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Abstract 

Contextual influences on memory retrieval are of theoretical and empirical 

importance in infant memory research. Early in infancy, memory is strongly constrained 

by contextual congruency at encoding and retrieval. Contextual constraints appear to 

progressively loosen over the infancy period (Hayne, 2004), but little is known about the 

nature and extent of this change. 

The present studies revealed that age-related decreases in contextual constraints 

on memory retrieval extend to both physical and social context, and to recall and 

recognition memory (Experiments 1-4). Specifically, for 9-month-olds both recognition 

and recall memory were less affected by a change of social context than for 6-month- 

olds, and for 12-month-olds, recognition memory was less influenced by a change of 

global physical context than for 6-month-olds. At 12-months, memory retrieval appeared 

to be particularly constrained by intrinsic contextual details, a constraint that was robust 

across procedural variations that alleviate context-shift effects in other age-groups 

(Experiment 5). Nonetheless, providing infants with a unique environment for learning 

and retrieval helped them to retrieve memory across an intrinsic contextual change, 

indicating that extrinsic context may perform a disambiguating function later in infancy 

(Experiment 6). 

Finally, Experiments 7 to 9 used an EEG study to explore the processes 

underlying contextual influences on memory retrieval wirh adults. A change of room 

selectively impaired the purported neural correlates of recollective-based recognition 

memory, indicating that investigating the development of recollection in infancy may be 

an important step towards understanding contextual influences on memory in 

development. 

Taken together, these studies show that similar contextual features are encoded in 

memory from infancy to adulthood. Contextual details exert progressively less influence 

over memory retrieval over the first year of life, likely through a combination of both the 

maturation of brain regions involved in memory, and experience of learning and 

remembering in a variety of settings. 
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Chapter 1: Introduction 

1.1. Studying infant memory 

Learning and memory are important skills in the infancy period. For example, the 

infant needs to learn and remember the rules and categories that govern the physical and 

social worlds. As the infant develops independent locomotion, he needs to learn and 

remember how to navigate around his house. In order to avoid approaching the wrong 

people, the infant needs to learn to recognise his parents, other members of his family, 

and his friends. Studying memory in infancy characterises a vital mediating link between 

experience and behaviour in development. 

Traditional procedures used to assess memory in adulthood typically employ 

verbal stimuli or instructions, and are clearly unsuitable for preverbal infants. Measuring 

memory in infancy requires paradigms that enable infants to `show' us what they know. 

Many such paradigms have been developed over the last 50 years (reviewed by Hayne, 

2004; Rovee-Collier, Hayne & Colombo, 2001), some of which are discussed in more 
detail in later sections. In general, these paradigms involve the infant being exposed to a 

stimulus during the `encoding' session, and subsequently being placed in a `test' situation 

that enables memory retrieval to be measured. Memory measures might include the 

length of time infants spend looking or playing with a familiar stimulus, what they 

choose to do with that stimulus, where they search for that stimulus, or their neural 

response to a familiar stimulus or event. `Remembering' is operationally defined as 
`successful' performance in the test session, typically in comparison with a within- or 
between-subjects control condition. Infant memory paradigms have provided a wealth of 
information about the development of memory in the first two years of life. 

1.2. Memory at birth 

Research with newborn infants indicates the starting point of memory 
development. Beginning in the 1980s, an innovative research program has revealed that 

learning begins in the womb. For example, DeCasper and Fifer (1980) found that 

newborns sucked a non-nutritive nipple more to hear a recording of their mother's voice 
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than to hear an unfamiliar female voice. The authors attributed this finding to recognition 

of characteristics of the mother's voice learned during the foetal period. In a follow-up 

study, newborns whose mother had repeatedly read a particularly story aloud during the 

last 6 weeks of pregnancy sucked more to hear a tape-recording of the familiar story than 

of a novel story (DeCasper & Spence, 1986). More recently, by measuring foetal heart 

rate Kisilevsky and colleagues found that foetuses recognise their mother's voice in the 

third trimester of pregnancy (Kisilevsky et al., 2003). 

Newborn infants also learn and remember stimuli experienced shortly after birth. 

For example, newborn infants recognise their mother's face for up to 15 minutes after it 

was last seen (e. g., Bushnell, 2001; Bushnell, Sai & Mullin, 1989; Field, Cohen, Garcia 

& Greenberg, 1984), and breast-fed infants recognise her axillary odour 12 hours after a 
familiarisation procedure (Porter, Balogh & Makin, 1988). Newborn infants do not only 

remember biologically significant information about their mother, but they also 

remember the faces and actions of unfamiliar people (e. g., Meltzoff & Moore, 1983; 

Meltzoff & Moore, 1989; Nagy & Molnar, 2004; Pascalis & deSchoenen, 1994). For 

example, 3- to 4-day-old infants who are shown unfamiliar faces remember them after a 

2-minute delay (Pascalis & deSchonen, 1994), and newborns can replicate facial 

movements like tongue protrusion that they have previously seen an experimenter 

perform (e. g., Meltzoff & Moore, 1983; Meltzoff & Moore, 1989). Finally, newborns 

also remember non-social stimuli (e. g., Streri & Gentaz, 2003; 2004; Turati, Simeon & 

Zanon, 2003). For example, newborn infants prefer to visually explore an object that 

they have previously explored tactilely than to visually explore a novel object, 

provocative evidence of early cross-modal recognition (Streri & Gentaz, 2003,2004). 

Evidently, the ability to remember stimuli and events is present, at least in a rudimentary 

form, in the perinatal period. 

1.3. Infant memory development 

Newborn infants clearly remember a range of stimuli for at least a short period of 

time. How does memory develop over the infancy period? Answering this question is 

challenging, because of the rapid changes in ability, motivation and favoured activities 

over the first years of life. These changes mean that memory tasks that are suitable for 
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one age group are not necessarily suitable for another. One strategy is to design tasks to 

measure a particular type of memory, then identify the age at which infants `pass' that 

particular task. This might reveal the order in which particular `types' of memory 

develop (e. g., Nelson, 1995). However, a large number of factors may influence the 

success of memory retrieval on a given paradigm, including the complexity of materials 

used (e. g., Fagan, 1974), the length of the learning session (e. g., Barr, Dowden & Hayne, 

1996), the duration of the retention interval (e. g., Hartshorn et al., 1998a), and the degree 

to which the task loads on other cognitive abilities (e. g., Diamond, Churchland, Cruess & 

Kirkham, 1999). Simple changes in the parameters of a task may lead to vast differences 

in the age at which the task is `passed' (e. g., Diamond et al., 1999). 

An alternative approach to exploring memory development is to compare the 

performance of infants of different ages on tasks that are suitable for a relatively wide 

age-range, before validating general conclusions with results from other procedures (e. g., 

Hayne, 2004). With this approach, task variables such as learning time or retention 

interval can be manipulated, producing a greater understanding of the parameters 

controlling memory retrieval within and between age-groups. The majority of studies 

using this approach have been conducted with one of three paradigms: operant 

conditioning, in which infants are first trained that a particular behaviour produces a 

salient outcome, then tested for retention of that behaviour (e. g., Davis & Rovee-Collier, 

1983; Hartshorn et al., 1998a, b); deferred imitation, in which infants are shown an action 

then tested for memory of that action (e. g., Barr et al., 1996; Klein & Meltzoff, 1999); or 

visual recognition memory, in which measures are taken of the changes in visual 

attention that occur as a stimulus becomes more familiar (e. g., Fagan, 1970; Rose, 1981). 

Studies using these tasks have revealed several principles of memory in infancy (Hayne, 

2004), three of which are briefly discussed in the next section. 

1.3.1. Principle 1: Older in fants require less encoding time 

In general, older infants require a shorter period of learning than younger infants 

to reach the same level of performance on a memory task (Barr et al., 1996; Borovsky & 

Rovee-Collier, 1988; Davis & Rovee-Collier, 1983; Greco, Rovee-Collier, Hayne, 

Griesler & Earley, 1986; Hill, Borovsky & Rovee-Collier, 1988; Rose, 1983). For 
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example, 2-month-old infants require 3-6-minutes of training in one operant conditioning 

procedure to meet a learning criterion (Davis & Rovee-Collier, 1983), whereas 3-month- 

old infants require 2-3 minutes (Greco et al., 1986), and 6-month-old infants require 1- 

minute (Hill et al., 1988). Between 6- and 12-months, it appears that the encoding time 

required for memory to persist over a particular retention interval approximately halves 

(e. g., Barr et al., 1996; Rose, 1983). For example, whereas 6-month-old infants require 
20 seconds of familiarisation to a 3-D geometric form to remember it immediately after 
learning, 12-month-old infants only require 10 seconds (Rose, 1983). 

1.3.2. Principle 2: Older infants remember for longer 

Older infants typically remember for longer than young infants, despite the fact 

they typically receive shorter training sessions (Barr & Hayne, 2000; Hartshorn et al., 
1998a). For example, in one deferred imitation task, 6-month-old infants remember for 

24-hours after six demonstrations of three target actions (taking approximately 90 

seconds), and 12- and 18-month-old infants remember for one and two weeks 

respectively after three demonstrations of the same target actions (Barr & Hayne, 2000). 

This principle holds across paradigms, despite differences in the absolute duration over 

which memory persists: for example, in an operant conditioning task 6-month-old infants 

remember for 2-weeks after two 6-minute training sessions, whereas 12-month-old 

infants remember for 8 weeks after two 1-minute training sessions (Hartshorn et al., 
1998a). 

1.3.3. Principle 3: Older in fants remember more in formation 

In general, older infants retain more information from a single episode than 

younger infants (e. g., Rose, Feldman & Jankowski, 2001; Ross-Sheehy, Oakes & Luck, 

2003). For example, Rose et al. (2001) familiarised 5-, 7- and 12-month-old infants to 

one to four 3-D objects (each was presented for 3 to 10 seconds, depending on the 

infant's age), then tested recognition memory for the objects. Twelve-month-old infants 

remembered three or four of the objects, but the 5- and 7-month-old infants only 

remembered one or two. Although the age-related decrease in exposure time to the 
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objects must be taken into account, this study shows that the number of items infants 

remember from a single episode increases with age. 

The studies reviewed above reveal that as infants mature, encoding time 

decreases, and memory capacity and retention duration increase. However, in all these 

studies the learning and testing sessions were conducted under the same conditions. In 

more natural settings, infants may need to learn and remember in different circumstances. 

For example, an infant may watch their sibling play with a particular toy in a particular 

way in the kitchen. Later, they may come upon their own version of the toy lying on the 

living room floor. Being able to remember and reproduce what their sibling had done 

with the toy requires the infant to be able to encode and retrieve memories in different 

`contexts'. Exploring the ability to remember `out=of-context' reveals the range of 

situations in which infants can retrieve and use their memories. Indeed, Bruner (1969) 

argued that the interesting thing about memory is not that we possess it, but whether we 

can retrieve it and use what is relevant. 

1.4. Contextual influences on memory retrieval 

In adulthood, anecdotal observations indicate that retrieving memory `out-of- 

context' is a non-trivial skill. For example, Smith (1988) notes an occasion upon which 

Ludwig van Beethoven dreamed of a piece of music whilst riding in a coach, which he 

could not remember until he rode in the same coach the following day. In a more 

mundane example, it is a seemingly common experience to go upstairs, promptly forget 

the item one went upstairs for, only to remember it again on returning to the ground floor. 

In this case a change of context, from downstairs to upstairs, appears to preclude memory 

for the sought item. Understanding the ability to remember out-of-context entails 

understanding the influence of a context change on memory retrieval. 

There is a long tradition of experimental research into the influence of a context 

change on memory retrieval in adulthood (reviewed by Davies, 1988; Smith, 1988, 

Smith, 1994; Smith & Vela, 2001), and a parallel research field with animals (reviewed 

by Balsam & Tomie, 1985; Bouton, Nelson & Rosas, 1999). This research provides 

valuable insights into contextual memory that can be used to guide and interpret studies 

with infants on this topic. 
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1.4.1. Definitions of `context' 

In order to study the influence of context on memory retrieval, it is important to 

define the term `context'. Broadly, the word `context' is used to refer to any information 

that is not the `to-be-remembered' or `target' information in a particular task. For 

example, in a shape recognition task participants might be asked to identify whether a 

particular shape was seen earlier in the experiment. In this case, the shapes of the test 

stimuli would be the target information, and any other information (including potentially 

irrelevant details of the test stimuli, such as their colour) could be termed `context'. The 

range of attributes that have been referred to as `context' cover all modalities, including 

internal states (caused by drugs or unpleasant experiences; e. g., Overton, 1985), odours 

(e. g., Aggleton & Waskett, 1999), tastes (e. g., Baker, Bezance, Zellaby & Aggleton, 

2004), auditory stimuli (e. g., Honey & Good, 2000), or visual cues (either alone or in 

conjunction with other cues; e. g., Murnane, Phelps & Malmberg, 1999). Some studies 

manipulate single features (e. g., Ecker, Zimmer & Groh-Bordin, 2007b), whereas others 

manipulate large collections of attributes simultaneously (e. g., Godden & Baddeley, 

1975,1980). The details included in the definition of `context' may thus vary widely 

between studies. 

In response to the wide scope of the term `context', researchers have empirically 

and theoretically distinguished between different forms of context (Baddeley, 1982; 

Godden & Baddeley, 1980; Smith, 1988; Smith & Vela, 2001). For example, Smith 

(1988) distinguishes internal context (conditions inside the participant such as their mood 

state), from external context. External context can be further subdivided into intrinsic 

context (obligatorily-processed stimulus attributes such as the meaning of a word) and 

extrinsic context (Godden & Baddeley, 1980). Dalton (1993) divides extrinsic context 
into local context (fast-changing and specific, such as the background upon which a 

stimulus is presented) and global context (slow-changing and general, such as the room 

of testing). Whereas these divisions indicate that it is important to consider the 

relationship between context and the target stimulus (also see Baddeley, 1982), other 

distinctions indicate the importance of considering the relationship between the 

contextual element and the ongoing task (e. g., Smith, 1988; Smith & Vela, 2001). For 

example, Smith and Vela (2001) distinguish between non-incidental and incidental 
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contexts, where incidental contexts are not directly relevant to the ongoing task, and non- 

incidental contexts are directly relevant. The terminology in this section will be used 

throughout the present thesis. 

1.4.2. Context-shift effects and their interpretation 

Contextual influences on memory are often studied by investigating `context-shift 

effects'. In such studies, an aspect of the context of learning is changed between the 

learning and test sessions, and the impact on memory retrieval is noted. For example, in 

a seminal study, Godden and Baddeley (1975) taught a list of words to a group of divers, 

which they were subsequently asked to recall. Divers who learned and remembered the 

words in the same physical environment (either on land or underwater) recalled 

significantly more words than divers who learned and remembered the words in different 

physical environments. The negative impact of a context change between learning and 

retrieval on performance on a memory test can be termed a `context-shift effect'. 

Context-shift effects can be caused by a large number of different contextual changes, 

from the flavour of chewing gum consumed (Baker, Bezance, Zellaby & Aggleton, 2004) 

to the experimental room in which learning occurs (e. g., Dalton, 1993). The presence of 

a context-shift effect indicates that information is remembered more poorly out of the 

context in which it was learned. Importantly, the specific collections of features defined 

as the learning and testing contexts are typically counterbalanced between or within 

participants, to ensure that any context-shift effect cannot be attributed to the specific 

characteristics of one of the contexts used. 

The interpretation of context-shift effects is typically guided by the encoding 

specificity principle (ESP; Tulving & Thompson, 1973), which proposes that memory 

retrieval is governed by the interaction between the contents of the memory trace, and at 

the cues present at retrieval. The closer the match, the more likely that memory retrieval 

will be successful. Thus, if memory retrieval is, poorer after a context change (provided 

alternative ekplanations have been ruled out), context Was encoded in memory with the 

target items. Demonstrating that a contextual detail has been encoded in memory may be 

particularly important when working with infants, who cannot be explicitly asked to 

report the contextual details that they remember. 
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There are two ways in which a context-shift effect could be produced. First, the 

context of learning could provide retrieval cues to associated target information. For 

example, Lehmann, Carfagnini, Yamin & Mumby (2005) found that rats with 

hippocampal damage had poorer memory for a probe-shock association than control rats 

when tested in the environment of learning. However, when tested out of the learning 

environment, performance was equivalent for the two groups. As the data did not suggest 

a floor effect, it appears that the rats with hippocampal lesions could not benefit from the 

contextual cues that control rats utilised when learning and testing occurred in the same 

environment. Secondly, a context-shift effect may result if the absence of learned 

contextual information inhibits retrieval of associated target information. For example, 

Moses, Cole, Driscoll, and Ryan (2005) found that rats with hippocampal lesions 

performed better than normal rats on the first trial after a testing arena was moved from 

one room to another, despite equivalent performance in the room of learning. The normal 

rats presumably performed more poorly in the alternate environment because the 

mismatched contextual information impeded performance, an inhibitory effect that did 

not appear to influence the performance of the rats with hippocampal lesions. Thus, any 

context-shift effect could result from inhibition of retrieval in the alternate context, 

facilitation of retrieval in the context of learning, or both. 

The absence of a context-shift effect can also result from two processes. First, 

contextual information may not have been encoded in memory in the first place, or may 
have been forgotten by the time of the test session. For example, a context-shift effect 

may not be seen when memory is tested after a long delay, unless participants are 

reminded of the context in which learning took place (e. g., Zhou & Riccio, 1994). 

Presumably, remembering the context of learning at the time of retrieval is an important 

determinant of context-shift effects. Secondly, contextual information may have been 

initially encoded in memory, but have little or no detectable impact on the retrieval of 

target information. When telling stories from the past, we often recall details of the 

context of an event whilst presently being in a different setting. The ability to retrieve a 

memory that includes contextual information in a different context is sometimes termed 

`generalisation'. Contextual encoding and generalisation are thus important processes to 

consider when exploring the ability to remember out-of-context. 
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1.5. The neural basis of contextual memory 

In the 1980s, research on the neural structures involved in contextual memory led 

a number of researchers to propose that neurological immaturity would prevent infants 

from encoding details that typically comprise the `context' of an event (e. g., Nadel, 

Willner & Kurtz, 1985; Nadel & Zola-Morgan, 1984; see also Schacter & Moscovitch, 

1984). This idea stemmed from two observations: that the hippocampus (a brain 

structure situated in the medial temporal lobe; Figure 1) is important in contextual 

memory (e. g., Hirsh, 1974), and that infant rats (around Post Natal Day (PND)18) have 

an immature hippocampus (Altman & Bayer, 1975; Rudy & Morledge, 1994). The view 

that infants fail to encode contextual details in memory is still occasionally expressed: a 

recent review stated that "[research is] consistent with the notion that context free, 

incidental mnemonic abilities precede the development of context-rich memory, which 

only gradually emerges during childhood" (Bachevalier & Vharga-Khadem, 2005, p 169; 

italics added for emphasis). To evaluate the assumptions of this proposal, the next 

sections consider evidence pertaining to the neural substrates of contextual memory, and 

their development. 
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Figure 1.1. The anatomy of the human hippocampus (left) and its position in the brain (right). 

