burgess & Hitch, 1999; Page & Norris, 1998). According to this
framework, rehearsal helps to maintain the memory trace of the to-be-recalled information
until output is required, and slower rates generally provide more opportunity for this process
to occur. Nevertheless, it is argued that slower presentations may actually lead to greater
retention intervals between list presentation and recall if rehearsal is prevented, particularly
for the early items in the list (Bhatarah et al., 2009). Under these circumstances, slower
presentation rates may be detrimental to immediate serial recall performance. Typically, the
opportunity for rehearsal provided by slower presentation rates is thought to override
problems in longer retention intervals (Tan & Ward, 2008), although differences between
studies involving slower presentation rates (e.g., Conrad & Hille, 1958; Mackworth, 1962;
Posner, 1964) have been attributed (at least in part) to issues of rehearsal.

Nonetheless, there appears to be some consensus in the literature that rapid rates are
detrimental to memory performance, particularly for order information recall. Interestingly,
however, despite this impact, some research suggests that even when items in a sequence are
presented at fast rates, individuals may still be able make sense of this information (e.g.,
Forster, 1970; Laughery & Pinkus, 1968; Potter, 1976; Potter 1984; Potter & Levy, 1969).

Some have argued that under these circumstances, items presented at rapid speeds may still be
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able to activate representations in long-term memory (Potter, 1993). Potter (1993, 1999;
Potter et al., 1993; Potter, Chun, Banks, & Muckenhoupt, 1998) for instance suggests that
semantic representations in long-term memory may be temporarily activated and
reconstructed in order to aid recall of RSVP lists. There is also evidence that phonological
coding of information can still take place during RSVP. This is supported by the finding that
the phonological similarity effect can persist during rapid presentation (e.g., during speeds of
one item per 250 milliseconds) (Coltheart, 1993, 1999; Coltheart & Langdon, 1998; Conrad et
al., 1966).

This topic of research thus leads to interesting predictions regarding how rapid rates
would impact false memories. Initially, one may presume that rapid presentation would not
provide enough time for list items to be activated, let alone for this activation to spread to
other related concepts in memory. However, this prediction may not be as straight forward as
originally expected, based on the finding that phonological and semantic representations may
still be activated and influence short-term memory during rapid speeds. In the standard DRM
false memory task (Deese, 1959; Roediger & McDermott, 1995), items are usually presented
at one item per one second and increasing the speed of item presentation above the standard
rate can impact false memory (e.g., Arndt & Hirshman, 1998; Ballardini, Yamashita, &
Wallace, 2008; Buchanan, Brown, & Westbury, 1999; Gallo & Seamon, 2004; McDermott &
Watson, 2001; Seamon, Luo, Schlegel, Greene, & Goldberg, 2000; Seamon, Luo, Schwartz,
et al., 2002; Seamon, Luo, & Gallo, 1998).

McDermott and Watson (2001) for example, performed an immediate free recall test
based on the DRM false memory task procedures (Deese, 1959; Roediger & McDermott,

1995). Lists containing 16 associates were presented at various rates (i.e., one word per 20,



SEMANTIC, PHONOLOGICAL, EPISODIC REPRESENTATIONS IN SERIAL RECALL 99

250, 1000, 3000 or 5000 milliseconds). Associates were either semantically or phonologically
related to a non-presented critical lure. A between-subjects design was used such that
participants were assigned to only one presentation rate condition. McDermott and Watson
combined their results with an unpublished study by Roediger, Robinson, and Balota (as cited
in McDermott & Watson, 2001) and found that regardless of list type, as presentation speed
slowed, true recall improved. For false memory however, a different pattern of results
emerged. On the semantically related lists, at the fastest presentation speed (i.e., one word per
20 milliseconds), false recall was relatively low but increased as presentation rate slowed (i.e.,
one word per 250 milliseconds). As presentation rate continued to slow however (i.e., one
word per 1000, 3000, 5000 milliseconds), false recall began to decline. The results for
phonologically related lists were somewhat similar, although for these lists false recall was
quite high even at the fastest presentation speed (i.e., one word per 20 milliseconds).

In explaining their findings, McDermott and Watson (2001) suggested that at slower
rates there was an increasing accumulation and spread of semantic activation as opposed to
rapid presentation rates. Under these circumstances, list items were presumed to be given
additional study time for encoding. This was thought to explain why true recall improved as
presentation rate slowed. The rise in spreading activation as presentation rates slowed,
however, was also alleged to increase the likelihood that the critical lures would be activated
and falsely remembered. This was postulated to explain the relatively high levels of semantic
false recall at the presentation rate of one word per 250 milliseconds. Although false recall
was high for the phonological list even at the fastest rate (i.e., one word per 20 milliseconds),
McDermott and Watson proposed that this may have been due to a perceptual (as opposed to

a memory) illusion. That is, the features of the words within the list may have recombined due
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to visual persistence or iconic memory (Treisman & Souther, 1986) rather than specifically
due to the false memory effect. Irrespective of list type however, at slower rates (i.e., one
word per 1000 milliseconds or more), the use of strategies was implied to counteract
spreading activation and explain the reduction in false recall at these rates (McDermott &
Watson, 2001).