Reproduced from Davinsky, 2004. and White, 2004 respectively. 
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1.5.1. Contextual memory in the mature brain 

Regions of the medial temporal lobe, such as the hippocampus, and other 

connected structures such as the frontal cortex have long been associated with some 

(though not all) types of memory function (reviewed by Simons & Spiers, 2003; Squire, 

2004). The hippocampus, areas of the medial temporal lobe and the frontal cortex are 

also involved in contextual memory (Cansino, Maquet, Dolan & Rugg, 2002; Davachi, 

Mitchell & Wagner, 2003; Goh et al., 2004; Ranganath et al., 2003; Summerfield & 

Mangels, 2005; reviewed by Burgess, Maguire & O'Keefe). For example, in a functional 

magnetic resonance imaging (fMRI) study, Cansino et al. (2002) found that correct 

memory for an item and its source (location on the screen) were predicted by greater 

activity in the right hippocampal formation and the left prefrontal cortex during encoding. 

Frontal and posterior regions may also interact to produce contextual memory during 

retrieval. In an electroencephalogram (EEG) study, Summerfield and Mangels (2005) 

found that correct item and colour memory was correlated with greater coherence in the 

theta band (4-8Hz) activity measured over frontal and posterior scalp areas. This theta 

band activity is though to reflect functional coupling of the two areas. Coherent theta 

oscillations may provide one way in which activation in the medial temporal lobe, and 

activation in the frontal lobes, could interact to produce contextual memory retrieval. 

The hippocampus may be necessary for some aspects of contextual memory, such 

as the influence of incidentally-encoded contextual information on memory retrieval, in 

human adults (Chun & Phelps, 1999; Ryan & Cohen, 2004; Ryan, Althoff, Whitlow & 

Cohen, 2000) and other vertebrate species (Ennaceur et al., 1997; Mumby, Gaskin, 

Glenn, Schramek & Lehmann, 2002; though see Eacott & Norman, 2004; Gaffan, 1994). 

For example, patients with hippocampal damage exhibit impaired performance in a task 

where surrounding stimuli predict the location of a target stimulus (Chun & Phelps, 

1999). Similarly, rats with hippocampal lesions perform differently to control rats on 

tasks that test memory for the incidentally-encoded association between an object and its 

context (Mumby et al., 2002). However, hippocampal damage has less effect on 

contextual memory in other circumstances. For example, extensive exposure to 

contextual information enables rats with hippocampal lesions to remember a context- 

shock association (e. g., Young, Bohneck & Fanselow, 1994), and the hippocampus may 
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be unnecessary for processing contextual information when context is the only predictive 

information in a task (Good & Honey, 1991), or when contextual changes are subtle 

(McDonald et al., 1997). Thus, the hippocampus may only play a crucial role in 

contextual memory when the context is relatively novel, and incidental to the 

experimental task. 

In line with the observation that the hippocampus may or may not be necessary 
for contextual encoding, context-shift effects may or may not be attenuated by 

hippocampal damage. Some studies find decreased context-shift effects in rats with 
hippocampal damage (e. g., Good, de Hoz & Morris, 1998; Honey & Good, 1993; Moses 

et al., 2005; Winocur, 1997). For example, Honey and Good (1993) found that rats with 
hippocampal lesions do not exhibit reduced latent inhibition (a retardation in learning 

about a stimulus that has previously been uninformative) after a context change, unlike 

control rats. Conversely, context-shift effects are sometimes enhanced in rats with 

hippocampal lesions (Melik, Babar, Ozen & Ozgunen, 2006; O'Brien, Lehmann, Lecluse 

& Mumby, 2006; Winocur & Olds, 1978). For example, O'Brien et al. (2006) found that 

control rats recognised a familiar object when learning and testing occurred in different 

contexts over a 15-minute delay, but rats with hippocampal lesions did not, despite 

normal performance in the learning context. Clearly, even incidentally-presented 

contextual information can sometimes influence memory retrieval in the absence of the 

hippocampus (reviewed by Maren, Anagnostaras, & Fanselow, 1998; Rudy et al., 2004). 

Although the hippocampus does play an important role in contextual memory, its absence 

does not leave memory `context-free'. 

1.5.2 Contextual nienioiy in the immature brain 

Infant rats (PND 17-19), who have an immature hippocampal formation (e. g., 

Altman & Bayer, 1975; Rudy & Morledge, 1994) but can participate in paradigms 

typically used with adult rats, provide a good opportunity to explore the relationship 

between hippocampal development and contextual memory. Evidence that contextual 

memory is immature in infant rats comes from the observation that young rats sometimes 

show smaller context-shift effects than older rats (Rudy, 1994; Yap & Richardson, 2005). 

Apparently, young rats encode contextual information, but this information has less 
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influence on memory retrieval than in older rats. For example, in a latent inhibition 

paradigm Yap and Richardson (2005) found no context-shift effect when both learning 

and retrieval occurred at PND 18 to 20. In contrast, a context-shift effect was found 

when retrieval occurred at PND 25, irrespective of whether learning occurred at PND 18 

or 25. Thus, rats encoded context when they were 18-days old, but contextual 

information only influenced memory retrieval in 25-day-old rats. 

Although Young and Richardson found no evidence that memory retrieval in 18- 

day-old rats is influenced by a context change, this age-group do sometimes show 

significant context-shift effects (Richardson, Riccio & McKenney, 1988). Indeed, 

contextual information sometimes plays a larger role in infant learning and memory than 

for adults. For example, the same distinctive pharmacological state, or ambient odour, 

present at both conditioning and testing facilitates learning in infant but not adult rats 

(Concannon, Smith, Spear & Scobie, 1978; Richardson, Riccio & Axiotis, 1986; 

Richardson, Riccio & Jonke, 1983). Clearly, context influences memory retrieval in 

infant rats under some circumstances, although contextual memory is not adult-like in 

nature (e. g., Brasser & Spear, 2004). Thus, hippocampal immaturity does not appear to 

lead to `context-free' memory, at least in infant rats. 

1.6. Theoretical perspectives on the neural basis of contextual memory 
One way to clarify the role of the hippocampus in contextual memory is to take a 

theoretical perspective. Two theories that are particularly relevant to understanding the 

role of the neural systems involved in contextual memory, relational memory theory (e. g., 

Eichenbaum, Otto & Cohen, 1994; Eichenbaum & Cohen, 2001), and conjunctive 

representations theory (e. g., O'Reilly & Rudy, 2001), are introduced in the next sections. 

1.6.1. Relational Memory Theory 

Memory may not be a unitary ability (reviewed by Eichenbaum & Cohen, 2001). 

One division that has been widely accepted is the declarative/nondeclarative distinction 

(reviewed by Squire, 2004), which was initially motivated by the observation that 

patients with amnesia are typically poor at remembering facts and events, but not 
impaired in skill learning (e. g., Cohen & Squire, 1980; Scoville & Milner, 1975). 
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Declarative memory (the memory that is typically impaired in amnesia) comprises 

semantic memory (memory for facts) and episodic memory (memory for events; e. g., 

Tulving, 1972,1983,2002), and is typically measured by explicit retrieval tasks such as 

recall (in which participants retrieve a piece of information from memory) and 

recognition (in which participants identify that an item of presented information has been 

previously encountered). Declarative memory has been linked to the functioning of the 

hippocampus and surrounding structures (reviewed by Squire, 2004). Nondeclarative 

memory (typically spared in amnesia) includes the acquisition of skills, and other 

nonconscious forms of learning such as priming (the effect of prior processing on 

subsequent processing speed). Nondeclarative memory is thought to be accomplished by 

a variety of neural systems outside the medial temporal lobe (reviewed by Gabrieli, 

1998). 

In recent years, declarative memory has been reconceptualised by some authors as 

`relational memory' (e. g., Chun & Phelps, 1999; Eichenbaum et al., 1994; Ryan & Cohen, 

2004). Relational memory is memory for the "relevant contingencies between 
... 

items 

and the structure of any already established memory organisation that involves those 

items" (Eichenbaum et al., 1994, p 467). In RMT, the medial-temporal lobe does not act 

as a unitary memory system. Rather, its subcomponents have specific roles, an attractive 
feature of RMT as there is increasing evidence for the existence of functional divisions 

within the medial-temporal lobe (reviewed by Murray & Wise, 2004). Eichenbaum, 

Yonelinas and Ranganath (2007) present a range of data in support of the proposal that 

the perirhinal cortex stores representations of individual items (after an initial period of a 
few minutes where they are processed in the hippocampus), the parahippocampal cortex 

stores contextual information, whereas memory for item-context relations remains stored 

in the hippocampus'. Under Relational Memory Theory (RMT), the `relational' 

memories stored by the hippocampus are held to be `flexible'; that is, they can be 

accessed by novel routes or pathways, "permitting the expression of memories in various, 

even novel, situations" (Eichenbaum et al., 1994, p 467) 
. This "representational 

flexibility" (Eichenbaum, 1997), is held to be a key property of relational memory. Thus, 

learning and remembering in different contexts can be attributed to representational 

1 This has also been termed the ̀ Binding-in-Context model' (Eichenbaum et al., 2007; Diana et al., 2007). 
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flexibility, providing that the contextual information in question was encoded and 

associated with memory for the target items. 

In contrast, memory stored outside the hippocampal formation is proposed to be 

`inflexible', such that retrieval is closely tied to the conditions of encoding. Extra- 

hippocampal memories "involve the tuning or biasing of items within separate processing 

modules of the brain operating in isolation 
... Individual representations can incorporate 

combinations of stimulus elements, but such processing involves the fusion of stimulus 

elements into a single representation lacking the property of compositionality" 

(Eichenbaum et a1., 1994, p 467, italics added for emphasis). `Compositionality' refers to 

a property that enables the "simultaneous representation both of the separate constituent 

pieces of knowledge and the larger structure they serve" (Cohen, Poldrack & 

Eichenbaum, 1997, p 141). Representations that are not compositional "can only be 

expressed or otherwise exert their influence under testing conditions that.... constitute a 

repetition of the original learning situation" (Cohen et al., 1997, p. 142). In other words, 

when single elements have been fused (or `unitized'; e. g., Yonelinas, Kroll, Dobbins & 

Soltani, 1999) into a noncompositional representation they cannot be accessed 
independently of each other. 

How does RMT account for the effects of a hippocampal lesion on contextual 

memory? Under RMT, hippocampally-dependent memory includes item-context links, 

but representational flexibility enables retrieval to be minimally affected by a context 

shift. Nonetheless, a small context-shift effect may occur because there are fewer 

retrieval cues to the target item when learned contextual information is absent during the 

test session. In the absence of the hippocampus, item-context associations will be less 

likely to form. This could explain why rats with hippocampal lesions sometimes show 

reduced context-shift effects (e. g., Good, de Hoz & Morris, 1997; Honey & Good, 1993; 

Moses et al., 2005; Winocur, 1997). However, extra-hippocampal representations might 

include salient contextual information if it can be blended with target information, 

particularly when context is directly relevant to the task solution. This could explain why 

rats with hippocampal lesions are often able to learn tasks that require intentional 

contextual processing (e. g., Good & Honey, 1991; McDonald et al., 1997). When 

contextual information is blended into the memory trace, the absence of this information 
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during the test session is likely to have a profound effect on retrieval. The inclusion of 

contextual information into a blended representation could explain why some studies find 

greater context-shift effects in rats with hippocampal lesions (e. g., O'Brien et al., 2006). 

Thus, RMT provides a relatively comprehensive account of the relationship between 

contextual memory and the hippocampus (reviewed by Moses & Ryan, 2006). 

1.6.2. Conjunctive Representations Theory 

An alternative account of the relationship between contextual memory and the 

hippocampus is provided by Conjunctive Representations Theory (CRT; reviewed by 

O'Reilly & Rudy, 2001; Rudy, Huff & Matus-Amat, 2004), which has its roots in 

associationism. CRT proposes that there are two types of representations that can enter 
into associations. Elemental representations stand for individual stimuli, such as a light, 

which can be associated with a reward, such as food. However, these representations are 

not always sufficient to solve a task. For example, in a negative patterning task a tone 

might predict reward, a light alone might predict reward, but a tone and a light together 

might predict no reward (e. g., Rudy & Sutherland, 1989). In this case, a conjunctive 

representation of `light + tone' is formed, which acquires an inhibitory association to the 

reward representation. This inhibitory association counters the excitatory associations 
between the reward and the elemental representations of the light and tone, allowing the 

task to be solved. Importantly, conjunctive associations are not simply the sum of their 

component stimuli; rather, they are closer to a new stimulus that is used to represent the 

presence of both constituent stimuli (O'Reilly & Rudy, 2001). As such, it has been 

argued that conjunctive representations are similar to the `fused' representations of RMT 

(Moses & Ryan, 2006). 

Although in CRT conjunctive representations can be formed in the cortex over 
long periods of explicit training (O'Reilly & Rudy, 2001), the hippocampus "rapidly and 

automatically [stores] conjunctive representations just as a function of the organism 

attending to its environment" (Rudy et al., 2004 p. 2). When incoming information 

matches part of a stored conjunctive representation, the hippocampus is specialised for 

two competing processes: pattern completion, where the incoming information acts as a 

retrieval cue for the stored conjunctive representation, and pattern separation, where the 
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incoming information is distinguished from stored conjunctive representations (e. g., 

Atallah, Frank & O'Reilly, 2004; Norman & O'Reilly, 2003; O'Reilly & Rudy, 2001). 

Pattern completion is more likely to occur if the incoming and stored patterns overlap to a 

greater degree. Pattern completion is thought to be crucial to declarative memory, 

because it enables memory retrieval to proceed from a small number of retrieval cues 

(Rudy et al., 2004; Squire, 1992). Within the hippocampus, area CAI is thought to be 

important in driving pattern completion through its graded response to stimuli, and the 

dentate gyrus and area CA3 are thought to be important in driving pattern separation 

through the sparseness of the representations they provide (O'Reilly & McClelland, 

1994; Vazdarjanova & Guzowski, 2004). 

Under CRT, contextual information can be included in conjunctive 

representations, and can thus influence the competition between pattern completion and 

pattern separation in the hippocampus (O'Reilly & Rudy, 2001). During a memory test, 

the degree of similarity between the learning and testing contexts may influence the 

neural competition between pattern completion and pattern separation, and hence the 

likelihood of successful memory retrieval. Thus, CRT can readily account for context- 

shift effects that occur through hippocampal processing. However, contextual effects on 

memory retrieval can also occur through extra-hippocampal processing in two main 

ways. First, the context may involve a salient feature that is elementally represented and 

can be directly associated with reward. The loss of this feature after a context-shift 

would reduce the magnitude of the learned response. Under CRT, this mechanism may 

not be very important under normal circumstances, because a mature hippocampus 

inhibits associations between rewards and elemental representations of contextual 
features (Rudy et al., 2004). Secondly, contextual information can influence memory 

retrieval in the absence of the hippocampus if training takes place over many trials, and 

contextual information is included in extra-hippocampal conjunctive representations that 

form slowly in the cortex (e. g. Whishaw & Tomie, 1991). Thus, CRT provides a number 

of ways in which contextual information can negatively influence memory retrieval. 
CRT can also explain why a change of context does not typically preclude 

memory retrieval, through three mechanisms that allow memories to be generalised from 

one setting to another. First, pattern completion in the hippocampus can drive retrieval of 
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memory traces that share common elements with cortical inputs (e. g., Atallah et al., 

2004; O'Reilly & Rudy, 2001). However, this is likely to support only limited 

generalisation, because the hippocampus is biased towards pattern separation (Atallah et 

al., 2004). Secondly, multiple experiences of similar input patterns lead to 

`decontextualisation' - the strengthening of links between common features of an 

episode, and the weakening of links to more specific features (O'Reilly, 2001). This may 

co-occur with a transition in the importance of relevant brain areas from the hippocampus 

to the neocortex (e. g., McClelland, McNaughton & O'Reilly, 1995). Decontextualisation 

may support generalisation based on categories constructed from perceptual or functional 

features, but this process is only likely to emerge after many trials. Finally, 

generalisation can proceed through `abstraction', the identification of abstract patterns in 

the prefrontal cortex (Rougier, Noelle, Braver, Cohen & O'Reilly, 2005). For example, 

abstraction supports the inference that `open weekdays until 8' means that the store will 

still be open at 7 on a Tuesday. In humans, the prefrontal cortex continues to develop 

until puberty, suggesting that this form of generalisation may have a protracted 

development (Munakata & O'Reilly, 2003). 

Both CRT and RMT propose an important role for the hippocampus in contextual 
influences on memory retrieval. Both theories propose that the hippocampus can also 

support memory retrieval in alternate contexts (through representational flexibility or 

pattern completion), although under CRT this function is mainly driven by the frontal 

cortex (e. g., Munakata & O'Reilly, 2003). Although context can influence memory 

through extra-hippocampal processes in both theories, this is different to how context 

influences memory in the presence of a mature hippocampus. Thus, understanding 

hippocampal development is important for understanding contextual memory in infancy. 
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1.7. Development of the neural systems involved in contextual memory 

In most brain areas, rapid synaptogenesis in the infancy period creates a peak of 

synaptic density, before the excess synapses are gradually pruned to adult levels 

(reviewed by Huttenlocher, 1994; Huttenlocher & Dabolkhar, 1997; Nelson, 1999; Webb, 

Monk & Nelson, 2001). This process follows different timescales in different areas. For 

example, in the primary auditory and visual cortices synaptogenesis peaks around 3-4 

postnatal months, with maximum density reached around 4 months, and pruning is 

complete by early childhood (2-6 years). However, in the frontal cortex, synapse 
formation does not reach maximum density until around 15-months, and in the medial 

frontal gyrus (an area of the frontal cortex) maximum density is not reached until the age 

of 3.5 years, with pruning continuing into adolescence. Given the role of the frontal 

cortex in contextual memory and generalisation (e. g., Cansino et al., 2002; O'Reilly, 

2001; Rougier et al., 2005), the relatively slow development of this region indicates that 

some aspects of contextual memory are likely to be immature in infancy (and indeed into 

childhood; Ofen et al., 2007). 