Roediger, Balota, and Watson (2001) provided an argument consistent with the
findings of McDermott and Watson (2001). These researchers suggested that at fast
presentation rates there was a positive relationship between false recall and study time, while
at slow presentation rates there was a negative relationship between false recall and study
time. This assumption appears counterintuitive to the theory of spreading activation. If one
were to take the spreading activation theory at face value, presumably slower presentations
should lead to greater spreading activation and thus a higher potential for lure recall.
However, it may be that when items are presented for longer durations, one is able to gain
more information relating to each item (Gallo & Roediger, 2002). In accordance with the
assumptions of activation/monitoring theory (AMT) this would then aid the monitoring
process during retrieval and subsequently increase the potential that one would correctly
reject any critical lures (Gallo & Roediger, 2002).

Fuzzy trace theory (FTT) has also been used to explain the effects of presentation rate
on false memory observed by McDermott and Watson (2001). For instance, in line with the
key principles of FTT, Brainerd and Reyna (2005) suggested that gist traces were able to be
created within a very short period of time while verbatim traces were created more slowly.
According to this perspective the formation of gist traces at fast rates means that false

memories can be produced even when presentation speed is high. Conversely, because no
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verbatim traces can be stored at these high speeds, true recall is likely to be minimal. As
presentation rate slows, however, this theory proposes that item information can be better
encoded, leading to verbatim trace formation and an improvement in true memory. Additional
semantic information processing means that gist traces are more intact, and therefore false
memories also increase. As rate continues to slow, however, there is presumably a threshold
at which all semantic information can be processed. In turn, while verbatim traces will
continue to be supported, gist traces will not. In this instance, false memory will decline even
though true memory will continue to improve.

More recently, Smith and Kimball (2012; Experiment 3) employed an immediate free
recall task of 15-item DRM lists (Deese, 1959; Roediger & McDermott, 1995) with six
different rates of presentation (i.e., one word per 33, 67, 100, 250, 433 and 600 milliseconds).
In contrast to McDermott and Watson (2001), a repeated measures design was used such that
participants completed the recall task at every presentation rate. Both AMT and FTT were
discussed in relation to this study. In particular, Smith and Kimball noted that AMT and FTT
made similar predictions regarding false memory and presentation rate in the immediate recall
task. These researchers suggested that both theories implied that false recall should be
minimal at fast rates because very few words would be consciously processed. These
researchers also posited that both frameworks would predict that during slower presentation
rates, true recall should improve. That is, slower speeds were expected to facilitate encoding;
whether that was because of AMT’s notion that the ability to distinguish the source of
activations was enhanced, or because of FT'T’s proposition that the number of intact verbatim

traces would increase.



SEMANTIC, PHONOLOGICAL, EPISODIC REPRESENTATIONS IN SERIAL RECALL 102

In line with these suggestions, Smith and Kimball (2012; Experiment 3) observed that
using a within-subjects design, during immediate free recall, true recall increased as
presentation rate slowed. False recall also initially increased as presentation rate slowed, but
then declined, consistent with the findings of McDermott and Watson (2001) and their
between-groups design. Smith and Kimball defined false recall as being related to the degree
to which one could search long-term memory prior to recall. According to this view, slower
presentation rates may allow one to encode memory traces to a greater extent and increase
activation of these items, improving correct recall. Similar to the suggestions by McDermott
and Watson, slower rates were also assumed to allow one more time to search long-term
memory, leading to greater activation of related items and increasing false recall. However, as
rate slowed further (i.e., beyond one word per 500 milliseconds), the amount of information
encoded was assumed to outweigh the increased activation. This was thought to allow
participants to better distinguish between the to-be-recalled information and false items,
leading to reduced false recall and increased correct recall (Gallo & Roediger, 2002;
McDermott & Watson, 2001; Smith & Kimball, 2012). This view is in line with the notions
put forth by both AMT and FTT in that factors that enhance the processing of the list’s item-
specific information (in this case slowing the rate that items are presented) will reduce the
potential for false memories to occur (Burns, 2006).