In contrast to the frontal cortex, most features of the hippocampus appear 

relatively mature in early infancy. For example, in the CA fields of the hippocampus, 

and in the subiculum, most cells are formed and in their adult locations by birth (Seress, 

2001). On MRI scans, the basic gross morphology of the hippocampus is similar to that 

of adult from at least the age of 3-weeks (Utsunomiya, Takano, Okazako & Mitsudome, 

1999). Synaptic proliferation is rapid after birth, and synapses reach their adult levels by 

around 6-months of age. Thus, most of the hippocampus is mature by the 2-6th postnatal 

month (reviewed by Bauer, 2004), leading some authors to argue that hippocampal 

structures could support rudimentary memory formation and retrieval from birth 

(reviewed by Bachevalier & Vargha-Khadem, 2005; Nelson, 1995). This can be 

contrasted with the late maturation of the hippocampus in infant rats, from which'the 

prediction that memory would be context-free in infancy was originally derived (e. g., 

Nadel et al., 1985; Nadel & Zola-Morgan, 1984; see also Schacter & Moscovitch, 1984). 

Thus, it is plausible that human infants process contextual information in a similar way to 

adults from very early in development. 
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Despite the early maturity of some features of the hippocampus, there are 

nonetheless post-natal developments in the hippocampal region. For example, 

myelination (a process of neuronal sheathing that increases the speed of signal 

transmission) in the hippocampal region may last into puberty (Arnold & Torjanowski, 

1996; Benes, Turtle, Khan & Farol, 1994). Myelination of the fornix and anterior 

commissure (two important conduits for inputs and outputs to the hippocampal region) 

increases over the first two years of life (Utsunomiya et al., 1999). In addition to changes 
in myelination, there are changes in the size of the hippocampus through development. 

For example, in cross-sectional MRI and autopsy studies, the hippocampus shows a rapid 
increase in volume from birth up to the second postnatal year, with slower increases 

continuing into adolescence (Kretschmann, Kammradt, Kratuhausen, Sauer & Wingert, 

1986; Pfluger et al., 1999; Utsunomiya et al., 1999)2. Changes in the size of areas of the 

hippocampus have also been found on MRI scans taken longitudinally between the ages 

of 4 and 25 years (Gogtay et al., 2004). In this study, the observed changes were not 

uniform across different hippocampal regions - whilst the anterior subregion decreased in 

size, the posterior subregion increased in size. Notably, for children and young adults, 

there is a negative correlation between hippocampal volume and memory performance 

(van Petten, 2004), indicating that the cognitive implications of a size change are not easy 

to interpret. Nonetheless, developments in the hippocampal region through the infancy 

period are likely to impact on memory development. 

One area of the hippocampus, the dentate gyrus, undergoes a particularly 

protracted period of development (e. g., Seress, 2001; Seress, Abraham, Tornoczky & 

Kosztolanyi, 2001). Indeed, neurogenesis continues in the dentate gyrus into adulthood 

(Eriksson et al., 1998). Most cells are formed by birth, but the morphology of individual 

neurons in the dentate gyrus does not appear adult-like until 12-15-months (Seress, 

2001). Synaptogenesis increases from 8- to 12-months, and peaks at 16- to 20-months 

(Seress, 2001). Although the timescale of synaptic pruning in human infancy is presently 

unclear, pruning in the dentate gyrus of rhesus monkeys (who have similar, though not 
identical, development in the hippocampal region) is not complete until around 4-5 years 

2 Notably, the volume of the whole brain also increases rapidly over the first two years of life (e. g., Pfluger 
et al., 1999; Courschene, Chisum, Townsend et al., 2000). 
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(Eckenhoff & Rakic, 1991). Further, in human infants myelination does not begin until 

around 11-months of age in the dentate gyrus (Seress et al., 2001). As the dentate gyrus 

is thought to be particularly important for driving pattern separation in the hippocampus 

(O'Reilly & McClelland, 1994; Vazdarjanova & Guzowski, 2004), the immaturity of the 

dentate gyrus in infancy may reduce the likelihood of similar episodes being represented 

separately in memory. Under this account, young infants would be more likely to exhibit 

pattern completion across small contextual changes. However, other authors have 

proposed that immaturity of the dentate gyrüs would lead to limited `representational 

flexibility', increasing the likelihood that a contextual change would negatively influence 

memory retrieval (e. g., Richmond & Nelson, 2007). Exploring the development of 

contextual memory in infancy may thus provide contributing evidence to the debate 

between the two major models of contextual memory and the hippocampus (see Moses & 

Ryan, 2006 for direct comparison). 

1.8. Context-shift effects in human infants 

Taken together, the research described in sections 1.5,1.6 and 1.7 undermines the 

logic of the proposal that memory in infancy is `context-free' because of hippocampal 

immaturity (e. g., Nadel & Zola-Morgan, 1984). Although the hippocampus plays an 

important role in contextual memory, theoretical and empirical studies indicate that the 

hippocampus is not always iiecessa, y for contextual information to be encoded or to 

influence retrieval. Memory in infant rats, who have an immature hippocampus, is 

influenced by contextual manipulations. Furthermore, in humans, unlike in rats, most 

features of the hippocampus are mature in early infancy. Thus, evidence from studies of 

the neural basis of contextual memory provides no support for the idea that memory in 

human infancy is likely to be context-free. However, there are postnatal changes in the 

hippocampal region (such as the protracted development of the dentate gyrus) that 

indicate that contextual memory may undergo postnatal development in human infancy. 

Furthermore, the frontal cortex, also important in contextual memory, remains immature 

until adolescence. Research on the neural basis of contextual memory thus indicates that 

it is important to explore the development of contextual influences on memory retrieval 
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in human infancy. In this section, current knowledge of contextual influences on infant 

memory retrieval is reviewed. 

1.8.1. Insights front the Mobile Cot jugate Rein forcentent Paradigm (MCRP) 

Work on the role of context in memory retrieval in 2- to 6-month-old infants 

began with an operant conditioning procedure called the Mobile Conjugate 

Reinforcement Paradigm, or mobile task (reviewed by Rovee-Collier, 2001; Rovee- 

Collier et al., 2001). In this task, an infant learns that kicking his leg produces contingent 

movement in a mobile suspended above his crib or playpen. Memory is assessed by 

measuring kick rate in the absence of reinforcement, during a test session. In order to 

examine the influence of context on memory retrieval, the cues provided for infants 

during the test session are manipulated. For example, infants may be tested in the 

presence of a novel mobile (e. g., Rovee-Collier & Sullivan, 1980), in a different room in 

their home (e. g., Hayne, Rovee-Collier & Borza, 1991), or with a different distinctive 

lining to their crib (e. g., Borovsky & Rovee-Collier, 1990). Using the terminology 

discussed in Section 1.4.1, in the remainder of the thesis details of the mobile will be 

defined as intrinsic context, the crib liner will be referred to as local extrinsic context 

(because it is a specific feature of the test setting), and the room of testing will be referred 

to as global extrinsic context3. 

In the mobile task, memory retrieval in 3- and 6-month-old infants is strongly 

constrained by intrinsic contextual congruency between encoding and retrieval. When 

the mobiles used in the learning and testing sessions are identical, 3- and 6-month-old 

infants remember the mobile task for 2- and 3-weeks respectively (e. g., Butler & Rovee- 

Collier, 1989; Hill et al., 1988). However, when 3- and 6-month-old infants are 

presented with a completely novel mobile in the training environment after a 24-hour 

delay, they show no evidence of memory retrieval (Borovsky & Rovee-Collier, 1990; 

Fagen, Rovee-Collier & Kaplan, 1976; Rovee & Fagan, 1976), even if training and 

3 'Local' context typically refers to specific features that are ̀ fast-changing'. `Fast-changing' generally 
means that contextual features are presented with each stimulus, rather than context that is present 
throughout the learning session. For example, each one of a series of faces might be presented with a 
different name. These names would be referred to as local context (Dalton, 1993). In the mobile task, only 
one stimulus is typically presented. Thus, the slow/fast-changing aspect of the local/global distinction is 
less relevant than the distinction between specific and general features of the test setting, and it is the latter 
distinction that is used here. 
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testing occur in the presence of a distinctive crib liner (Butler & Rovee-Collier, 1989; 

Hill et al., 1988). Memory may also be precluded by relatively minor changes to the 

testing mobile. For example, for 3-month-old infants memory retrieval typically fails if 

more than one component of a five-component mobile is novel (Hayne, Greco, Earley, 

Griesler & Rovee-Collier, 1986). 

Over time, memory for the training contingency typically becomes less 

constrained by details of the mobile. When learning occurs in the absence of a distinctive 

crib liner, and memory is tested 3- or 5-days after learning, 3-month-old infants respond 

equivalently to a novel mobile and the original mobile (Rovee-Collier & Sullivan, 1980). 

However, when a distinctive crib liner is present during the learning and testing sessions, 

3- and 6-month-old infants do not respond to a novel mobile over any delay over which 

they remember the training mobile (Butler & Rovee-Collier, 1989; Hill et al., 1988). 

Rovee-Collier and colleagues argue that infants respond to a novel mobile when they 

have forgotten the specific details of the training stimulus, and can only retrieve memory 

for the general features of the training situation (reviewed by Rovee-Collier, 2001). 

When infants remember the specific details of the training stimulus, they realise that the 

novel mobile is different and do not respond4. Providing a distinctive crib liner for 

learning and retrieval may enable infants to remember the specific details of the training 

mobile for longer, thus facilitating discrimination over longer retention intervals (Butler 

& Rovee-Collier, 1989). 

Changes in extrinsic contextual information also influence memory retrieval for 

3- and 6-month-old infants, but effects depend on the age of the infant and the interval 

over which retention is assessed (Borovsky & Rovee-Collier, 1990; Butler & Rovee- 

Collier, 1989; Fagen et al., 1997; Hayne et al., 1991). For example, memory retrieval in 

3-month-old infants is unaffected by a change from one distinctive crib liner to another 

(such as yellow with green squares to blue with red stripes) 1-day after learning, but 

memory is precluded by the change 3-, 5- or 7- days after learning (Butler & Rovee- 

Collier, 1989; Rovee-Collier, Griesler & Earley, 1985). Intriguingly, 6-month-old infants 

show a U-shaped memory function when they are tested over increasing retention 

4 This is an example of the inhibitory effect a change of context may have on memory retrieval (Section 
1.4.2). 
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intervals in the presence of an altered crib liner. A change of crib liner, or simply the 

absence of the training crib liner, precludes retrieval over a 1- or 3-day delay, but does 

not influence retrieval over a 5-, 7- or 14-day delay (Borovsky & Rovee-Collier, 1990). 

However, over a 3-week delay 6-month-old infants can only be reminded of the training 

contingency when the same distinctive crib liner is used for training and reminder 

sessions (Borovksy & Rovee-Collier, 1990), indicating that contextual congruency 

regains importance at the end of the retention interval. 

Other modalities of extrinsic context influence memory retrieval for 3-month-old 

infants in a time-dependent manner. For example, memory retrieval in 3-month-old 

infants is unaffected when different music is played during training and test sessions over 

a 1-day delay, but is precluded over a 7-day delay (Fagen, Prigot, Carroll, Pioli, Stein & 

Franco, 1997). When 3-month-old infants learn the mobile task in one room in their 

home, and are tested in a different room, memory retrieval is unaffected over a 24-hour 

delay, but 2-weeks after learning infants can only be reminded of the mobile task in the 

same room that they learned the contingency (Hayneet al., 1991). Clearly, the absence of 

a context-shift effect in infancy does not always indicate that context has been 

irretrievably forgotten. 

Research with the mobile task has shown that 3- and 6-month-old infants encode a 

wide range of contextual details in their memory representations, and that contextual 

information places a highly constraining influence on memory retrieval early in infancy. 

This contextual specificity is likely to severely limit the situations in which young infants 

have access to their memory representations. However, young infants can sometimes 

retrieve memory out-of-context, even when contextual information has been encoded and 

remembered (e. g., Borovksy & Rovee-Collier, 1990). This indicates that the 

development of the ability to retrieve memory out-of-context (generalisation) is important 

to investigate. However, the mobile task is only suitable for infants of 6-months and 

younger. Given the age-related changes in memory retrieval that occur over the first two 

years of life (Section 1.3), and the developmental changes in the neural systems 

underlying contextual memory reviewed in Section 1.7, it is important to explore the 

influence of context on memory retrieval in infants of 6-months and older. 
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1.8.2. Age-related changes in contextual influences on menioiy retrieval 
In the 1980s and 90s, whilst research with the mobile task was demonstrating that 

memory retrieval in 3- and 6-month-old infants was strongly influenced by contextual 

congruency, Meltzoff and his colleagues were finding the opposite result using deferred, 

imitation tasks with 12-14-month-old infants (e. g., Barnat, Klein & Meltzoff, 1996; 

Hanna & Meltzoff, 1993; Klein & Meltzoff, 1999). In a deferred imitation task, memory 

is tested by observing whether infants reproduce an action that they have previously 

watched an experimenter produce. In these studies, memory retrieval was remarkably 

uninfluenced by changes in extrinsic or intrinsic context. For example, Hanna and 

Meltzoff (1993) found that 14-month-old infants were able to imitate a series of actions 

they had observed at home when they were tested in the lab 2 days later, and Barnat et al. 

(1996) found that 14-month-old infants showed evidence of deferred imitation when 

tested with objects of a different size in a different room in the University over a ten- 

minute delay. Comparing these findings to those from the mobile task, memory retrieval 

in older infants is either less influenced by a contextual change than memory retrieval in 

younger infants, or contextual information plays different roles in the deferred imitation 

and mobile tasks. Evaluating these possibilities requires studies that span the 6- to 12- 

month-age range. 

One approach, taken by Hartshorn et al. (1998b), was to compare the performance 

of 3- and 6-month-old infants in the mobile task with the performance of 9-*and 12- 

month-old infants in a related operant conditioning task, the `train task' (Hartshorn et al., 

1997). The procedures are similar, but in the train task the infant must push a button to 

move a train, rather than kick his leg to move a mobile. In this task, 9- and 12-month-old 

infants were only affected by a change of intrinsic context over relatively long delays 

(e. g. 28 days), whereas 3- and 6-month-old infants were affected by intrinsic context 

changes over much shorter delays (24 hours). Thus, intrinsic contextual changes affected 

memory over shorter absolute delays in younger infants than in older infants. A similar 

pattern was found for 3-, 9- and 12-month-old infants tested with an extrinsic context 

change (although not for 6-month-old infants; see Section 1.8). These results suggest that 

contextual information becomes less important with age, such that older infants only 

require contextual congruency when memory is tested over a long retention interval. 
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One limitation of Hartshorn et al. (1998b) is that intrinsic and extrinsic context 

were defined in different ways for infants of different ages. In the mobile task (for 3- and 

6-month-olds) extrinsic context was defined as the colour and pattern of a distinctive crib 

liner, and intrinsic context was defined as the colour and form of the mobile. In contrast, 

in the train task (for 9- and 12-month-olds) extrinsic context was defined as the room in 

which testing occurred, whereas intrinsic context included the colour (but not the form) 

of the train, and the immediate surroundings of the train set. These included the colour 

and pattern of a distinctive backdrop that was identical to those used as extrinsic context 

in the mobile task. Thus, it is difficult to determine whether the age-related changes 

observed by Hartshorn et al. (1998b) were driven by systematic changes in methodology, 

or changes in the way infants of different ages use contextual information in memory 

retrieval. 

A second approach to studying developmental change in contextual memory 

focussed on using the same paradigm and contextual manipulation with infants of 

different ages. For example, in the puppet deferred imitation task, the infant observes a 

number of target actions modelled on a hand-held glove puppet, and is subsequently 

given the opportunity to reproduce those actions (e. g., Barr et al., 1996; Hayne et al., 

2000). Research with this task has provided more robust evidence of age-related changes 

in the influence of contextual congruency on memory retrieval (e. g., Hayne et al., 2000; 

Learmonth, Lamberth & Rovee-Collier, 2004; 2005). For example, Hayne et al. (2000) 

explored whether 6-, 12- and 18-month-old infants could learn and remember the puppet 

task in different locations over a 24-hour delay. Infants were shown the target actions 

either at home, or in the laboratory. Subsequently, memory retrieval was tested in the 

learning location, or in the alternate location. Twelve- and 18-month-old infants showed 

equivalent levels of memory retrieval in both conditions, whereas 6-month-old infants 

only showed evidence of memory when the demonstration and test sessions occurred in 

the same location. In contrast, when infants were tested in the same location, but with a 

puppet that differed in form and colour from the demonstration puppet, only 18-month- 

old infants showed evidence of memory retrieval after a 24-hour delay. Thus, age-related 

changes in the influence of a context change on memory may differ for intrinsic and 

extrinsic contextual features. 
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Another task that has been used to study age-related changes in contextual 

influences on memory retrieval is a measure of visual recognition memory, the Visual 

Paired Comparison (VPC) task (Haaf, Lundy & Coldren, 1996; Robinson & Pascalis, 

2004). For example, Haaf et al., (1996) showed 6-month-old infants a familiarisation 

stimulus on a brightly coloured and patterned background. Recognition memory was 

tested immediately by presenting the familiar stimulus and a novel stimulus on either the 

same background as during familiarisation, or on a novel background. Six-month-old 

infants only exhibited recognition memory when the background was the same during 

learning and retrieval. Subsequently, Robinson and Pascalis (2004) tested 6- to 24- 

month-old infants in a similar task. Whereas 6- and 12-month-old infants showed no 

evidence of recognition memory for the familiar stimulus when it was presented on an 

alternate background, 18- and 24-month-old infants recognised the familiar stimulus in 

both conditions. Visual recognition memory is particularly constrained by details of the 

background upon which a stimulus is presented for 6- and 12-month-old infants in this 

task. 

Broadly, between 6- and 18-months there may be age-related changes in the 

success with which infants can retrieve memory across changes in the intrinsic and 

extrinsic context of encoding and retrieval. This is particularly interesting in light of the 

evidence reviewed in Section 1.7 concerning the development of the brain structures 
involved in contextual memory over the infancy period. Indeed, some authors have 

interpreted changes in contextual influences on memory retrieval as reflecting age-related 

change in `representational flexibility' (e. g., Hayne, 2004; Hayne et al., 2000; Robinson 

& Pascalis, 2004). However, there are disparities in the timescale over which change 

occurs in different paradigms. In the VPC, infants show no evidence of memory retrieval 

when the background of a stimulus is changed before the age of 18-months (Robinson & 

Pascalis, 2004). In contrast, in the deferred imitation task, by 12-months memory 

retrieval is unaffected by a change from home to the lab between the learning and test 

sessions (Hayne et al., 2000). Both authors attribute memory retrieval in the changed 

context condition to `representational flexibility'. If this is the case, the development of 

representational flexibility is gradual and non-uniform. 
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1.9. Variables that influence the magnitude of context-shift effects 

Given that the developmental trajectory of contextual influences on memory 

retrieval is non-uniform, it is important to explore contextual memory under different 

conditions. This may illuminate the processes underlying developmental changes in 

contextual memory, and reveal the range of circumstances in which infants of different 

ages can access their memory representations. To do this, it is necessary to identify the 

variables that might have an important effect on the manner in which context influences 

memory retrieval. In the next section, research with human adults, infants and animals is 

used to identify five important influences on contextual memory, and the implications 

these factors have for exploring developmental changes in contextual memory. 