In short, these findings propose that at very rapid rates (e.g., one word per 20
milliseconds), false recall and true recall are low because the task does not allow enough time
for the list items to be attended to (and thus activated in memory or for episodic bindings to
be formed). If lists are presented at slower rates (e.g., one word per 250 milliseconds), there is

enough time for items to be activated in long-term memory, and thus the likelihood that false
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recall occurs should increase. At more standard presentation rates (e.g., one word per 1000
milliseconds), additional strategies and encoding should aid correct recall. In turn, true recall
should improve and false recall should decline. Critically, the studies that have been
mentioned thus far have largely examined false memory and presentation rate over the long-
term domain (Brainerd & Reyna, 2005; Gallo, 2006; Smith & Kimball, 2012). Although
presentation rate has been routinely used in the study of standard immediate serial recall, there
are no published studies to date that have considered the impact of false memory and rapid

presentation on the immediate serial recall task.

5.2.2 Repetition.

In contrast to the reduction in episodic binding witnessed during rapid presentation,
other task manipulations can actually improve immediate serial recall performance. For
instance, repetition has been consistently shown to enhance memory (Crowder, 1976),
assisting in both accuracy and response speed in memory tasks (Bertelson, 1961, 1963, 1965;
Tulving & Schacter, 1990). Arguably, Ebbinghaus (1885/1964) provided the foundation for
the scientific enquiry of memory and repetition when he explored the ability to remember
nonsense syllables over extended periods of time (i.e., up to 7 days). Ebbinghaus
demonstrated that repeating lists of items resulted in better recall than non-repeated lists, and
these effects were found to persist for some time after the initial learning period. Moreover,
Ebbinghaus observed that it took less time to relearn information than it did to learn
information for the first time. In short, this research highlighted the long-lasting effects of
repetition on memory performance.

More specific to immediate serial recall literature, Hebb (1961) has provided one of

the most pertinent repetition studies. Hebb demonstrated that repeating whole lists in
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immediate serial recall tasks could enhance recall performance. More precisely, Hebb
established that when the third sequence of a list of digits was repeated in a recall task,
memory performance for the repeated list improved across trials to a much greater extent than
non-repeated lists. This Hebb repetition effect has been replicated extensively using a wide
range of list stimuli including digits (Cumming, Page, & Norris, 2003; Oberauer & Meyer,
2009; Schwartz & Bryden, 1971), letters (Cunningham, Healy, & Williams, 1984; Page,
Cumming, Norris, Hitch, & McNeil, 2006), pictures (Page et al., 2006), words (Majerus,
Perez, & Oberauer, 2012; Page et al., 2006), and nonwords (Majerus et al., 2012).
Furthermore, the effect has also been found to be resistant to interference (Seger, 1994) and
can be observed even when participants are not consciously aware of the repetition (e.g.,
Hebb, 1961; McKelvie, 1987). Recently, Page, Cumming, Norris, McNeil, and Hitch (2013)
demonstrated that the Hebb repetition effect could persevere even months after the original
testing session, and even when only every 12" trial was repeated, highlighting the strength of
the effect.

Several computational immediate serial recall models have attempted to explain the
effects of repetition (for a review see Hurlstone et al., 2014). Some accounts highlight the role
of cumulative matching on repetition effects (e.g., Burgess & Hitch, 2006; Page & Norris,
2009) proposing that during a serial recall task, representations of the items in a list are
checked in memory against long-term representations. This process is thought to explain the
superior recall for repeated items. For instance, Burgess and Hitch (2006) emphasise a
cumulative matching process to explain the Hebb effect. These researchers implied that long-
term item-context representations are matched to the representations of the current list. The

more frequently this process occurs (i.e., the more an item/list is repeated), the stronger these
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item-context associations become, leading to better recall over time (Burgess & Hitch, 2006).
Unlike earlier models (e.g., Burgess & Hitch, 1999), this framework acknowledges that there
are multiple context signals involved in list learning. The updated model stresses that item-
position associations are important in learning, and the ability to learn the list of items as a
whole, is also important to this process (e.g., Hitch, Fastame, & Flude, 2005). Page and Norris
(2009) describe a comparable process in an update to their primacy model, emphasising the
role of increasing the strength of connections between short and long-term representations
with repetition.

The discussion of repetition has focused thus far on the Hebb repetition effect. This is
because it has been the predominant method to investigate repetition in immediate serial
recall. Moreover, contemporary short-term memory models offer repetition interpretations
based on the Hebb effect. It is important to note, however, that the current project will be
employing a novel form of repetition. That is, rather than repeating every third sequence of
the task as described in the typical Hebb repetition procedure, the current project will examine
repetition of the whole serial recall task. Using this method, participants will be given a
second attempt at the same immediate serial recall task, with the same trials, in the same
order. This procedure has been used in the wider false memory literature as a way to
investigate the effects of repetition on the false memory effect.