1.9.1. Retention interval 

Research with animals, human adults and infants reveals that the relationship 

between retention interval and the magnitude of a context-shift effect is complex. Some 

studies find an increase in the magnitude of context-shift effects over time (for meta- 

analysis see Smith & Vela, 2001), some find a decrease (e. g., Hartshorn et al., 1998b; 

Rosas & Bouton, 1997; Zhou & Riccio, 1996), and others find non-monotonic changes 

(e. g., Bertsch & Sanders, 2005; Borovsky & Rovee-Collier, 1990; Land & Riccio, 1998). 

For example, Land and Riccio (1998) found that rats trained in a passive-avoidance task 

show a context-shift effect (where the contexts were rooms that differed in lighting, 

odour, size and noise) after delays of 1- and 21-days, but not after 7- or 14-days. In a 

similar paradigm, rats given a saline injection after training in a passive-avoidance task 

showed a context-shift effect after 1- or 1,4-days, but not after 7-days (Land & Riccio, 

1999). Conversely, Bertsch and Sanders (2005) found that verbal memory in adult 

humans was more influenced by a background change when memory was tested after 2- 

days than when it was tested after 1- or 7-days. Clearly, it is important to consider the 

interval over which retention is assessed when exploring contextual memory in infancy. 

Deciding on an appropriate retention interval is particularly important when 

examining age-related changes in contextual influences on memory retrieval. As 

reviewed in Section 1.3, there are large developmental changes in the duration of memory 
in particular tasks, indicating that there are age-related changes in rates of forgetting. 
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Thus, the same absolute delay may fall at different points in the forgetting function of 

infants of different ages. Testing infants of different ages over the same absolute delay 

may lead to differences in contextual influences on memory retrieval that are an artefact 

of testing at different points in the forgetting function. This difficulty also applies to 

comparing results across paradigms that have different forgetting functions. One way to 

alleviate this problem is to test memory over short delays. Most retention-interval related 

changes in the magnitude of context-shift effects appear to occur on a scale of days, 

rather than minutes (e. g., Bertsch & Sanders, 2005; Borovksy & Rovee-Collier, 1990; 

Land & Riccio, 1998). Thus, age-related differences in rate of forgetting should not 
impact too heavily on the magnitude of a context-shift effect when memory is tested over 

a few minutes' delay. 

A further disadvantage of exploring memory over long retention intervals when 

studying developmental change is the different ages at which infants learn and are tested 

in such procedures. Research with both infant rats (Yap & Richardson, 2005) and infant 

humans (Hartshorn & Rovee-Collier, 2003) has revealed that infants may respond 

according to their age at testing, rather than their age at learning. For this reason, when 
infants are tested over very long retention intervals, it is difficult to establish whether the 

magnitude of the context-shift effects obtained reflects the age the infant learned the 

information, or the age at which it was retrieved. Measuring context-shift effects over 

short delays may thus provide a more appropriate comparison for the examination of age- 

related changes in memory. 

1.9.2. Type of task 

Some paradigms are more sensitive to a context-shift than others (reviewed by 

Bouton, 1993; Smith & Vela, 2001). An important observation is that recall memory is 

typically more context-sensitive than recognition memory. Indeed, some studies have 

found no effect of a context-shift on a recognition memory measure (e. g. Fernandez & 

Alonso, 2001; Fernandez & Glenberg, 1985; Godden & Baddeley, 1975,1980; Smith, 

Glenberg & Bjork, 1978). However, several studies have demonstrated an effect of a 

context-shift on recognition memory (e. g., Dalton, 1993; Richmond, Sowerby, Colombo, 

& Hayne, 2004; Russo, Ward, Geurts & Scheres, 1999). In a recent meta-analysis, Smith 
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and Vela (2001) found no significant difference between the effect sizes of studies using 

free recall, cued recall and recognition measures. This indicates that when many studies 

are combined, context changes have a reliable effect on recognition memory that may not 

differ from the effect of a context change on recall memory. Although this resolves some 

debate, it cannot account for the fact that the same contextual manipulation may influence 

performance on a recall but not a recognition memory measure (e. g., Godden & 

Baddeley, 1975; 1980; Smith et al., 1978). 

The observation that some studies find context-shift effects on recognition 

memory measures, and others do not, has led to several theoretical models of the 

conditions under which recognition memory is sensitive to a context-shift effect. The 

major theories can be roughly split into unitary and dual-process models. Unitary- 

process models assume that at recognition, all the attributes in memory that match 

features in the environment are activated, and recognition decisions are based on the 

global sum of this activation (reviewed by Clark & Gronlund, 1996). There are three 

versions of unitary-process model that account for the mixed evidence of context-shift 

effects in recognition memory. First, the `overshadowing/outshining hypothesis' (Smith, 

1988) proposes that, given sufficient effort, the context can be suppressed during either 

the learning (overshadowing) or test (outshining) sessions. This prevents the formation of 

item-context links that are proposed to underlie context-shift effects. Second, the `cue- 

overload' hypothesis states that a context that is associated with more target items will 

provide a weaker cue to each item individually (and hence produce smaller context-shift 

effects) than will a context that is uniquely associated with a cue (Earhard, 1967; 

Rutherford, 2004; Watkins, 1979; Watkins & Watkins, 1975). Finally, the Item, 

associated Context and Ensemble model (ICE; Murnane & Phelps, 1993,1994,1995; 

Murnane et al., 1999) also proposes that context sensitivity varies with the degree to 

which an item is linked to its context. However, in this case the link between cue and 

context is represented by the encoding of a third type of information, `ensemble' 

information. The absence of this `ensemble' information at test reduces the level of 

global activation and makes recognition more difficult. Thus, context-shift effects are 

smaller when `ensemble' information is not created. 
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The above three theories all assume that recognition memory is a unitary process. 

However, there is mounting evidence to suggest that recognition can be better described 

by a dual-process theory (reviewed by Yonelinas, 2002). In dual-process models, 

recognition consists of two processes. First, one may have a feeling of `familiarity' for a 

stimulus, `knowing' that it has been encountered before. This indicates that the stimulus 

has been previously encountered, but does not necessarily include details of where, when 

or in what context. The second process is termed recollection, and involves 

`remembering' a range of details about the previous occasion upon which the stimulus 

was encountered (Gardiner, 1988; Jacoby, 1991; Mandler 1980; Tulving, 1985). 

Recollection is thought to be hippocampally-dependent, whereas familiarity can be 

accomplished by extra-hippocampal mechanisms (reviewed by Aggleton & Brown, 

1999). Dual-process models have close links to the two major theories of contextual 

memory, Conjunctive Representations Theory and Relational Memory Theory, making 

them a particularly attractive framework for studying contextual influences on memory 

retrieval (e. g., Norman & O'Reilly, 2003; Ranganath et al., 2003). Indeed, several 

behavioural and neural studies have found that context-shifts have different influences on 

recollection and familiarity, although the type of context changed is a crucial variable 

(e. g., Ecker et al.,, 2007b; Macken, 2002; Perfect, Mayes, Downes & van Eijk, 1996; 

though see McKenzie & Tiberghien, 2004; see Chapter 6 for extended discussion). 

Although the models differ on many parameters, all propose that context-shift 

effects only occur when items are associated with their contexts in memory. Item-context 

associations may not be required for memory retrieval in a recognition memory task, 

because the target items are present during the test session, and so context-shift effects 

may be less apparent. In contrast to recognition memory, to succeed on a recall task the 

target items must be retrieved through links to aspects of the test context (including the 

instruction to retrieve given by the experimenter), accounting for the typically greater 

sensitivity of recall memory to a context-shift (e. g., Godden & Baddeley, 1975,1980). 

Utilising both recall and recognition tasks when measuring contextual influences on 

memory in infancy is thus necessary to provide a broad picture of the role contextual 
information plays in memory retrieval. 
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1.9.3. Type of context and stimulus 

The magnitude of a context change influences the magnitude of a context-shift 

effect. For example, Learmonth et al. (2004) found that 6-month-old infants showed 

impaired memory retrieval in a deferred imitation task when both the mat upon which 

they were seated, and the room in which they were tested, were different at encoding and 

retrieval. Changes to either the mat or the room alone had no effect on memory. The 

magnitude of a contextual change may partly be important because larger contextual 

changes produce larger changes in mood, which may be an important mediator of 

context-shift effects (e. g., Eich, 1995; Isarida & Isarida, 2004). A related idea is the 

theory that large contextual changes (such as moving from the lab to the participant's 

home) alter `situational context', a shift in mindset that may be necessary for the 

production of significant context-change effects (Canas & Nelson, 1986). 

The range of attributes included in the definition of `context' is also influential. 

For example, Rovee-Collier, Schecter, Shyi and Shields (1992) explored the role of 

different contextual attributes in memory retrieval by manipulating the components of the 

crib liner that were altered between the training and test sessions for 6-month-old infants. 

Over a 24-hour delay, infants showed no evidence of memory retrieval when the shapes 

of the patterns on the liner were changed. However, a change in the colour of the patterns 

did not influence memory retrieval. Different types of contextual information also have 

different effects on memory retrieval in deferred imitation tasks. For example, in the 

puppet task, changes in intrinsic contextual information (the colour and form of the 

puppet) have a greater influence on memory for 12-month-old infants than changes in 

extrinsic contextual information (such as the room of testing; Hayne et al., 2000). 

Different modalities of extrinsic contextual information may also have different 

effects on memory retrieval. For example, for 3-month-old infants, changing a salient 

odour context between learning and retrieval has a greater influence on memory retrieval 

over a 24-hour delay than changing aspects of the auditory or visual context (Rubin, 

Fagen & Carroll, 1998; Schroers, Prigot & Fagan, 2007). Considering the elements 
included in the definition of `context' is clearly important when interpreting 

developmental changes in the magnitude of context-shift effects. 
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In a recent meta-analysis of context-shift effects in human adults, Smith and Vela 

(2001) found that studies that included the experimenter amongst the contextual attributes 

that were changed between encoding and retrieval produced much larger context-shift 

effects than studies in which the same experimenter ran the demonstration and test 

sessions. Thus, social information may be particularly important in memory retrieval. 

However, no studies with adults have explored the influence of changing the 

experimenter alone, and the only studies to do so with infants have found mixed effects 
(e. g., Hanna & Meltzoff, 1993; Learmonth et al., 2004; see Chapter 4 for discussion). The 

role of the experimenter in memory retrieval is an important area for further research. 

Extrinsic context can also be divided into global and local features (Dalton, 1993), 

which have different effects on memory retrieval in adulthood. For example, Dalton 

(1993) found that changes to local stimuli (the name paired with a face) influence 

memory for familiar faces, whereas changes to global stimuli (the room in which testing 

took place) do not. Russo et al. (1999) replicated this result in a study with verbal 

stimuli. This finding is relevant to the interpretation of the results of Hartshorn et al. 
(1998b), in which local extrinsic context was changed for young infants, and global 

extrinsic context was changed for older infants (see section 1.8.2 for discussion). 

However, differences between global and local context may only be apparent when 

assessing memory retrieval for particular types of stimuli. Although Dalton (1993) and 
Russo et al. (1999) found that memory for familiar stimuli was influenced by changes in 

local but not global context, memory for unfamiliar stimuli was influenced by both 

changes. The authors argue that unfamiliar stimuli have been encountered in fewer 

environments, and so become more closely linked to the test environment (though see 
Reder et al., 2006). Interestingly, Dalton (1993) obtained differences between familiar 

and unfamiliar stimuli on the basis of pre-exposure within the experiment. Considering 

the infant's history of experience with a stimulus may thus be an important variable to 

consider when assessing the magnitude of context-shift effects in infancy, in addition to 

considering the attributes included in the definition of `context'. 
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1.9.4. The strength of memory for the target items 

The `outshining' hypothesis proposes that increasing the strength of the 

representation of a target item reduces the dependency of memory on contextual cues 

(Smith, 1988). This proposal has important implications for interpreting contextual 
influences on memory in infancy. Older infants tend to remember information for longer 

than younger infants (e. g., Barr & Hayne, 2000; Hartshorn et al., 1998a), which may 

indicate that they possess a stronger representation of the target stimulus. If this leads to 

a concomitant decrease in the importance of contextual information in memory retrieval, 

this could partially account for age-related decreases in the influence of a contextual 

change on memory retrieval in infancy. Evaluating the conditions under which the 

outshining hypothesis provides an accurate description of context-shift effects is clearly 

important. 

Several variables that reduce spontaneous forgetting also reduce the influence of a 

change in global extrinsic context on memory in rats. Millin and Riccio (2004) used a 

shock-avoidance paradigm to explore the effect of training and testing in two rooms 

differing in ambient lighting, noise, odour, and visual stimuli presented on the walls. 

Presenting rats with a pre-test `reminder' with the reinforcer present during learning (a 

shock), increasing the number of training trials, or pre-test amphetamine administration 

(thought to improve memory) all reduced the magnitude of a context-shift effect over a 

24-hour delay. Because all these manipulations also reduced spontaneous forgetting of 

the target information (the avoidance response), it is plausible that they strengthened 

memory for the target information, thus reducing mnemonic dependence on contextual 

congruency. 

Research with adult humans also provides some evidence that increasing the 

strength of memory for target items reduces learning about contextual information, 

although it appears that effects are different for different types of context (e. g., Jurica & 

Shimamura, 1999; Mulligan, 2004). Memory for intrinsic contextual information (such 

as the colour of a word) may be reduced when item strength increases (Mulligan, 2004; 

Mulligan, Lozito & Rosner, 2006), but memory for local extrinsic contextual information 

(such as the colour of the background upon which the word is presented) is typically 

unaffected (Mulligan et al., 2006). Furthermore, the effect of a change of local extrinsic 
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context on memory for target items is unaffected by increases in item strength (Dougal & 

Rotello, 1999; Murnane & Phelps, 1995). However, the effect of a change of global 

extrinsic context (such as a change of room) on memory is reduced when item strength is 

increased (Smith, 1986). Thus, increasing item strength appears to reduce the influence 

of intrinsic and global extrinsic context on memory, but not local extrinsic context. 

Focussing on a target item does not have an equivalent effect on the processing of 

different types of contextual information. 

Few investigations have directly explored the relationship between item strength 

and contextual influences on memory in human infants, but one study found that 

increasing the amount of training infants receive magnifies the effect of a change of 

intrinsic context (Fagen, Morrongiello, Rovee-Collier & Gekowski, 1984). Fagen et al 

(1984) found that 3-month-old infants responded to a novel mobile 24-hours after 

training if they had received one training session with the original mobile, but not if they 

had received two training sessions. Extra training with the same mobile increased the 

influence of an intrinsic contextual change on memory retrieval, a result that is congruent 

with the observation that infant rats, unlike adult rats, show increased contextual learning 

when given more exposure to the target items (Brasser & Spear, 2004). Thus, 

manipulating item strength may have different effects in infants than in adults. Exploring 

this question further with human infants may shed light on the extent to which age-related 

changes in the strength of target item encoding can explain age-related decreases in 

contextual influences on memory retrieval. 

1.9.5. The relationship between target item and context 

One of the most effective means of reducing context-shift effects in the mobile 

task has been the use of variability training (e. g., Amabile & Rovee-Collier, 1991; Boller 

& Rovee-Collier, 1992; Rovee-Collier & DuFault, 1991), a technique that is also 

effective with adults (e. g., Rothkopf, Fisher & Billington, 1982, Smith, 1982). In this 

procedure, participants are exposed to the target information in more than one context 
during the training session. For example, training 3- and 6-month-old infants in the 

presence of more than one crib liner enhances their responding in the presence of a novel 

crib liner (Amabile & Rovee-Collier, 1991; Rovee-Collier & DuFault, 1991). Similarly, 
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when infants are trained with more than one mobile, they subsequently show evidence of 

memory retrieval with a novel mobile, a manipulation that would have precluded memory 
if infants had been trained with a single mobile (Amabile & Rovee-Collier, 1991; Boller 

& Rovee-Collier, 1992; Fagen et al., 1984; Hayne, Rovee-Collier & Perris, 1987; Rovee- 

Collier, Borza, Adler & Boller, 1993). Indeed, mere exposure to the moving mobile in 

the presence of crib liner B after two training sessions with crib liner A enables infants to 

respond to the mobile in the presence of crib liner C 24-hours later (Boller & Rovee- 

Collier, 1992), and mere exposure to a second moving mobile is similarly effective at 

promoting generalisation to a novel mobile (Rovee-Collier et al., 1993; Rovee-Collier, 

Adler & Borza, 1994). This confirms that variability training is not effective because 

infants only receive one training session with each specific mobile (Fagen et al., 1984). 

Variability training thus reduces infants' reliance on contextual congruency at encoding 

and retrieval, although the success of this procedure in other infant memory paradigms, or 

with older infants, is unknown. 

Variability training represents a manipulation of the relationship between the 

target response (leg kicking) and intrinsic or extrinsic contextual information (such as 
details of the training mobile, or the distinctive crib liner). When infants are trained with 

more than one mobile, the leg kicking response is paired with mobiles with different 

perceptual characteristics, reducing the predictive relationship between those 

characteristics of the mobile, and the target response. Item-context links may thus be 

disrupted by variability training, reducing the magnitude of contextual influences on 

memory retrieval. Variations in the degree to which a contextual attribute is predictive of 

target information may thus influence the magnitude of context-shift effects. 

Directly encouraging adult participants to link items and their contexts can also 
increase the magnitude of context-shift effects (e. g., Baddeley, 1982; Eich, 1985; Mori & 

Graf, 1996; Schacter & Graf, 1986). For example, Mori and Graf (1996) found that when 

a picture was used as a contextual cue in a verbal learning study, larger context-shift 

effects were seen when participants were asked to generate a sentence linking the target 

word to the picture than when they were just asked to think about each word and picture. 
In contrast, increasing the strength of links between the stimuli used during the learning 

session (increased associative processing) may reduce the magnitude of context-shift 
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effects (Smith and Vela, 2001). Associative processing may promote inter-item links in 

favour of item-context links. Interestingly, studies exploring individual differences have 

found that variations in the tendency to focus on the relationship between an object and 

its background may predict variations in context-shift effects (Chua, Boldan & Nisbett, 

2005; Masuda & Nisbett, 2001; Masuda & Nisbett, 2006; reviewed by Nisbett, 2003; 

Smith, 1985). The magnitude of context-shift effects in infancy may thus be partly 

determined by the degree to which the relationship between objects and their 

backgrounds is processed and remembered. 

1.9.6. Implications for the study of contextual memory in it fancy 

There are important developments in retrieving memory out-of-context around the 

second half of the first year of life (Hartshorn et al., 1998b; Hayne et al., 2000). Broadly, 

12-month-old infants are more able to express their memories across a change in the 

experimental context than 6-month-old infants. However, little is known about the nature 

and extent of this change, partly because context has typically been defined in different 

ways in different paradigms, and memory has been tested over different relative retention 
intervals. Furthermore, infants have typically been tested at home, a highly familiar 

environment that cannot be controlled within and between studies. This makes it difficult 

to build up a coherent picture of the development of contextual memory in infancy. 

Research with human infants, adult and animals indicates the variables that might 

be important to control or manipulate when studying contextual memory in infancy. 

When comparing the performance of infants of different ages, the use of short retention 

intervals is most appropriate for understanding age-related changes in contextual 
influences on memory retrieval. Contextual influences on memory vary with the type of 

memory task used, and the attributes included in the definition of `context'. This means 

that it is important to explore the influence of different types of context on memory with 

a variety of measures. Exploring the factors that alter the magnitude of a context-shift 

effect, and the memory processes that are affected by a context-shift, will provide a 
detailed understanding of contextual influences on memory retrieval in different age 

groups. 
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1.10. Aims of the thesis 

Developing a detailed understanding of contextual influences on memory retrieval 

in the infancy period is crucial for three reasons. First, it helps us to understand the range 

of situations in which infants can remember their previous experiences and use them to 

guide behaviour. Second, it helps us to map between behaviour and brain development 

with more precision. Third, it constrains and guides hypotheses about the underlying 

mechanisms of developmental changes in contextual memory. To these ends, the aim of 

this thesis was to build a more coherent picture of the developing role of context in 

memory retrieval in the second half of the first year of life. 

A series of studies examined different aspects of contextual influences on memory 

retrieval in infancy. All were conducted over short retention intervals, to minimise 

potential confounds caused by age-related differences in rates of forgetting, and all were 

conducted in the laboratory, such that infants' experience with contextual information 

could be controlled. Two different paradigms were employed, because memory retrieval 

may be affected by contextual information to different extents when memory is measured 
in different ways. 

More specifically, three questions were posed: 

1.10.1. What is the influence of a change ofphysical and social context on infant memory 

retrieval? (Chapters 3 and 4) 

Several forms of contextual information are particularly important to explore in 

infancy: the global extrinsic context of testing (such as the room in which testing occurs), 

the people present during testing (such as the experimenter), and salient local contextual 

cues (such as the background of a stimulus). These contextual features are important to 

explore for two reasons. First, infants might need to retrieve memory with a different 

person, in a different room, or when a toy is placed on a different background. Exploring 

the constraints social, global and local context exerts on memory retrieval reveals the 

extent to which they may be successful. Second, research with adults and animals reveals 
important distinctions between global and local context (e. g., Dalton, 1993), and between 
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social and physical context (e. g., Smith & Vela, 2001), indicating that the effects of these 

types of context on memory in infancy should be studied separately. Experiments 1 and 

2 explored developmental changes in the influence of a change of room on recognition 

memory, a question that has not been previously addressed with infants aged 6-months 

and older. Experiments 3 and 4 explored developmental changes in the influence of a 

change of distinctive background on recall memory, and developmental changes in the 

influence of a change of experimenter on recall and recognition memory, questions that 

have not been directly addressed in previous work. 

1.10.2. What factors influence the effect of a change in intrinsic context on infant nieinoyy 

retrieval? (Chapter 5) 

By 12-months, changes in social and physical extrinsic context have little effect 

on memory retrieval (Klein & Meltzoff, 1999). However, intrinsic contextual details, 

such as the form of a central stimulus, continue to exert strong control over memory 

retrieval (Hayne et al., 2000). Any manipulations that promote generalisation across an 

intrinsic contextual change are therefore likely to exert a strong influence on memory 

retrieval. However, little is known about the factors that facilitate generalisation in 12- 

month-old infants. Identifying such manipulations might illuminate the processes 

governing contextual influences on memory retrieval in this age group. Experiments 5 

and 6 thus explored the effect of a number of variables on generalisation across a form 

change in 12-month-old infants. 

1.10.3. What processes underlie contextual influences on memory retrieval? (Chapter 6) 

To determine the causes of developmental change in contextual influences on 

memory retrieval, it is necessary to understand the processes underlying context-shift 

effects. However, different memory processes have not been well specified in infants. 

Studies with adults can be used to provide insight into future areas of exploration with 
infant populations. Experiments 7,8 and 9 explored the influence of a context-shift on 
two memory processes in adulthood: recollection and familiarity. Recollection and 
familiarity were chosen for their links to the two major theories of contextual memory 
(RMT and CRT), the degree of empirical support for the dissociation, and their links to 
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cued recall and recognition memory tasks. In order to increase the relevance of the 

results to infant research, recollection and familiarity were assessed through their neural 

correlates using an electroencephalogram (EEG), because this method would be suitable 
for a comparable study with infants in the future. The context-shifts used represent those 

used earlier in Experiments 1 to 4 with infant populations (a change of room, and a 

change of background colour), which have not been previously studied in with EEG in 

adults, enabling the results to be used to inform hypotheses about the mechanisms 

underlying developmental change in infancy. 

The next Chapter introduces the two paradigms that will be used to explore these 

questions with infants. 
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Chapter 2: Measuring memory in infancy 

2.1. Introduction 

The visual paired comparison paradigm (VPC) and the deferred imitation 

paradigm are particularly suitable for exploring contextual influences on memory 

retrieval in the infancy period. Both paradigms have a long history in the study of 

memory in infancy, providing a rich framework within which the results of the present 

studies can be interpreted. Both paradigms are suitable for 6- to 18-month-old infants, 

allowing the performance of different age groups to be directly compared under the same 

conditions. This is a particularly important age group to study, because there may be 

important changes in contextual memory have previously been observed across this age 

range (e. g., Hayne et al., 2000; Robinson & Pascalis, 2004). Finally, the two paradigms 

assess memory in different ways, and so provide complementary evidence concerning the 

role of contextual information in memory retrieval in infancy. In the next sections, the 

VPC and deferred imitation paradigms are presented and discussed. Evidence is 

presented that both paradigms can be used to study contextual influences on memory 

retrieval. Finally, the limitations of each paradigm, and the motivation for using both 

paradigms in the following research, are explained. 

2.2. The Visual Paired Comparison Paradigm 

2.2.1. The paradigm and its histomy 

The VPC was originally developed in response to two observations: that chimps 

distribute their attention unevenly between paired stimuli (Fantz, 1956), and that infants 

have a preference for novelty (Fantz, 1964). In the latter study, Fantz exposed 2-month- 

old infants to pairs of photographs for 1 minute, one of which was repeated in every 

presentation. On each successive presentation, the repeated photograph was paired with a 

novel photograph. Over time, infants increased their looking to the novel photograph in 

each pair. Taking these observations as his starting point, Fagan (1970) developed the 

VPC. There are many procedural variations of the VPC, but all share a basic common 

structure. The participant is first familiarised with a stimulus. During the subsequent test 
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session, the participants are presented with the familiarisation stimulus and a novel 

stimulus, and the amount of time they spent looking at each stimulus is recorded. 
Inserting a delay between the familiarisation and test sessions allows researchers to use 

the VPC to measure memory. Assuming that in the absence of familiarisation the two 

stimuli are equally attractive, differential looking to the two stimuli is attributed to 

memory for the familiar stimulus. 
Looking behaviour in the VPC was originally interpreted with reference to 

Solokov's (1963) neural model of the habituation of the orienting response. In this 

model, when a stimulus is novel, organisms quickly orient to it. Over time, the organism 

begins to form an internal representation of the stimulus. As the representation becomes 

more complete through continued attention, the stimulus becomes more familiar and the 

organism is less likely to orient to it until finally the organism no longer attends to the 

stimulus. According to Solokov's model, during the familiarisation phase of the VPC the 

participant initially builds an internal representation of the familiarisation stimulus. 

During the test phase, attention to the familiar stimulus is inhibited if the participant has 

retained this internal representation, leading to an increase in attention to the novel 

stimulus relative to the familiar stimulus (a novelty preference). By this logic, a novelty 

preference during the test session indicates memory for the familiarisation stimulus, and 

equal looking to both stimuli results when the familiar stimulus is forgotten. Since 

Fagan's original studies, many researchers have found novelty preferences in infant 

populations (e. g., Cohen, 1970; Diamond, 1995; Olson & Sherman, 1983; Pancratz & 

Cornell, 1974; Pascalis, de Haan, Nelson & de Schonen, 1998; Slater et al., 1983). 

Indeed, from a few days of age infants show novelty preferences immediately or after a 

short delay (Pascalis et al., 1998; Slater et al., 1983). 

2.2.2. What does the VPC measure? 

One way to explore what the VPC can reveal about memory in infancy is to 

attempt to identify the `type' of memory the VPC measures. Some memory classification 

systems were briefly reviewed in Chapter 1, including the distinction between declarative 

and non-declarative memory (reviewed by Squire, 2004). In Solokov's model, 

preferences are driven by habituation, a non-declarative form of memory. Other 
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researchers have argued that the VPC taps other forms of non-declarative memory, such 

as operant conditioning (Malcuit et al., 1988; Snyder, Blank & Marsolek, in press; 

though see Kuhn, 1989). In contrast, many other researchers have argued that novelty 

preferences are more likely to result from declarative memory for the familiar stimulus, 

making the VPC an analogue of an explicit recognition memory task (e. g., Hayne, 2004; 

Hunkin, Holdstock, Isaac & Mayes, 2004; Manns, Stark & Squire, 2000; McKee & 

Squire, 1993; Pascalis, Hunkin, Holdstock, Isaac, & Mayes, 2004). 

One reason it may be difficult to conclude that the VPC (or indeed any test) taps a 

particular `type' of memory is that performance on a particular task is seldom likely to be 

`process-pure' (Jacoby, 1991). In other words, performance on most tasks can be driven 

by a number of different memory processes. In the case of the VPC, all these memory 

processes serve the same function; that is, to identify a perceptually present stimulus as 

being familiar (or unfamiliar). An alternative function of memory is to retrieve a piece of 

information that is not perceptually present, such as a previously observed action. These 

two functions of memory are associated with the terms `recognition' and `recall' 

respectively. When the target information is present, the participant has to `recognise' 

the test stimulus. When the target information is absent, the participant has to `recall' the 

test stimulus. In the VPC, the target information is present, and so the VPC falls within 

the class of tasks requiring `recognition memory' (e. g Clark, Zola & Squire, 2000; 

Pascalis et al., 2004; Robinson & Pascalis, 2004)5. 

2.2.3. Brain structures involved in VPC pei forniance 

The VPC paradigm is a versatile task that is suitable for use with both adult 

human (Manns et al., 2000; McKee & Squire, 1993; Pascalis et al., 2004; Richmond et 

al., 2004) and animal populations (Bachevalier, Brickson & Hagger, 1993; Buffalo et al., 

1999); Pascalis & Bachevalier, 1999; Zola et al., 2000), as well as for infants. Studies 

with adults and animals have enabled the exploration of the neural basis of VPC 

performance, which indicates what the VPC has the potential to reveal about brain 

function in infancy. 

5 This use of the terms recognition and recall does not imply that the processes involved conscious 
awareness of retrieval. 
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In non-human primates, VPC performance depends on the integrity of the medial 

temporal lobe region (Bachevalier et al., 1993; Buffalo et al., 1999; Pascalis & 

Bachevalier, 1999; Zola et al., 2000). For example, Bachevalier et al. (1993) found 

deficits in VPC performance in infant and adult monkeys with damage to the 

hippocampal formation, amygdala and surrounding tissue. Subsequent studies with more 

localised lesions also found deficits in VPC performance. Lesions of the hippocampal 

formation (Pascalis & Bachevalier, 1999; Zola et al., 2000), the perirhinal cortex (Buffalo 

et al., 1999), area TE of the inferior temporal cortex (Buffalo et al., 1999), or area TH/TF 

of the parahippocampal gyrus (Nemanic, Alvarado & Bachevalier, 2004) all affect VPC 

performance over short delays. For example, Pascalis and Bachevalier (1999) used a 

VPC task with adult monkeys who had received aspiration lesions of the hippocampal 

formation at birth. Whereas control animals showed novelty preferences in the VPC after 

delays of up to 24 hours, lesioned animals only showed novelty preferences when tested 

after a 10-second delay. Nemanic et al. (2004) systematically compared the effects of 
ibotenic lesions of the hippocampal formation, aspiration lesions of the perirhinal cortex, 

and aspiration lesions of the parahippocampal cortex on VPC performance in adult 

monkeys. Hippocampal lesions impaired performance over a 60-second delay, perirhinal 

lesions impaired performance over a 10-second delay, and parahippocampal lesions 

impaired performance over a 30-second delay. Areas of the medial temporal lobe are 

crucial in VPC performance in both infant and adult monkeys, but in a delay-dependent 

manner. 
Two studies have used the VPC paradigm with patients with temporal lobe 

amnesia to investigate the brain structures that underlie VPC performance in human 

adults (McKee & Squire, 1993; Pascalis et al., 2004). McKee- and Squire (1993) found 

that patients with damage to either the medial temporal lobe or the diencephalon show no 

evidence of recognition memory in the VPC over a retention interval of 1 hour, and 

showed a significant impairment compared to controls after a delay of just 2 minutes. 
Indeed, YR, a patient with bilateral hippocampal ablations, showed impaired VPC 

performance when tested immediately after the familiarisation period (Pascalis et al., 
2004). Thus, structures in the medial temporal lobe are also important for VPC 

performance in human adults, even when memory is tested over very short delays. 
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Performance on the VPC may be related to performance on explicit measures of 

recognition memory in adulthood. Explicit recognition memory tests require participants 

to consciously identify a familiar stimulus. For example, in a forced-choice recognition 

memory test participants may be given a familiar and a novel stimulus, and be asked to 

point to the one they saw during the learning session. In McKee and Squire's study, 

participants completed a forced-choice recognition memory test for the stimuli previously 

used in the VPC (McKee & Squire, 1993). Performance in the VPC was a small but 

significant predictor of performance in the forced-choice recognition memory task, a 

finding replicated with normal adults by Manns et al. (2000). However, though amnesic 

patients did not show a significant preference in the VPC after a retention interval of 

1 hour, they showed above-chance performance on the forced-choice recognition memory 

task. Furthermore, YR performs at normal levels on an object recognition memory test 

over a 10-second delay, despite her marked impairment in performance on the VPC when 

tested immediately (Pascalis et al., 2004). Thus, the VPC is not equivalent to an explicit 

forced-choice recognition memory measure, although performance on the two tasks may 

be related. 

Medial temporal lobe structures clearly play an important role in recognition 

memory in the VPC, at least in adult human, and adult and infant non-human primate 

populations. This provides a tentative indication of the brain areas that might underlie 

performance on the VPC in human infancy, although this remains an empirical question. 

Nonetheless, there is some evidence that using the VPC to study infant memory may 

provide indirect evidence concerning the functioning of the medial temporal lobe region 

in infancy. 

2.2.4. Longitudinal correlates of VPCpeiformance 

An alternative method of investigating what the VPC reveals about infant memory 
is to examine the longitudinal behavioural correlates of infant VPC performance. This 

indicates whether the VPC reflects a form of memory that is stable across long periods of 
development, and reveals which traditional memory tasks are most closely related to the 

VPC. In an initial exploration, Colombo, Mitchell, Dodd, Coldren & Horowitz, (1989) 

tested 16-month-old infants who had previously been tested with a VPC procedure at the 
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age of 7-months on measures of spatial memory, exploratory behaviour and attention. In 

the spatial memory task, infants saw an experimenter hide an object under one of three 

cups. After a 15-second delay, the infant was allowed to retrieve the object. Only 

performance on this spatial memory procedure correlated with performance in the VPC at 

7-months of age. The authors attribute this correlation to the fact that both procedures 

measure memory, and that "individual memory ability may ... contribute to the 

developmental continuity of early stimulus processing [VPC] tasks from infancy" 

(Colombo et al., 1989, p 20). 

Spatial memory is particularly reliant on the hippocampus (O'Keefe & Nadel, 

1978). Indeed, place learning and object search tasks like that used by Columbo et al., 

(1989) have been used with 18- to 24-month-old infants as an index of hippocampal 

functioning (Sluzenski, Newcombe & Satlow, 2004). Thus, the fact that performance in 

the VPC correlates with later spatial memory may reflect the fact that both require the 

hippocampus. 

Other researchers have also found correlations between VPC performance in 

infancy, and measures of explicit memory in childhood (Rose, Feldman & Wallace, 1992; 

Thompson, Fagan & Fulker, 1991; though see Fagan, 1984). For example, Thompson et 

al. (1991) found that novelty preferences in the VPC task at 5- and 7- months of age 

correlated with scores on a picture recognition task at 3 years of age, even when IQ was 

accounted for (r = 0.21). Rose et al. (1992) found that novelty scores on a VPC battery at 

12-months of age (but not 7-months) were correlated with a measure of picture recall at 

6-years (r = 0.24), again after IQ was statistically controlled. In a follow-up study with 

the same children, novelty scores at 7-months of age (but not 12-months) correlated with 

a combined measure of recall and recognition at 11 years of age (Rose & Feldman, 1995). 

The correlations across these studies are remarkably consistent, despite variation in the 

ages at which children were tested, and the measures they were tested on. The memory 

processes tapped in the VPC in infancy may thus be related to those used to solve explicit 

recall and recognition tasks in later childhood, providing further evidence that the VPC 

provides a valid measure of infant memory. 
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2.2.5. Factors affecting pei fornnance in the VPC 

Performance in the VPC is influenced by a number of variables, indicating that it 

provides a sensitive measure of memory. For example, increases in familiarisation time 

lead to greater novelty preferences (Fagan, 1974), although older infants require less 

familiarisation time to show significant novelty preferences than do younger infants 

(Morgan & Hayne, 2006; Richards, 1997; Rose, 1983). The amount of attention infants 

pay to the stimulus during familiarisation is also an important factor in determining their 

performance in the test (Richards, 1997). As is the case for most memory measures, 

performance in the VPC is affected by the interval between learning and retrieval. For 

example, the preferences infants show during the test session may change over time, with 

some studies showing novelty preferences over short retention intervals, and familiarity 

preferences (significantly longer looking at the familiar stimulus) over longer retention 

intervals, such as weeks or months (Bahrick & Pickens, 1995; Bahrick et al., 1997; 

Courage & Howe, 1998,2001; Jacobs, 2000). Finally, memory in the VPC is affected by 

the order in which stimuli are presented, with infants being more likely to show novelty 

preferences when tested with stimuli that were presented first or last in a list (e. g., Cornell 

& Bergstrom, 1983; Rose et al., 2001). Memory retrieval in the VPC may be facilitated 

when representations of the familiarisation stimuli are stronger and easier to access. 