There have been various long-term false memory studies that have examined the
effects of repetition. Several of these investigations have demonstrated a reduction (although
not an elimination) in false memory with repetition (e.g., Benjamin, 2001; Brainerd, Reyna, &
Kneer, 1995; Budson, Daffner, Desikan, & Schacter, 2000; Hall & Kozloff, 1970; Kensinger

& Schacter, 1999; McDermott, 1996; Schacter, Verfaellie, Anes, & Racine, 1998; Tussing &
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Greene, 1999: Experiment 5; Watson, Bunting, Poole, & Conway, 2005; Watson, McDermott,
& Balota, 2004). Generally, studies that observe a decrease in false memory with repetition
also tend to report that memory for studied list items improves (e.g., Kensinger & Schacter,
1999; Schacter et al., 1998).

For instance, in the first investigation of repetition effects in the DRM paradigm
(Deese, 1959; Roediger & McDermott, 1995), McDermott (1996) presented a false memory
recall task comprising three lists of 15 associates. Participants were required to complete the
recall task five times. That is, they were given five opportunities to study the lists and five
opportunities to recall the lists. Across the study-test repetitions, false recall declined
(although was not completely eliminated) while true recall improved. To explain these
findings it was proposed that the multiple study opportunities may have allowed participants
to review their responses and self-correct (McDermott, 1996), an idea that has been proposed
by other researchers (e.g., Dodson, Koutstaal, & Schacter, 2000; Watson et al., 2005).

Critically, not all studies have found a reduction in false memory as a result of
repetition. Some studies have reported that repetition does not impact false memory (e.g.,
Mintzer & Griffiths, 2001; Schacter et al., 1998; Shiffrin, Huber, & Marinelli, 1995; Tussing
& Greene, 1997, 1999: Experiments 1 - 4) and others suggest that repetition may actually
enhance false memory (Benjamin, 2001; Payne et al., 1996; Underwood, 1965). Payne, Elie,
Blackwell, and Neuschatz (1996: Experiment 2 and 3) for example, reported an increase in
false recall across repetition. In explaining their findings, Payne et al. compared their
methodology to McDermott’s (1996) investigation. In particular, Payne et al. stressed that in
their experiment participants were given a list only once and were then asked to complete

three recall tests. That is, only the test phase (not the study phase) was repeated. This was in



SEMANTIC, PHONOLOGICAL, EPISODIC REPRESENTATIONS IN SERIAL RECALL 107

contrast to McDermott’s experiment in which participants were administered alternating study
and test phases. This argument is consistent with several points raised by McDermott. More
specifically, they were cautious in generalising these findings even though McDermott
observed a reduction in false memory with repetition, highlighting that if individuals could
not make sufficient use of the study trials to update or modify their previous responses, they
may continue to make the same errors (i.e., continue to recall the critical lure) across
repetitions.

This argument underlines the potentially detrimental effects of repetition. Indeed,
whilst repetition may strengthen memory performance, it can also reinforce any errors that are
made. Errors may be replicated and even amplified across repetition of lists in serial recall
tasks (e.g., Couture, Lafond, & Tremblay, 2008; Lafond, Tremblay, & Parmentier, 2010). For
example, Couture, Lafond, and Tremblay (2008) investigated the probability of correct and
incorrect responses in relation to the Hebb effect (1961) in serial recall. Across repetitions,
Couture et al. observed that when a particular response was made, there was an increased
likelihood that the same response would be made again. Perhaps surprisingly, this increased
probability was reported for both correct and incorrect responses. Indeed, this research
emphasised that across repetitions, responses may be learned and recurringly produced during
retrieval, regardless of whether the initial response was actually correct.

In relation to the false memory task, without feedback, a participant may continue to
recall the critical lure across repetitions if they believe that they are making the correct
response. Such a proposition is supported by DeSoto and Roediger (2013). These researchers
looked at the effects of study and test repetition on false memory using lists that contained

items from the same semantic categories. Participants were assigned to one of three
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conditions and were required to either (1) study the list once and then take a recognition test;
(2) study the list twice and then take a recognition test; or (3) study the list once, take an
immediate recognition test with feedback, study the list again and then take a final recognition
test. Five minute distractor tasks were also employed between each study and test phase on all
conditions. Importantly, false recall was shown to be lowest for those participants who were
given the opportunity to repeat both a study phase and test phase when compared to the other
two conditions. These results emphasise the use of feedback in reducing the false memory
effect with repetition.