2.2.6. Context-shift effects and the VPC 

The sensitivity of the VPC to procedural variations indicates that the VPC might 

provide useful information about contextual influences on recognition memory in 

infancy. This can be explored by examining the effect of a context-shift on VPC 

performance. One group of infants is familiarised with a stimulus, then presented with 

the paired familiar and novel pictures according to the standard VPC procedure. A 

second group of infants receive the same familiarisation session, but are presented with 

the two test pictures in a different context. Context might be defined as the background 

upon which the pictures are presented, the room in which they are presented, or ambient 

music playing in the background during the testing procedure. The performance of 
infants tested in and out of the learning context is then compared, to assess whether the 

contextual change exerted any influence on recognition memory. 
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Several investigations using this logic show that the VPC is a useful paradigm for 

exploring context-shift effects in infancy (Haaf et al., 1996; Pescara-Kovach, Fulkerson 

& Haaf, 2000; Robinson & Pascalis, 2004). For example, Haaf et al. (1996) explored the 

effect of a change of background pattern on recognition of a foreground object by using a 

VPC task with 6-month-old infants. Infants showed evidence of recognition when the 

objects were presented on the same backgrounds at encoding and retrieval, but no 

evidence of recognition when the background was changed. 6-month-old infants also fail 

to show recognition memory in a VPC procedure when ambient music that was played 

during familiarisation is absent or altered during the test session (Pescara-Kovach et al., 

2000). Taken together, these studies show that both auditory and visual contextual 

features influence recognition memory for 6-month-old infants. 

These investigations confirm that the VPC paradigm is an appropriate technique 

for investigating contextual influences on memory retrieval in infancy. In the 

Introduction, three types of contextual information were identified that require further 

study: social information (such as the experimenter running the learning and test 

sessions), the global environment of learning (such as the room in which learning and 

testing sessions occur), and distinctive local cues (such as the background upon which a 

stimulus is presented). Research with the VPC has already provided valuable information 

about the role of local contextual cues in recognition memory in infancy (e. g., Haaf et al., 

1996; Robinson & Pascalis, 2004), suggesting that it may also provide valuable 

information about social and global contextual cues. 

2.2.7. Limitations of the VPC procedure: Interpreting preferences 
The major limitation of the VPC procedure lies in the interpretation of the patterns 

of preference infants display. Section 2.2.5 mentioned several studies in which infants 

showed preferences for the familiar stimulus in a VPC procedure, and these are not 

isolated results (reviewed by Houston-Price & Nakai, 2004; Pascalis & deHaan, 2001). If 

novelty preferences are taken as the only index of memory retrieval in the VPC, 

familiarity preferences may present a problem (Sophian, 1980). 

The existence of familiarity preferences is certainly problematic for studies that 

use the VPC to explore infant reasoning or conceptual development, because conclusions 
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are typically based on the assumption that infants only show novelty preferences (for 

discussion see Houston-Price & Nakai, 2004; Slater, 2004). However, familiarity 

preferences are less problematic when using the VPC to measure memory for a stimulus. 

Logically, both novelty and familiarity preferences represent discrimination between the 

test stimuli on the basis of their presentation history, and hence in either case it can be 

concluded that the infant is displaying evidence of recognition memory. 

Furthermore, infants show a familiarity preference under a relatively restricted 

and predictable set of conditions (reviewed by Pascalis & de Haan, 2001). First, the 

nature of the stimulus influences the direction of preference. Infants may show a 

preference for familiar stimuli if they are biologically significant, such as a picture of 

their mother's face, though this effect may be age-dependent (Bushnell, Sai & Mullin, 

1989; DeSchonen, Morton, Dereulle & Fabre-Grenet, 1995; Field, Cohen, Garcia, 1984; 

Pascalis et al., 1995). Complex stimuli are also more likely to produce a familiarity 

preference (Hunter, Ross & Ames, 1982). Second, the time provided for familiarisation 

may affect the direction of the preference, with brief familiarisation times sometimes 

resulting in familiarity preferences (e. g., Hunter et al., 1982; Richards, 1997; Rose, 

Gottfried, Melloy-Carminar & Bridger, 1982; Slater, 1995; Wagner & Sakovits, 1986; 

though see Lasky, 1980). For example, Rose et al. (1982) found that 3.5- and 6.5-month- 

old infants showed familiarity preferences for shape stimuli when familiarisation times 

were short (10 and 5 seconds respectively) but novelty preferences when familiarisation 

times were long (30 and 15 seconds respectively). Third, the retention interval between 

familiarisation and test sessions may affect preference direction, with familiarity 

preferences occasionally observed when the test occurs after long delays (e. g., Bahrick, 

Hernandez-Reif & Pickens, 1997; Bahrick & Pickens, 1995; Courage & Howe, 1998, 

2001; Jacobs, 2000). For example, in Courage and Howe (1998), 3-month-old infants 

tested for recognition of a moving shape stimulus showed a novelty preference when 

tested after 1-minute or 1-day, a null preference after 1 week, a familiarity preference 

after 1-month, before a final null preference after 3-months. 

Familiarity preferences may result from short exposure times or long retention 
intervals because a familiarity preference is obtained when there is only a partial match 
between the external stimulus and its corresponding internal representation (Bahrick & 
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Pickens, 1995; Hunter & Ames, 1988). When familiarisation times are brief, the infant 

may only have time to form a rudimentary representation of the familiarisation stimulus. 
If familiarisation times are sufficient for full encoding but retention is tested over a long 

delay, the representation may have become degraded or difficult to access. According to 

this model, both outcomes lead to the infant orienting to the familiar stimulus during the 

test session, in order to update their representation of the stimulus. Presumably, complex 

stimuli take longer to process, resulting in a less complete representation that also 

requires updating. Novelty preferences result when infants can retrieve an internal 

representation that fully matches the external stimulus (Spence, 1996). 

Although this model is attractive and can account for a range of results, there are 

occasions upon which behaviour does not conform to the expected pattern (e. g., Lasky, 

1980). Thus, controversy remains over the most appropriate theoretical explanation of 

the direction of the preference seen in a particular task (reviewed by Pascalis & de Haan, 

2001). However, the theory that preferences emerge from the felicity of the match 
between an internal representation and the external stimulus (Bahrick & Pickens, 1995; 

Hunter & Ames, 1988) is the most complete and persuasive model currently available for 

interpreting preference direction, and so must be considered when examining preferences 
in a VPC procedure. 

Null preferences (where infants show no significant preference for either 

stimulus) remain problematic to interpret, because it cannot be concluded that a null 

preference represents complete forgetting. In the example given earlier, 3-month-old 

infants showed a null preference after 1 week, but a familiarity preference after 1 month 
(Courage & Howe, 1998). In this case, the null preference did not indicate complete 
forgetting. The most parsimonious way of interpreting a null preference is that there is 

no evidence of memory for the familiar stimulus, but that it cannot be concluded that 

complete forgetting has occurred. However, this issue is not unique to the VPC. Indeed, 

in most memory tasks the absence of a response does not indicate complete forgetting, in 

the sense of irretrievable loss from memory. For example, in the mobile task, infants 

might fail to respond to the mobile immediately after a reminder treatment, but may show 

robust evidence of memory for the training contingency 24 hours later (Fagen & Rovee- 
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Collier, 1983). Presumably, the absence of responding to the mobile did not reflect the 

loss of memory for the training session, but its inaccessibility. 

The VPC can provide valuable insight into the effect of a context change on 

recognition memory in infancy. However, there remain some limitations associated with 

this procedure. These can be offset by addressing similar questions with a different 

memory paradigm that uses a different means to assess memory. The deferred imitation 

paradigm provides a means to complement and extend research with the VPC, and this 

paradigm is discussed in the next section. 

2.3. The Deferred Imitation paradigm 

2.3.1. The paradigm and its history 

Deferred imitation refers to the ability to reproduce an observed action from 

memory. For example, an infant may view his sibling pressing a button on a toy to 

produce music. Some time later, the infant may be allowed access to the toy. The infant 

could discover how the toy works for himself, through trial and error. Alternatively, and 

more expediently, the infant could learn to operate the toy by accessing his memory for 

his sibling's action, and reproducing it. This latter behaviour, the copying of previously 

observed actions after a delay, would be termed deferred imitation. Typically, 12- to 18- 

month-old infants learn one to two novel behaviours a day through observing and 

reproducing the actions of others (Barr & Hayne, 2003). Imitation is thus an important 

means by which infants learn new skills and behaviours. 

The value of using deferred imitation to explore cognitive development was first 

highlighted by Piaget (1962). He argued that imitating a behaviour some time after it was 

observed requires the infant to encode and retrieve a mental representation of that 

behaviour, and use it to drive action. Thus, in order to demonstrate deferred imitation, 

infants must be able to remember the actions they saw performed. Using this logic, 

Meltzoff introduced a controlled experimental procedure that allowed researchers to use 
deferred imitation to investigate memory development (Meltzoff, 1985,1988a, b). The 

procedure typically comprises two sessions. In the demonstration session, infants watch 

an experimenter perform one or several target actions with a stimulus. After a delay, 
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infants are given the opportunity to interact with the stimulus, and the number of target 

actions that they reproduce is recorded. Memory is inferred if infants who have seen the 
demonstration session produce significantly more target actions than a control group of 
infants who did not see the target actions demonstrated. 

There are several ways to design an appropriate control group, or `baseline' 

condition (Meltzoff, 1985,1988b). First, infants might not be exposed to the stimulus 
before the test session. However, the stimulus is then less familiar to the baseline group 

than to the experimental groups. Second, infants might be passively exposed to the static 

stimulus before the test session. This equates the familiarity of the stimulus between the 

baseline and demonstration groups, but does not equate the experience of observing an 

adult interacting with the stimulus. Third, in procedures in which the target actions lead 

to a salient outcome, such as a ringing bell, infants might be exposed to the adult holding 

the stimulus, and the sound of the ringing bell, but not to the target actions. This equates 

exposure to a potentially attention-grabbing feature of the demonstration session, and the 

experience of observing an adult interact with the stimulus, and thus provides the most 

conservative estimate of spontaneous performance. 
The deferred imitation paradigm has several distinguishing features that 

differentiate it from similar tasks (for example, elicited imitation, e. g., Bauer, 1996; 

Bauer, Birch & Kleinknecht, 2002; Bauer & Mandler, 1989). First, the stimuli and 

actions chosen are novel to infants, often because they are specifically designed for the 

purpose of the experiment. Infants' experience with the stimuli and target actions can 

then be strictly controlled, so performance of the target actions can be more directly 

linked to experiences during the demonstration session. Typically, actions are chosen 

such that they are seldom (if ever) produced spontaneously by infants in the control 

group, confirming their novelty. Secondly, infants are not given the opportunity to 

interact with the stimuli at any point prior to the test session. The performance of actions 
during the test session then reflects a memory representation that was created through 

observation, rather than memory for a self-performed action. Thirdly, in a deferred 

imitation task the demonstration session is not narrated and the stimuli are not labelled. 

As infants of different ages have different degrees of verbal competence, it is important to 

ensure that apparent age-related improvements in deferred imitation are not actually 
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driven by improvements in verbal understanding. However, even with novel stimuli and 

without practice or narration, infants show impressive memory capabilities. For example, 

6- and 9-month-old infants exhibit imitation of actions demonstrated with objects over a 

24-hour delay (Barr et al., 1996; Collie & Hayne, 1999; Learmonth et al., 2004; Meltzoff, 

1988b), and by the age of 2 years infants can remember for up to 3 months (Herbert & 

Hayne, 2000a). 

The effects of practice and narration may be particularly important to control 

when using deferred imitation to explore contextual' influences on memory. When infants 

are tested with stimuli that are perceptually different but functionally similar to those 

used during the demonstration session, the infant must generalise across the intrinsic 

contextual changes in order to show evidence of memory retrieval. Nine- to 18-month- 

old infants generalise more readily in deferred imitation tests when they were allowed to 

practice the target actions during learning, suggesting that learning through observation 

and learning through physical experience may be controlled by different parameters 

(Herbert & Hayne, 2000b; Learmonth et al., 2004). Six-month-old infants benefit less 

from practice (Learinonth et al., 2004,2005), indicating that there may be age-related 

changes in the effect of physical practice during learning. Similarly, verbal cues 

facilitate generalisation in some deferred imitation tests for 24-month-old infants but not 

18-month-old infants (Herbert & Hayne, 2000b), suggesting that younger infants may 

benefit less from labelling or narration. Thus, the fact that deferred imitation tests are 

typically carried out in the absence of labelling or physical practice removes these factors 

as variables that might drive age-related changes in performance. 

2.3.2. What do deferred imitation tasks measure? 
As with the VPC paradigm, one can attempt to classify deferred imitation tasks as 

measures of a particular `type' of memory. Many authors have argued that deferred 

imitation can be logically linked to declarative memory processes, providing the stimuli 

are novel and participants are not allowed to practice the actions before the test session 
(Jones & Herbert, 2006; Hayne, 2004; Mandler, 1990; Meltzoff, 1990; Piaget, 1962). 

Given these provisions, when an infant imitates after a delay he is demonstrating the 

ability to reproduce the actions of an event that is perceptually absent. This requires a 
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mental representation of that event that persists over the retention interval, a key feature 

of declarative memory. However, the difficulty in designing any task that is `process- 

pure' (Jacoby, 1991) also applies to deferred imitation tasks. Furthermore, it is often 

difficult to determine whether infants are remembering the actual event, or whether they 

simply remember the outcome of the action and reconstruct the action itself during the 

test session (for discussion see Want & Harris, 2002). Any difficulty in determining what 

infants are remembering makes it difficult to determine the `type' of memory they are 

using. 

Alternatively, the deferred imitation task can be classified in terms of the presence 

or absence of target information during the test phase. In deferred imitation tasks, neither 

the outcome of the target actions, nor the actions themselves, are perceptually present 

during the test phase. For example, a simple deferred imitation task may be to remove 

the hat from a toy pig (Knopf, Kraus & Kressley-Mba, 2006). During the test, the infant 

is presented with the pig with his hat placed on his head. In order to succeed, the infant 

must either remember that the hat can be removed, or that they saw the demonstrator 

remove the hat. The target information is perceptually absent during the test session, 

although the test object (in this case, the pig) provides a strong retrieval cue. For this 

reason, deferred imitation is often referred to as a `recall' or `cued recall' task (e. g., 

Bauer, 1996; Courage & Howe, 2004; Prudhomme, 2005). 

2.3.3. Brain structures involved in deferred imitation 
In human adults, imitation has been linked to a circuitry involving the superior 

temporal sulcus, the inferior frontal cortex, and the rostral part of the inferior parietal 
lobule (Decety et al., 2002; lacoboni et al., 1999; Koski et al., 2002,2003; Nishitani & 

Hari, 2000). However, there have only been two studies examining the additional brain 

structures involved when a memory requirement is imposed, as is the case in a typical 

deferred imitation study. McDonough, Mandler, McKee and Squire (1995) tested seven 

adults with amnesia (three with damage to the hippocampal region) and three adults with 
frontal lobe damage on an age-appropriate version of the deferred imitation task. During 

the demonstration session, participants watched an adult model a sequence of actions 

with a set of stimuli. At the test session 24 hours later, participants were either instructed 
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to recall the actions they had been shown, or simply given the stimuli without instruction. 

With or without instruction, both the patients with frontal-lobe damage and a group of 

neurologically normal age-matched adults performed significantly more of the target 

actions than a control group who had never seen the actions modelled. In contrast, the 

patients with amnesia, including those with hippocampal damage, did not produce 

significantly more actions than the control group, exhibiting no evidence of memory for 

the modelled sequence. The authors argue that this provides evidence that memory in the 

deferred imitation task is dependent on the integrity of the hippocampus and its 

connections. 

A second study used the same task to explore deferred imitation in patients with 

developmental amnesia. Patients with developmental amnesia typically have bilateral 

hippocampal pathology incurred early in life as a result of a hypoxic-ischaemic episode, 

along with the possibility of some thalamic damage (Vargha-Khadem et al., 1997). 

Typically, patients have selective problems with remembering specific events (episodic 

memory), with the extent of the impairment being similar whether the damage occurred 
in infancy or in later childhood (Vargha-Khardem et al., 2003). Adlam, Vargha- 

Khardem, Mishkin, & de Haan (2005) found that a group of patients with developmental 

amnesia associated with bilateral hippocampal volume reduction performed more poorly 

than a control group with no neurological damage on the deferred imitation task. 

However, unlike patients with temporal-lobe damage acquired in adulthood, patients with 

developmental amnesia showed some evidence of memory for the target actions. This 

may be due to the lack of damage to the perihippocampal region in the latter group, or it 

may be that plasticity of neural organisation in infancy allows some reorganisation of 

mnemonic function after the early insult (Nelson, 2000). 

Neuropsychological studies provide some information about the brain structures 

necessary for deferred imitation in an adult population. However, it does not 

automatically follow that infants use the same brain structures as adults to succeed in 

deferred imitation tasks. One line of research has begun to tackle this question with a 

clinical population, Infants of Diabetic Mothers (IDMs). When a mother has diabetes 

during pregnancy, the infant is exposed to a variety of neurological risk factors including 

hypoxia, hyperglycemia and iron deficiency (Petry et al., 1992; Widness et al., 1981). In 
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animal models, these risk factors act selectively on certain brain regions, including the 

hippocampus (Barks, Sun, Malinak & Silverstein, 1995; de Ungria et al., 2000). DeBoer, 

Wewerka, Bauer, Georgieff, & Nelson (2005) tested 29 twelve-month-old IDMs for 

deferred imitation of an action sequence with a 10-minute retention interval. The IDMs 

showed a subtle deficit in performance on the deferred imitation task in comparison to a 

group of age-matched control infants. This study thus provides some evidence that 

deferred imitation is sensitive to hippocampal damage in an infant population. However, 

as the presence of damage to the hippocampus was not directly verified by DeBoer and 

colleagues, this conclusion remains tentative. Nonetheless, there is some evidence that 

using deferred imitation tasks with infants may provide an indirect means of examining 

hippocampal functioning in infancy. 