Critically, repetition is not the only variable that can impact false memory. There are
various factors that can reduce (although not completely abolish) the occurrence of false
memories in long-term memory. For example, presenting lists visually as opposed to aurally
(e.g., Cleary & Greene, 2002; Gallo, McDermott, Percer, & Roediger, 2001; Hunt, Smith, &
Dunlap, 2011; Kellogg, 2001; Smith & Hunt, 1998) or as pictures rather than words (e.g.,
Dodson & Schacter, 2002; Hege & Dodson, 2004; Israel & Schacter, 1997) can reduce the
false memory effect. Saying words aloud (e.g., Dodson & Schacter, 2001) or generating
studied words from audio anagrams (e.g., McCabe & Smith, 2006) can also reduce false
memories when compared to hearing words at study. List length (i.e., short vs. long lists of
associates) (e.g., Robinson & Roediger, 1997), pleasantness ratings (i.e., rating associates on
pleasantness vs. a standard study condition) (e.g., Smith & Hunt, 1998), and even font type
(i.e., presenting associates in different fonts vs. the same font) (e.g., Arndt & Reder, 2003) can
also decrease the likelihood of false memories. In contrast, providing feedback (e.g., Jou &

Forman, 2007), explicit warnings (e.g., Jou & Forman, 2007; McCabe & Smith, 2002;
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McDermott & Roediger, 1998) or financial gain (e.g., Jou & Forman, 2007) has been found to
weaken the false memory effect.

Several theories have been devised to explain why false memories can be reduced
under certain conditions. Most common accounts are based on AMT (Gallo & Roediger,
2002; McDermott & Watson, 2001; Roediger, Watson, et al., 2001) or FTT (Brainerd &
Reyna, 1993, 1998; Brainerd, Reyna, & Brandse, 1995). AMT for example suggests that false
memory depends on the levels of activation and the semantic processing of associations
between list items and the critical lure (Gallo, 2001). Thus, conditions that reduce the
processing and activation of associations between list items and the critical lure will
presumably lead to less false memories (Gallo, 2010). AMT also highlights the role of
monitoring in the occurrence of false memories, suggesting that false memories are the result
of misattributing the lure activation source as coming from the presented list (Roediger,
Watson, et al., 2001). This model assumes that item-specific list information processing will
aid source memory and reduce the likelihood of false memories (McDermott & Watson,
2001; Roediger, Watson, et al., 2001).

In contrast, FTT suggests it is verbatim memory that benefits from the processing of
information relating specifically to list items (Brainerd & Reyna, 1993, 1998; Reyna &
Brainerd, 1995). This model assumes that factors that increase the reliance on gist memory
traces (as opposed to verbatim traces) will enhance false memories. This notion is similar to
the proposals of the distinctiveness heuristic hypothesis, a related theory that has traditionally
focused on false recognition memory (Dodson & Schacter, 2001; Gallo, Meadow, Johnson, &
Foster, 2008; Gallo, Weis, & Schacter, 2004; Israel & Schacter, 1997; Schacter, Cendan,

Dodson, & Clifford, 2001; Schacter, Israel, & Racine, 1999). Like FTT, the distinctive
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heuristic hypothesis assumes that a greater dependence on gist memory will result in more
false memories. This framework suggests that one can make use of gist memory at retrieval, if
there is minimal access to distinct details about the list items (Israel & Schacter, 1997,
Schacter et al., 1999). Conversely, if information relating directly to the list items is able to be
processed, then there will be a higher probability that one will be able to distinguish list items
from critical lures during retrieval. According to this view, factors that enhance the
distinctiveness of the to-be-remembered information should decrease the likelihood of false
memories (Gallo, 2010). Similarly, factors that enrich the critical lure’s uniqueness will also
attenuate the false memory effect. Indeed, using taboo (e.g., Starns, Cook, Hicks, & Marsh,
2006), concrete (e.g., Pérez-Mata, Read, & Diges, 2002) or long words (e.g., Madigan &
Neuse, 2004) as critical lures, have been shown to minimise the potential for falsely
remembering that item. Essentially, whilst AMT, FTT and the distinctive heuristic framework
may diverge in their descriptions, all theories tend to agree that factors that enhance the item-
specific information processing of the list items will reduce the potential for false memories

(Burns, 2006).