2.3.4 Longitudinal explorations 
Although there are few longitudinal studies in this area, existing results indicate 

that there are stable individual differences in deferred imitation, and that these are related 

to individual differences in other social and cognitive abilities (Heimann & Meltzoff, 

1996; Heimann et al., 2006; Strid, Tjus, Smith, Meltzoff & Heimann, 2006). For 

example, an early study found a relationship between scores on a deferred imitation task 

at 9- and 14-months (Heimann & Meltzoff, 1996). Working with the same age groups, 

Heimann et al. (2006) found a relationship between deferred imitation at 9-months, and 

communication skills, including gestural communication and joint attention, at 14- 

months. In the short-term, deferred imitation is thus associated to other forms of social 

cognition. A follow-up study tested cognitive and linguistic abilities in the same children 

at age 4 years (Strid et al., 2006). Infants who scored poorly on a combined measure of 

deferred imitation and joint attention in infancy also scored poorly on a measure of 

cognitive ability in childhood. There is thus some evidence that individual differences in 

deferred imitation in infancy are related to individual differences in cognitive skills in 

early childhood. However, more research is needed to establish the relationship between 

deferred imitation in infancy, and specific cognitive abilities in childhood. 
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2.3.5. Factors affecting pei forniance on deferred imitation tasks 

Performance on deferred imitation tasks is influenced by a number of variables, 

indicating that deferred imitation provides a sensitive measure of memory in infancy. For 

example, increasing the duration of the demonstration session increases the duration of 

infants' retention, but older infants require less encoding time than younger infants to 

show retention over the same delay (Barr et al., 1996). Performance on deferred 

imitation tasks tends to decline as the interval between learning and test increases, 

although older infants tend to remember for longer than younger infants (Barr et al., 
1996; Klein & Meltzoff, 1999; Herbert & Hayne, 2000a). Finally, infants perform better 

on deferred imitation tasks when the actions they are shown follow each other in a logical 

sequence (such as placing a ball into a cup, then placing the lid onto the cup to form a 

rattle), than when the actions are arbitrarily ordered (Barr & Hayne, 1996; Bauer & 

Mandler, 1989,1992; Bauer & Thal, 1990; Mandler & McDonough, 1995). Memory 

retrieval in deferred imitation tasks is thus facilitated when representations of the 

demonstration session are stronger, more coherent, and easier to access. 

2.3.6. Context-shift effects and the deferred imitation task 

The sensitivity of deferred imitation to procedural variations indicates that this 

procedure might provide useful information about contextual influences on recall 

memory in infancy. As reviewed in Chapter 1, studies with deferred imitation tasks have 

demonstrated that recall memory is influenced by a change from home to the laboratory 

(Hayne et al., 2000), and changes in intrinsic contextual information (perceptual details 

of the object upon which the target actions are performed; e. g., Hayne et al., 1997). 

However, less is known about the roles of other types of context in memory retrieval in a 
deferred imitation paradigm. Since deferred imitation tasks have provided valuable 
information about the role of large changes in global environment on recall, they may 

provide valuable information about the role of local contextual cues, such as the 

background of a stimulus, and social context, such as the experimenter running the test 

session, in memory retrieval in infancy. 
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2.3.7. Limitations of the deferred incitation procedure 
Deferred imitation tasks have two particularly important limitations. First, it may 

be difficult to determine whether infants fail to produce the actions they have learned 

because they have forgotten them, or because they are not motivated to imitate in the test 

setting. For example, Learmonth et al. (2005) argue that infants may fail to imitate in the 

presence of a stranger because of behavioural inhibition, a reluctance to act due to 

uncertainty in a novel situation. The possibility of behavioural inhibition could be 

examined by assessing the latency with which infants first touch the test stimulus after it 

is presented to them. If infants are equally quick to interact with the stimulus in all 

experimental conditions, performance is less likely to have been limited by behavioural 

inhibition in any particular condition. 
Second, as mentioned in Section 2.3.2, performance in a deferred imitation task 

may sometimes be supported by processes other than imitation (e. g., Huang & Charman, 

2005; Huang, Heyes & Charman, 2002; Thompson & Russell, 2004; Tomasello, 1990; 

Tomasello & Call, 1997; Want & Harris, 2002). For example, ̀ stimulus enhancement' 

occurs when a participant's attention is drawn to a certain stimulus as a result of 

observing another's interest in it. Although this can be ruled out by the use of appropriate 

control groups, other possibilities are more difficult to exclude. Participants may, for 

example, succeed in a deferred imitation task by learning the goal or outcome of an 

action, and reproducing it at a later date (Thompson & Russell, 2004). This has been 

termed ̀ goal emulation', and does not involve retrieving memory for the action sequence 
that led to the goal (Tomasello, 1990). This means that it can be difficult to determine the 

precise socio-cognitive processes involved in deferred imitation tasks. When using 
imitation to study memory, this problem is less pressing than when trying to determine 

whether a particular species can or cannot imitate. Goal emulation after a delay requires 
the infant to remember the person's goal, and reproduce it. Thus, however infants solve 

an imitation task, memory is required for the solution to be produced after a delay at a 
higher frequency in the demonstration than the control groups. However, different 

versions of deferred imitation tasks may load on slightly different cognitive processes, 

raising potential difficulties in comparing results across studies using different 

procedures. For this reason, the deferred imitation task used in the present studies 

67 



(explained in detail in Chapter 4) is one used frequently in published investigations (e. g., 

Barr et al., 1996; Hayne et al., 2000; Learmonth et al., 2004,2005). The baseline 

condition chosen matched that used in these studies, and represents the third 

(conservative) option of the possibilities outlined in Section 2.3.1. 

2.4. Why use both tasks? 

Both the VPC and deferred imitation tasks have been widely used to study 

memory in infancy (reviewed by Hayne, 2004; Rose, Feldman & Jankowski, 2004). This 

has provided a wealth of knowledge about the brain structures involved in performance, 

the factors controlling memory retrieval, and the strengths and limitations of each 

procedure. This enables investigations with these procedures to be designed and 

interpreted with reference to a rich empirical and theoretical literature. Both VPC and 

deferred imitation tasks have been found to be sensitive to context-shift effects in an 

infant population (e. g., Haaf et al., 1996; Hayne et al., 2000), underlining their potential 

to provide useful information about contextual influences on memory retrieval. 

Furthermore, it seems that there may be age-related changes in the influence of a context- 

shift on memory retrieval in these tasks between the ages of 6- and 18-months (e. g., 

Hayne et al., 2000; Robinson & Pascalis, 2004), confirming that both paradigms might 

provide important information about developmental changes in memory. 

Despite these similarities, there are important differences between the VPC and 

deferred imitation tasks, indicating the importance of using both to assess contextual 
influences on memory retrieval. On the basis of the information presented during the test 

session, the VPC can be regarded as a visual recognition memory task, and the deferred 

imitation paradigm provides a nonverbal analogue of a cued recall task. Research with 

adults reveals that the presence or absence of target information during the test session 

may have an important influence on the degree to which memory is affected by a context- 

shift (e. g., Godden & Baddeley, 1975,1980), and so it is important to explore contextual 
influences on memory in infancy with both recall and recognition measures. 
Furthermore, recognition and recall represent two important ways through which infants 

might use memory - to identify something that has been seen before, and to remember its 

function. Using both the VPC and deferred imitation tasks to explore the factors 
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controlling memory retrieval in infancy thus allows us to build a broad picture of the 

range of situations in which infants can retrieve their memories, and the factors 

controlling this ability for different age groups. 
The remainder of the thesis presents a series of experiments designed to develop 

understanding of the role of contextual information in memory retrieval in infancy, and 
how it might change across development, through exploring the topics identified at the 

end of Chapter 1. The precise method used to address particular questions is discussed 

and justified for each experiment in turn, but all infant studies use either a deferred 

imitation task, or a VPC task, or both, depending on the approach deemed most 
informative for each question. Through using multiple paradigms, the present studies 

provide converging evidence on the role of contextual information in infant memory 

retrieval. 
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Chapter 3: The effect of a change of global context on recognition 

memory in 6- to 18-month-old infants 

3.1. Introduction 

The aim of the experiments presented in this Chapter was to explore the effect of 

a global context change on memory in infancy. 

3.1.1. Global context in deferred imitation and operant conditioning paradigms 

In operant conditioning procedures, 6-month-old infants show no evidence of 

memory retrieval when the training and testing sessions occur in different rooms in their 

home over a 24-hour delay (Hartshorn et al., 1997). However, 9- and 12-month-old 

infants are unaffected by a room change over this delay, although over much longer 

delays (42-days for 9-month-olds, and 56-days for 12-month-olds) memory is again 

context-specific (Hartshorn et al., 1998b). Such age-related changes in contextual 
influences on memory retrieval are also seen in deferred imitation tasks (e. g., Hayne et 

al., 2000; Learmonth et al., 2004). For example, memory retrieval is precluded for 6- 

month-old infants over a 24-hour delay when learning occurs at home and test in the 

laboratory (Hayne et al., 2000). However, for infants of 9-months and older, memory 

retrieval is typically unaffected by a change of global context in deferred imitation tasks 

(Herbert, Gross & Hayne, 2007; Hanna & Meltzoff, 1993; Hayne et al., 2000), even over 

a delay of up to 4-weeks (Klein & Meltzoff, 1999). 

However, the same change of context does not always have the same effect on 

memory retrieval in operant conditioning and deferred imitation paradigms. For 

example, for 6-month-old infants, when learning and retrieval are separated by 24-hours, 

a move from one room to another in the home has no effect on cued recall in a deferred 

imitation task (Hayne et al., 2000; Learmonth et al., 2004), but precludes retrieval in two 

operant conditioning procedures (Hartshorn et al., 1997). The fact that the same change 

over the same retention interval has different effects on cued recall and operant 

conditioning measures of memory confirms the need to explore contextual influences on 

memory retrieval across the range of ways infants access their memories. Recognition 

memory may be particularly important to explore, because performance on recognition 
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memory tasks is affected differently by a change of context in adulthood than is 

performance on other measures, such as recall (Fernandez & Glenberg, 1985; Godden & 

Baddeley, 1975,1980; Smith et al., 1978). Furthermore, recognition memory can be 

measured in a similar way in adults, infants and animals (e. g., Richmond et al., 2004; 

Pascalis & Bachevalier, 1999), creating the possibility for closer research integration. 

3.1.2. Global context in infant nienioiy: Recognition measures 
Only one study has explored the effect of a change of global context on 

recognition memory in infancy. Bushnell, McCutcheon, Sinclair & Tweedlie (1984) 

gave 5- and 9-week-old infants extensive familiarisation with shapes of different colours 

and forms. One day after the last familiarisation session, infants were presented 

simultaneously with a familiar stimulus and a novel stimulus. The novel stimulus 
differed from the familiar stimulus in its colour, in its form, or in both colour and form. 

The authors reasoned that the test may be `easier' when the novel stimulus differed on 

two dimensions from the familiar stimulus, than when it differed on one. When 

familiarisation and test sessions both occurred in the infants' home, infants showed 

evidence of recognition memory in all three conditions. When familiarisation occurred in 

the infant's home and testing occurred in the laboratory, infants did not show evidence of 

recognition when given stimuli differing on only one dimension. However, when the 

novel and familiar stimuli differed in both form and colour, both 5- and 9-week-old 

infants were able to recognise the familiar stimulus. After an extensive period of 
learning, 5- and 9-week-old infants show a limited ability to recognise a stimulus across a 

change in global context. 

3.1.3 The present study 

Bushnell and colleagues found that recognition memory is influenced by details of 
the global context of learning in very young infants. In the light of evidence from operant 

conditioning paradigms and deferred imitation tasks demonstrating that 6-month-old 

infants are more influenced by a change of global context than 9- to 18-month-old infants 

(Hartshorn et al., 1998b; Hayne et al., 2000), it is important to explore how recognition 

memory in infancy is influenced by changes in global context over this age range. In the 
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present study, a VPC task was used to explore whether a shift of global context 
influences recognition memory for 6- to 18-month-old infants, and whether there are age- 

related changes in the extent of any influence observed. Less extensive familiarisation 

was used than that employed by Bushnell et al. (1984), in line with most other studies 

that have used the VPC to explore context-shift effects (e. g., Haaf et al., 1996; Robinson 

& Pascalis, 2004). Because a shorter familiarisation period is likely to make the task 

harder, the present procedure should make any context-shift effects easier to detect. 

To allow age-related changes to be investigated whilst minimising the potentially 

confounding influence of age-related changes in forgetting (reviewed by Hayne, 2004), 

memory was tested over a short delay. A delay of 1 minute was chosen as it is 

considered sufficient to exceed the duration of working memory (Diamond, 1990). The 

change of global context employed was a change in location from one room in the 

laboratory to another. A change of room in the laboratory allows the appearance and 

familiarity of the testing context to be carefully standardised for different infants and 

different age groups. Furthermore, this manipulation has been used many times with 

adults, with both traditional recognition memory procedures (Dalton, 1993; Smith & 

Vela, 1992; Russo et al., 1999) and an age-appropriate version of the VPC (Richmond et 

al., 2004), enabling the present results to be more comparable with those from similar 

studies with adults. 

The study was divided into two experiments, each with different age groups (6- 

and 9-month-old infants in Experiment 1, and 12- and 18-month-old infants in 

Experiment 2), because age-related changes in encoding speed mean that different 

familiarisation times maybe appropriate for infants of different ages. These particular 

age groups were chosen because their memory retrieval has been well-studied with other 

paradigms (e. g., Hartshorn et al., 1997,1998b; Hayne et al., 2000; Learmonth et al., 

2004,2005), enabling the present results to be integrated with a body of knowledge of 

memory in infancy. 
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3.2. Experiment 1: 6- and 9-month-old infants 

3.2.1. Experiment ]a: The effect of a room change 

Previous work has found age-related decreases in the influence of a change in global 

context between 6- and 9-months on a deferred imitation procedure (Herbert, et al., 

2007). The present study examined the role of global contextual cues in recognition 

memory for these age groups. 

3.2.1.1. Participants 

Twenty-four 6-month-old (12 male) and twenty-four 9-month-old infants (12 

male) were recruited from a database of infants born at the Jessop's Maternity Ward of 

the Hallamshire Hospital, Sheffield. Infants were tested within ten days of their 6- or 9- 

month birthday. No infant was born more than 3 weeks premature, and no infant had 

experienced birth complications. Testing was discontinued on 9 additional infants who 

were excessively fussy or cried during testing (two 6-month-olds and one 9-month-old), 

exhibited side bias (defined as looking at one of the stimuli for less than 5% of a test 

presentation; three 6-month-olds and two 9-month-olds), or due to experimenter error 
(one 9-month-old infant). These criteria are those used in other published studies, and the 

attrition rate is commensurate with that work (e. g., Robinson & Pascalis, 2004). Infants 

were Caucasian (n = 44), Asian (n= 2) and Afro-Caribbean (n = 2). The study, and all 

subsequent studies reported here were approved by the Department of Psychology ethical 

committee. 

3.2.1.2. Apparatus and stimuli 
Testing was conducted in two rooms, which served as the two contexts. The two 

rooms differed on many parameters, although the colour of the background upon which 

the stimuli were presented remained constant. Furthermore, both rooms were adjacent to 

each other on a short corridor, so the context experienced en route to each testing room 

was the same. Room A was a warm, soundproof chamber with walls covered in dark 

fabric. The room was divided in two by a partition. Into the partition was set a screen 
(46 cm x 32 cm), onto which the stimuli were back-projected during the VPC procedure. 
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Infants viewed this screen from a distance of approximately 60 cm whilst seated on their 

parents lap on one side of the partition. This section of the room was 3m long by 1.24 m 

wide. 
Room B was a more typical University Room. It was cooler in temperature than 

Room A, and the walls were painted pale lemon. Again, the room was split by a 

partition, which was covered in black material. On one side of the partition, the infant 

was seated on their parent's lap facing a trio of computer screens placed on a table 

covered in black material in front of the wall. This section of the room was 2.33 in long 

and 1.52 in wide. The computer screens were located approximately 60 cm in front of 

the infant. 

In both rooms, the testing equipment was located on the opposite side of the 

partition to that on which the infant was seated, and during the VPC procedure the 

experimenter controlled the presentation of the stimuli on the monitors via a key board. 

A TV screen and video recorder were connected to a camera pointed to the other side of 

the partition, where the infant was seated. Thus, the experimenter could observe and 

record the infant's behaviour during the VPC procedure, but the infant was unable to see 

the experimenter. 

The stimuli were colour photographs of adult human faces, approximately l0cm 

by 10cm in size (in both Rooms), presented on a plain black background. Two sets of 
faces were used (one pair of male faces, and one pair of female faces), to ensure that 

findings were not stimulus-specific. Each face in a set served equally often as the 

familiar or novel stimulus to ensure that effects could not be attributed to an existing 

preference for one of the stimuli, resulting in four different stimulus conditions. Stimuli 

were chosen to be highly discriminable and roughly equal in attractiveness, with different 

hair colour, hair cut and eye colour (see Figure 3.1). Infants were randomly assigned to 

one of the four sets, with the constraint that the gender of the infant and that of the stimuli 

were counterbalanced. 
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Figure 3.1. Examples of the face stimuli used in Experiments la, lb and lc (not actual size). 

Faces were used for two reasons. First, from birth infants are known to be 

attracted by faces (reviewed by Slater & Quinn, 2001), making it likely that infants will 

attend to the stimuli during the learning phase (e. g., Rose, 1981). Second, research with 

adults on context-shift effects has often used faces as stimuli (e. g., Dalton, 1993; 

Richmond et al., 2004; Russo et al., 1999; Smith & Vela, 1992). For example, adults' 

memory for faces in the VPC over a 2-week delay is affected by a change from one room 

to another (Richmond et al., 2004). Using faces in the present study allows us stronger 

parallels to be drawn with research with adults. 

3.2.1.3. Procedure 

Each infant participated in one VPC test, consisting of a familiarisation and a test 

session. The sessions were separated by a 1-minute retention interval. Infants were 

randomly assigned to either the Saine Room or the Different Room condition, with the 

constraint that within each age group there were equal numbers of male and female 

infants in each condition. Infants in the Same Room condition received both 

familiarisation and test sessions in the same room, and were randomly assigned to either 

Room A or B. Infants in the Different Rooni condition received familiarisation in one 

room and the test in the other room, and were randomly assigned to familiarisation in 

Room A and test in Room B, or vice versa. 

75 



3.2.1.3.1. Pre-test session 

On arrival to the lab, caregivers and their infants were taken to a reception area 

where details of the study were explained, and consent was sought. The reception area 

was situated approximately 30 m down the corridor from Rooms A and B. This session 

lasted approximately 5 minutes. 

3.2.1.3.2. The familiarisation session 
After the pre-test session, infants were taken to either Room A or Room B to 

begin the familiarisation session. When the infant was settled on their parent's lap on the 

test chair, the light in the room was switched off and the session began. Approximately 

30-40 seconds elapsed between entering the room and the start of the familiarisation 

session. In the familiarisation session, infants were presented with a single image until 

they had accumulated a fixed amount of looking time to the picture. Fixed-time 

habituation was used to produce comparability with tests of recognition memory with 

adults, in which stimuli are typically presented for fixed durations during the learning 

session (e. g., Dalton, 1993), and with other infant memory paradigms in which the 

learning session is of a set duration (e. g., Barr et al., 1996; Shields & Rovee-Collier, 

1992). Six- and 9-month-old infants received 20 seconds of familiarisation time 

(Robinson & Pascalis, 2004; Rose, 1981). Fixation was assessed online by the 

experimenter, and confirmed offline from a video-recording of the infant's eye 

movements. 