5.3. Ageing, Presentation Rate and Task Repetition

A final point to discuss involves the influence of ageing on the effects of presentation
rate and task repetition. Given that these variables formed a major manipulation of episodic
context in this project, it was important to consider how they relate to the ageing process and,
in particular, how they might impact the serial and false recall of older adults. With respect to
presentation rate, slowing the time between the presentations of each word in a list (i.e.,
increasing the inter-stimulus interval, ISI) during free and serial recall tasks, has been shown

to benefit older adults (Golomb et al., 2008). Slowing presentation speed can also affect the
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performance of older adults in the DRM task (Deese, 1959; Roediger & McDermott, 1995).
For instance, McCabe and Smith (2002) examined age-related differences in a DRM
recognition task and presented lists at either a slow (one word per 4000 milliseconds) or fast
(one word per 2000 milliseconds) rate. Participants were given a warning about the nature of
the false memory effect either before study, after study but before test, or not at all. McCabe
and Smith found that the slower presentation rate generally aided both age groups in their true
memory but only helped the younger participants in false recognition, and only then when
these participants were given a warning before study.

Watson, McDermott, and Balota (2004) also considered the impact of presentation rate
and warnings on reducing age-related differences in false memory. The impact of repetition
was also examined in this study. Younger and older adults were given five study/test trials,
and lists were presented at either a slow rate (one word per 2500 milliseconds) or fast rate
(one word per 1250 milliseconds). In addition, half of the participants were given warnings
about the DRM (Deese, 1959; Roediger & McDermott, 1995) false memory effect before
study. Watson et al. found that older adults had lower levels of false recall during the slow
versus fast presentation rates. In contrast, the younger adults’ false recall did not differ
between presentation rates, although the younger group still recalled less lures than the older
group during both presentation speeds. Giving older adults more time for source monitoring
was presumed to help these participants to reduce their false memories in the DRM task
(Watson et al., 2004). These results were in contrast to the findings of McCabe and Smith
(2002), however Watson et al. proposed that this was because McCabe and Smith had used

different speeds of presentation. More specifically Watson et al. implied that McCabe and
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Smith may have used a rate that was not optimal to see any age differences in controlled
processing.

Another interesting finding by Watson et al. (2004) involved the impact of repetition.
In particular, Watson et al. observed that, irrespective of age group, true memory improved
across multiple trials. However, only the younger adults appeared to be able to make use of
repetition to decrease false recall. In response, Watson et al. proposed that age-related
increases in false memory were due to declines in self-initiated source monitoring. Consistent
with AMT, older adults were thought to have difficulty in differentiating between the
activations of the lure and the activations of the list, as well as between information that came
up during testing versus the material presented at study (Watson et al., 2004). In turn, these
participants were presumed to rely on prior recall/recognition (which contained both list items
and critical lures) as a way to encode words into memory. The results of Watson et al. reflect
the patterns observed in the broader false memory literature. Whilst the true memory of older
adults has often been shown to improve with repetition (e.g., Henkel, 2007, 2008; Kensinger
& Schacter, 1999; Light, Patterson, Chung, & Healy, 2004) (although usually to a lesser
extent than younger adults), their false memory has been found to remain stable (e.g.,
Kensinger & Schacter, 1999) or even increase (e.g., Benjamin, 2001; Jacoby, 1999; Light et
al., 2004; Skinner & Fernandes, 2009).

In a discussion of repitition’s advantages and disadvantages, Henkel (2008)
emphasised the point that while repetition can be helpful in improving recall, it can also be
detrimental, causing more source errors or misattributions. Older adults in particular are
presumed to experience more of the costs associated with repetition and less of the benefits

(Henkel, 2007, 2008). The increased costs have been attributed to age-related problems in
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binding and susceptibility to source misattributions (Henkel, 2007, 2008; Lyle, Bloise, &
Johnson, 2006) while the reduced benefits have been related to age-related decreases in
processing speed, lower levels of recall in general, and reductions in strategic retrieval
processes (Bluck, Levine, & Laulhere, 1999; Henkel, 2007, 2008; Widner, Otani, & Smith,
2000).

Interestingly, younger adults have been found to exhibit a similar false memory
performance to older adults when under time pressure (Benjamin, 2001; Jacoby, 1999) when
presented with a second task simultaneously (Jacoby, 1999), under divided attention (Skinner
& Fernandes, 2009) or by decreasing their available resources at encoding (Dehon, 2006). For
instance, Benjamin (2001) presented younger and older adults with a DRM (recognition) task
(Deese, 1959; Roediger & McDermott, 1995) in which words were studied either once or
three times. Repetition enhanced false memory for older adults. In contrast, younger adults
made less false errors with repeated lists. Under time pressure, however, younger participants
exhibited greater false recognition with repetition. Based on these results, Benjamin proposed
that list repetition enhanced two conflicting processes, namely; (1) activation/familiarity of
the lure and; (2) knowledge of the list items to improve monitoring. Younger (but not older)
adults were presumed to be able to exert control over these processes so that they could be
used in opposition and thereby aid performance with repetition.

Skinner and Fernandes (2009) extended Benjamin’s (2001) study, utilising the same
DRM false recognition framework (Deese, 1959; Roediger & McDermott, 1995). Replicating
Benjamin’s findings, Skinner and Fernandes established that younger adults had lower levels
of false memory for lists presented three times versus only once, while in contrast, older

adults’ false recognition increased with repetition. Under divided attention, however, younger



SEMANTIC, PHONOLOGICAL, EPISODIC REPRESENTATIONS IN SERIAL RECALL 114

adults had a comparable performance to older adults (i.e., more false memories with
repetition). In turn, Skinner and Fernandes suggested that the vulnerability to false memories
with repetition experienced by both groups (i.e., older adults and younger adults under
divided attention), was associated with a limited number of available attentional resources

required for controlled monitoring during encoding.

5.4 Chapter Summary

This chapter has discussed the episodic context manipulation in the immediate serial
recall task and how varying temporary episodic bindings can impact short-term recall.
Specifically, the focus has been on the effects of rapid presentation and task repetition. The
benefits of repetition on correct memory are well established (Hebb, 1961) and generally
extend to false memory tasks (e.g., McDermott, 1996). Provided that participants are given
the opportunity for feedback between repetitions, false memory is typically reduced over time
(DeSoto & Roediger, 2013). Presentation rate has also been shown to influence the
performance on false memory tasks. Usually, increasing the presentation rate beyond the
standard rate of one word per second will reduce serial recall (e.g., Coltheart & Langdon,
1998) but also increase the likelihood of false memories (e.g., McDermott & Watson, 2001).
Furthermore, repetition and presentation rate have been examined almost exclusively in long-
term false memory research. Short-term memory research does suggest, however, that
manipulating both presentation rate and task repetition has the potential to influence memory
performance. The inclusion of these variables in the current research project was intended to
test these assumptions. In addition, presentation rate and task repetition have varying effects
on the memory performance of older adults which is important to consider when making

predictions about this project. In light of the research discussed so far, the next chapter will
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provide a general rationale and overview to the experiments of this thesis. This will include
the general aims of the research and the underlying framework on which the project will be

grounded.
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Chapter Six: General Rationale and Overview

6.1 Introduction and Rationale

Psycholinguistic accounts represent a category of models that provide leading theories
on the structure of verbal short-term memory (e.g., N. Martin & Gupta, 2004; N. Martin &
Saffran, 1992; R. C. Martin & Lesch, 1996; R. C. Martin et al., 1999; R. C. Martin & Romani,
1994; Romani et al., 2008). These models acknowledge that memory is comprised of a
multitude of representations important for short-term retention/recall and long-term learning
(e.g., Freedman & R. C. Martin, 2001; N. Martin, Dell, Saffran, & Schwartz, 1994; N. Martin
et al., 1996; R. C. Martin et al., 1999; R. C. Martin et al., 1994; Romani et al., 2008; Saffran
& N. Martin, 1990) and continue to provide popular accounts of verbal short-term memory.

The rise in psycholinguistic frameworks has occurred, at least in part, because many
computational models of short-term memory have been unable to completely explain how
semantic, phonological and lexical representations contribute to performance on immediate
serial recall tasks. Psycholinguistic models stress that linguistic factors make an important
contribution to both encoding and maintenance of serial order (e.g., N. Martin, Ayala, &
Saffran, 2002; N. Martin & Saffran, 1997). The question of how serial order is maintained in
short-term memory, however, has been an ongoing issue for these frameworks (N. Martin,
2009). In contrast, computational models of immediate serial recall (e.g., Brown, et al., 2007,
Brown et al., 2000; Burgess & Hitch, 1992, 1999, 2006; Farrell & Lewandowsky, 2002;
Henson, 1998; Lewandowsky & Farrell, 2008; Page & Norris, 1998, 2009) provide a more
comprehensive understanding of how order is represented and maintained in verbal short-term
memory. Serial order is often discussed in relation to strength and quality of activated

representations in memory. This includes the representations of the to-be-recalled items as
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well as the representations pertaining to context (i.e., position) in which the items are
presented (e.g., Brown et al., 2000; Henson, 1998; Lewandowsky & Farrell, 2008). Indeed,
these frameworks provide a more detailed interpretation of the underlying processes involved
in preserving serial order. Unlike psycholinguistic accounts, however, most computational
models of immediate serial recall do not readily account for the arrangement of multiple
representation types in short-term memory (Hurlstone et al., 2014). Taken together, it is clear
that additional research is required to provide further understanding regarding how both
semantic and episodic memory contribute to verbal short-term memory. The overarching
purpose of this project was to investigate the possibility of developing a more comprehensive
framework of immediate serial recall. That is, a model that could handle the key assumptions
of psycholinguistic frameworks whilst also being able to accommodate the main principles of
computational models of short-term memory.

Despite the discrepancies in current models of immediate serial recall, there does
appear to be some consensus regarding the organisation of long-term memory. Contemporary
views of verbal short-term memory (e.g., Nelson et al., 2013; Poirier et al., 2011; Poirier et
al., 2015) highlight the notion that long-term knowledge is arranged within pre-existing
interconnected networks. These pre-existing networks are often speculated to impact
performance on short-term episodic memory tasks through the process of spreading activation
(Collins & Loftus, 1975). According to this notion, activation of one concept in memory can
spread via interconnections in the network to other related concepts. The more strongly two
concepts are related, the more likely it is that this process will occur. In recall tasks, this can
mean that the list item presentation may activate not only representations pertaining to the list,

but other related items within the network. During retrieval, these related (but non-presented)
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items may be falsely recalled if one incorrectly attributes the source of these items to the
previously presented list.

Arguably, the clearest demonstration of this potential for confusion can be seen in
false memory literature using the DRM paradigm (Deese, 1959; Roediger & McDermott,
1995). This framework involves the presentation of lists of words that are associatively or
phonologically related to a common, non-presented critical lure. Studies employing the DRM
task report that lures are frequently remembered and recalled despite never being presented in
the list (Gallo, 2010). Referred to as the false memory effect, such findings have often been
discussed in the context of long-term semantic and phonological networks (Roediger, Watson,
et al., 2001). Based on this perspective, it is presumed that the activations of the list spread to
related items, most notably to the critical lure, which may lead to false production of the lure
at recall (Collins & Loftus, 1975). Indeed the false memory effect has been observed with
purely associatively related lists, purely phonologically related lists, and with hybrid lists
comprised of both associatively and phonologically related items.

Hybrid lists have commonly be shown to produce greater levels of false memories,
when compared to pure list types (Roediger, Balota et al., 2001; Watson et al., 2001; Watson
et al., 2003). This superadditive effect has been explained in terms of an interaction between
long-term semantic and phonological networks. For instance Watson (et al., 2001; Watson et
al., 2003) suggested that the activation of both phonological and semantic representations in
hybrid lists increased the overall strength of activations in memory, including the
representations of the lure. The higher the activations are, the more likely that those items
(including the lure) are recalled. Roediger, Balota, et al. (2001) also proposed that hybrid

effects were due to the interaction of phonological and semantic representations. These
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researchers suggested that the activation of both phonological and semantic networks meant
that the criteria for words to be output is narrowed, enhancing the probability that the critical
lure is recalled. In short, the investigation of hybrid lists in long-term false memory studies
provides evidence that semantic and phonological representations can combine to impact
recall. In particular, this convergence appears to have a detrimental impact on performance in
that it greatly enhances the potential that false memory errors will be made (e.g., Watson et
al., 2001).

Nonetheless, it is important to realise that the binding of semantic and phonological
information can also assist memory performance. According to the semantic binding
hypothesis, semantic and phonological representations can combine in a way that reduces the
potential for errors during serial recall (Jefferies et al., 2006, 2008; Knott et al., 1997;
Patterson et al., 1994). Taken together, semantic and phonological binding has the ability to
both facilitate and hinder immediate serial recall (Tehan, 2010). This point was emphasised
by Tehan (2010) when employing associatively related lists within the DRM paradigm
(Deese, 1959; Roediger & McDermott, 1995). Tehan demonstrated that the semantic network
could concurrently aid and impede immediate serial recall by way of spreading activation.
Associatively related lists were shown to produce both correct and false recall, presumably
because these lists received high levels of activation. In addition, lures were typically
produced towards the end of the list and Tehan proposed that this was when episodic
information was at its weakest, providing evidence of the impact of associative and episodic
binding on immediate serial recall. Whilst Tehan’s research has made an important

contribution to verbal short-term memory understandings, given that no phonologically
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related lists or hybrid lists were included in the study, any conclusions drawn are limited to
the semantic network.

Critically, contemporary short-term memory research emphasises that one cannot
consider semantic/associative or phonological factors in isolation. Leading theories on the
structure of verbal short-term memory and language, particularly psycholinguistic approaches
and long-term network accounts, highlight that there are multiple representations within the
memory system. Even those computational models that are not yet able to readily account for
the different types of representations in memory, generally acknowledge this point.
Consequently, research that examines both associative and phonological representations in
immediate serial recall would provide an opportunity to not only investigate the structure of
the independent semantic and phonological networks, but also (through the employment of
hybrid lists) the chance to explore how the representations within these networks interact (and
bind) to influence correct and false recall.

Tehan’s (2010) research also highlights the 