3.2.1.3.3. The retention interval 

At the end of the familiarisation session, the room light was switched on. For 

infants in the Same Roonr condition, during the 1-minute retention interval, the chair upon 

which the parent and infant were seated was turned away from the screen, and the 

experimenter interacted with the parent and infant. Infants in the Different Room 

condition were taken a short distance from one testing room to the other, and settled on 
their parent's lap in the second room. The experimenter interacted with the parent and 
infant during this period. After the 1-minute delay had elapsed, the test session began for 

infants in both conditions. 
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3.2.1.3.4. The test session 

At the start of the test session, the room lights were turned off. Infants were 

presented with two 5-second recognition tests in which the familiarisation image was 

presented alongside a novel stimulus. In the second test, the lateral position of the images 

was reversed. The initial lateral positions of the stimuli were counterbalanced between 

infants. Infants' eye movements were recorded on a video for later analysis. 

3.2.1.5. Results and Discussion 

Looking times to the novel and familiar images were calculated offline by frame- 

by-frame analysis of the video recordings. A second observer coded 50% of the video 

recordings; inter-observer reliability was 96%. 

Looking times were totalled across both test periods, to examine whether the 

groups showed any differences in overall looking time to the test stimuli (Table 3.1). An 

Age (6- or 9-months) x Condition (Same Room or Different Room) ANOVA on total 

looking times revealed no significant main effects, and no significant interaction 

(all p>0.05). This confirmed that infants in all groups viewed the test stimuli for 

comparable lengths of time. 

Experiment Familiarisation Age (months) Mean Total Looking Time (s) 
time (s) 

Same Room Different Room 

1a 20 6 8.79 (0.42) 8.81 (0.28) 

20 9 8.44 (0.21) 8.81 (0.24) 

lb 20 9 (Room 8.48 (0.32) n/a 
Disruption) 

Table 3.1. Total looking times to the test stimuli in Experiment 1. 
The mean total looking time of groups of infants (n=12 per group) to the test stimuli in the Same Rooni and 
Different Room conditions. Standard errors are shown in parentheses. There were no significant effects of 
age or condition. 
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The predominant measure of memory in the VPC is the novelty score (Rose et al., 
2004), which equals the proportion of time infants spend looking at the novel stimulus 

relative to the familiar stimulus during the test session (Rose & Feldman, 1990; Fagan, 

1974). Novelty scores are used to assess whether the distribution of looking differs from 

that expected by chance (a novelty score of 0.5). Novelty scores that are significant 
different to chance are taken to indicate recognition memory for the familiar stimulus. 

Table 3.2 shows novelty scores for each group of infants in Experiments 1 and 2. 

Preliminary analyses indicated that novelty scores were not significantly affected by 

picture set, the particular room in which the test session was carried out, or the gender of 

the infant (all p>0.05). The data were thus collapsed across these variables. 

Experiment Familiarisation Age Mean Novelty Score 
time (s) (months) 

Same Room Different Room 

la 20 6 0.60 (0.01) * 0.54 (0.03) 

20 9 0.57 (0.02) * 0.49 (0.03) 

lb 20 9 (Room 0.55 (0.02) * n/a 

Disruption) 

Table 3.2. The effect of a change of room on recognition memory in 6- and 9-month-old infants. 
Mean novelty scores (by groups of infants (n=12 per group) in the Same Room and Different Room 
conditions of Experiments 1. Standard errors are shown in parentheses. An asterix indicates that 
preferences were significantly different (p < 0.05) to chance performance (0.5). 

A two-way Analysis of Variance (ANOVA) on Age (6-months or 9-months) by 

Condition (Saute Rooni or Different Roonl) was conducted on novelty scores. There was 

a significant main effect of Condition (F (1,48) = 7.385, p=0.009), indicating that 

infants showed significantly greater novelty scores in the Same Room condition than in 

the Different Room condition. No other effects reached significance. 
Although an ANOVA reveals group differences, it does not indicate which groups 

of infants showed preferences that differed significantly from chance. Two-tailed one- 

sample t-tests were used to compare the percentage fixation to the novel stimulus to the 

78 



chance level of responding (0.5). Infants in both age groups showed significant novelty 

preferences in the Same Roont condition (6 month-olds: t (11) =12.262, p<0.001; 

9-month-olds: t (11) = 3.746, p = 0.003). Thus, both 6- and 9-month-old infants showed 

evidence of recognition memory over a 1-minute delay when familiarisation and test 

occurred in the same location,. 

In contrast, 6- and 9-month-old infants in the Different Room condition did not 

show a distribution of looking that was significantly different from chance levels (6- 

month-olds: t(11) = 1.210, n. s.; 9-month-olds: t(11) = 0.382, n. s. ). It is unlikely that 

behavioural inhibition in the novel context could account for these results, as there was 

no significant difference between the total time infants spent looking at the test pictures 

in the Same Rooni and Different Roont conditions in these age-groups (6-month-olds: 

t (22) = 0.031, n. s.; 9-month-olds: t (22) = 1.177, n. s. ). Thus, when familiarisation and 

test sessions occurred in different locations, 6- and 9-month-old infants showed no 

evidence of recognition memory over a 1-minute delay. 

Is it possible that infants were influenced not by, the difference between the 

learning and testing rooms per se, but by the disruption of moving rooms between the 

familiarisation and test sessions? In the Same Rooni condition, infants remained seated 

with their parents in the testing room throughout the retention interval. In contrast, 

infants in the Different Room condition left one room, were carried down a corridor, and 

were settled in a second room. Winocur and Kinsbourne (1978) found that leaving the 

room of learning has an equivalent effect to a change of context on memory retrieval in a 

group of patients with Korsakoff's amnesia. Experiment lb tested whether leaving the 

experimental room between learning and retrieval impacts on recognition memory in the 

VPC by testing a group of infants in a Room Disruption condition. In this condition, 

infants received the familiarisation and test sessions in the same location (as in the Same 

Room condition), but during the retention interval left the room and returned (as in the 

Different Room condition). 

Since the 6- and 9-month-old infants did not perform significantly differently in 

Experiment la, only 9-month-olds were tested in Experiment lb. Nine-month-old infants 

were chosen because previous evidence suggests that they show memory retrieval across 

a global contextual change when memory is measured with in other paradigms (e. g., 
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Herbert et al., 2007). The lack of generalisation shown by 9-month-olds in Experiment 

1a is thus less congruent with previous research than for 6-month-olds, who show no 

evidence of memory retrieval in an alternate environment in a range of procedures (e. g., 
Hayne et al., 2000; Hartshorn et al., 1998a). 

3.2.2. Experiment lb: Room disruption 

3.2.2.1. Participants 

Twelve 9-month-old infants were recruited as in Experiment I a. Testing was 
discontinued on 3 additional infants who were excessively fussy or cried during testing 

(n=1), or exhibited side bias during the test session (n= 2). Infants were all Caucasian. 

3.2.2.2. Apparatus, stimuli and procedure 

These was identical to that used for infants in the Same Room condition in 

Experiment la, except that each infant, their parent, and the experimenter left the room 

used for the familiarisation and testing session during the retention interval (Room 

Disruption). 

3.2.2.3. Results and Discussion 

Data were analysed as in Experiment la. Infants in the Room Disruption 

condition looked at the test pictures for a mean time of 8.47s (SE = 0.32s), which is 

comparable with looking times in Experiment la (see Table 3.1 for comparison). 
Given the small number of participants, and Experiment l a's findings that the 

gender of the infant, the particular experimenter who ran the demonstration or test 

sessions, and the particular background used during the test session did not affect 

performance, these variables were not analysed in the present Experiment. 

Nine-month-old infants in the Room Disruption condition showed a mean novelty 

score of 0.55 (SE = 0.02), which was significantly greater than chance (t (11) =2.386, 

p= 0.038) and not significantly different from the mean novelty score of 9-month-old 

infants in the Same Room condition in Experiment la (t (21) = 0.851, n. s. ). Thus, the 

failure of 9-month-old infants to exhibit recognition memory across a room change 
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between familiarisation and test cannot be accounted for by the potentially disruptive 

effects of moving location during the retention interval. 

3.2.3. Discussion of Experiment 1 

Why did 6- and 9-month-old infants show no evidence of recognition memory in 

the Different Room condition in Experiment la? Behavioural inhibition in a novel 

context is insufficient to explain the present pattern of results, as total looking times did 

not differ between the Same Room and Different Room condition. Further, testing in a 
different context influences memory retrieval in other paradigms when infants are tested 

in highly familiar contexts (e. g., Learmonth et al., 2004; Hartshorn et al., 1998b), 

suggesting' that mechanisms other than behavioural inhibition are involved. 

Could the shift in context have altered the appearance of the stimuli, such that 

effects were not due to changes in the global context, but to alterations in the appearance 

of the stimulus itself? It seems unlikely. First, the size, brightness and colour of the 

stimuli were the same for infants in both conditions. Second, during the test session the 

lighting in both rooms was provided by the stimuli themselves, so the luminance in which 

they were presented was equivalent. Finally, other research with visual habituation 

tasks suggests that changes in the stimulus do not have a particularly disruptive effect on 

recognition (Cohen & Strauss, 1979; Fagan, 1976). For example, Fagan (1976) tested 

29-week old infants in a habituation paradigm, and found them able to recognise a face 

stimulus when it was presented in a different orientation during the familiarisation and 

test sessions. In the present study, it is more likely that the large change in global context 

produced the observed effects on recognition memory, rather than any very minor 

changes in the appearance of the stimuli themselves. 

Rather, the results suggest that both 6- and 9-month-old infants encoded details of 

the context of learning into their memory during the familiarisation session, and the 

disparity between the contents of memory and the external context during the test session 
led to a retrieval failure. The pattern of results seen with 6-month-old infants fits well 

with previous data showing that for this age group, memory retrieval in an operant 

conditioning task is influenced by a shift from one room to another at home (Hartshorn et 

al., 1998b), and memory retrieval in a deferred imitation task is affected by a move from 
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home to the laboratory (Hayne et al., 2000). Thus, there is strong evidence that 6-month- 

old infants are heavily influenced by the congruency of the context at learning and 

retrieval. However, in previous studies with other paradigms, 9-month-old infants have 

shown evidence of memory retrieval when learning and test sessions occur in different 

global contexts at all but the longest retention intervals (Hartshorn et al., 1998b; Herbert, 

et al., 2007). In the present study, 9-month-old infants (like 6-month-old infants) showed 

no evidence of recognition memory over a short retention interval when learning and 

retrieval occurred in different locations. In order to identify the age at which infants start 

to show evidence of recognition memory across a change in context, Experiment 2 

explored whether memory retrieval in 12- and 18-month-old infants is affected by a 

change of global context. These age groups were chosen because they have shown 

evidence of memory retrieval out of the learning context in other paradigms (Hartshorn et 

al., 1998b; Hayne et al., 2000). 

3.3. Experiment 2: 12- and 18-month-old infants 

As older infants typically process information faster than younger infants, age- 

appropriate familiarisation times may be required when using VPC procedures (e. g., 

Robinson & Pascalis, 2004; Rose, 1983), just as age-appropriate learning times are used 

in other paradigms (Hartshorn et al., 1997,1998b; Hayne et al., 2000). However, 

employing different familiarisation times with different age groups means that any 

differences between age groups could due to systematic differences in their exposure to 

the target stimulus, or indeed to the learning context. The present study thus explored the 

effect of a change of context on recognition memory in 12- and 18-month-old infants, 

both when they received the same familiarisation time as the 6- and 9-month-old infants 

in Experiment 1 (Experiment 2a), and when they received an age-appropriate 10-second 

familiarisation period (Experiment 2b). 
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3.3.1. Experiment 2a: 20 seconds of familiarisation 

3.3.1.1. Participants 

Twenty-four 12-month-old infants and twenty-four 18-month-old infants were recruited 
in the same way as for Experiment la. Testing was discontinued on 11 additional infants 

who were excessively fussy or cried during testing (three 12-month-olds and two 18- 

month-olds), failed to look at the test pictures for long enough (one 12-month-old and 
two 18-month-olds), exhibited side bias during the test session (two 12-month-olds), or 
due to experimenter error (one 18-month-old). Infants were all Caucasian and from 

families of moderate to high socio-economic status. 

3.3.1.2. Apparatus, stimuli and procedure 
These were identical to those used in Experiment la. 

3.3.1.3. Results and Discussion 

Data were analysed as in Experiment 1. Looking times were then totalled across 
both test periods, to examine whether the groups showed any differences in overall 
looking time to the test stimuli (Table 3.3). An Age (12- or 18-months) x Condition 

(Same Room or Different Roomm) ANOVA on total looking times revealed no significant 

main effects, and no significant interaction. This confirmed that infants in all groups 

viewed the test stimuli for comparable lengths of time. 
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Experiment Familiarisation Age (months) Mean total looking time (s) 
time (s) 

Same Room Different Room 

2a 20 12 8.83 (0.28) 9.07 (0.32) 

20 18 8.78 (0.21) 8.71 (0.36) 

2b 10 12 8.00 (0.42) 7.85 (0.33) 

10 18 8.26 (0.35) 7.91 (0.32) 

Table 3.3. Total looking times to the test stimuli in Experiment 2 
The mean total looking time of groups of infants (n=12 per group) to the test stimuli in the Same Rooni and 
Different Room conditions. Standard errors are shown in parentheses. There were no significant effects of 
age or condition. 

Novelty scores were then calculated for each infant. Preliminary analyses 
indicated that novelty scores were not significantly affected by either the picture set, the 

location of the test session, or the gender of the infant, so the data was collapsed across 

these variables. 

Experiment Familiarisation Age Same Room Different Room 
time (s) (months) 

2a 20 12 0.51 (0.02) 0.52 (0.03) 

20 18 0.51 (0.03) 0.52 (0.03) 

2b 10 12 0.57 (0.03) * 0.42 (0.02) * 

10 18 0.57 (0.03) * 0.41 (0.02) * 

Table 3.4. The effect of a change of room on recognition memory in 12- and 18-month-old infants. 
Mean novelty scores by groups of infants (n=12 per group) in the Same Room and Different Room 
conditions of Experiment 2. Standard errors are shown in parentheses. An asterix indicates that preferences 
were significantly different (p < 0.05) to chance performance (0.5). 

Table 3.4 shows the novelty scores shown by 12- and 18-month-old infants in the 

Sanie Room and Different Room conditions. A two-way ANOVA on Age (12- or 18- 

months) x Condition (Same Room or Different Room) revealed no significant effects (all 

p>0.05). This reveals that there was no significant difference between the magnitudes 

of the novelty scores shown by infants of different ages, and no significant difference in 

performance in the Same Room and Different Room conditions. 
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Although an ANOVA reveals group differences, it does not indicate which groups 

of infants showed novelty scores that differed significantly from chance. Two-tailed one- 

sample t-tests were used to compare the percentage fixation to the novel stimulus to the 

chance level of responding (0.5). No group of infants showed a novelty score that 

differed significantly from chance responding (all p>0.05). 
With 20 seconds of familiarisation time, 12- and 18-month-old infants did not 

show evidence of recognition memory in either the Saute Room or Different Room 

conditions. This result is surprising, given that 6- and 9-month-old infants recognised the 

same stimuli in an identical procedure in Experiment 1. It is possible that the results of 
Experiment 2 can be accounted for by over-familiarisation with the test stimuli. Twelve- 

and 18-month-old infants process information more quickly than younger infants, 

requiring less familiarisation time to produce equivalent novelty preferences (e. g., 
Robinson & Pascalis, 2004; Rose, 1983). Thus, in Experiment 2b infants were tested 

with 10 seconds of familiarisation. 

3.3.2. Experiment 2b: 10 seconds of familiarisation 

3.3.2.1. Participants 

Twenty-four 12-month-old infants and twenty-four 18-month-old infants were 

recruited in the same way as for Experiment I a. Testing was discontinued on 4 

additional infants who were excessively fussy or cried during testing (one 12-month-old), 

failed to look at the test pictures for long enough (one 18-month-old), exhibited side bias 

during the test session (one 12-month-old), or due to experimenter error (one 18-month- 

old). Infants were all Caucasian and from families of moderate to high socio-economic 

status. 

3.3.2.2. Apparatus, stimuli and procedure 
These were identical to those used in Experiment I a. 

3.3.2.3. Results 

Data were analysed in the same way as in Experiment 1. After screening total 
looking times, data from one 18-month-old infant were excluded for insufficient looking 
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during the test session, and data from one 12-month-old infant were excluded for side 

bias. Looking times were then totalled across both test periods, to examine whether the 

groups showed any differences in overall looking time to the test stimuli (Table 3.3). An 

Age (12- or 18-months) x Condition (Same Room or Different Roost) ANOVA on total 

looking times revealed no significant main effects, and no significant interaction. This 

confirmed that infants in all groups viewed the test stimuli for comparable lengths of 

time. 

Novelty scores were then calculated for each infant. Preliminary analyses 
indicated that novelty scores were not significantly affected by either the picture set, the 

location of the test session, or the gender of the infant (all p>0.05), so the data was 

collapsed across these variables. 
Table 3.4 shows the novelty scores shown by 12- and 18-month-old infants in the 

Same Room and Different Rooni conditions. A two-way ANOVA on Age (12- or 18- 

months) by Condition (Same Room or Different Room) revealed a significant main effect 

of Condition (F (1,47) = 38.636, p<0.001), reflecting the fact that novelty scores were 

larger in, the Same Rooni condition than the Different Room condition. There were no 

other significant effects (allp > 0.05). 

Two-tailed one-sample t-tests were used to compare the percentage fixation to the 

novel stimulus to the chance level of responding (0.5). In the Same Room condition, 

infants in both age groups showed significant preferences for the novel stimulus (12- 

months, t (11) = 2.496, p=0.03; 18-months, t (11) = 2.50, p=0.03). Intriguingly, 12- 

and 18-month-old infants in the Different Room condition showed a significant 

preference for the familiar stimulus (12-months: t (11) = 4.193, p=0.02; 18-months: 

t(11)=3.934, p=0.02). 

Both novelty and familiarity preferences represent discrimination between the 

stimuli on the basis of previous experience, an indication of recognition memory for the 

familiar stimulus. Thus, the present results indicate that 12- and 18-month-old infants 

recognised the familiar stimulus both in and out of the learning context in Experiment 2b. 

In contrast, 6- and 9-month-old infants in Experiment la did not show a significant 

preference for either stimulus. This indicates there may be age-related changes in the 

ability to recognise a stimulus out of the context of learning across the first two years of 
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life. To examine this directly, the data from Experiments Ia and 2b were pooled and 

analysed together. 

3.4. Overall Analyses and Discussion: Experiments Ia and 2b 

With 10 seconds of familiarisation time, 12- and 18-month-old infants showed 

significant preferences for the novel stimulus in the Same Room condition, as did 6- and 

9-month-old infants with 20 seconds of familiarisation time in Experiment Ia (Figure 

3.2). To ascertain whether performance in the Same Room condition changed with age, 

novelty scores from the Same Room condition in Experiment Ia and 2b were combined 

and subjected to a one-way ANOVA by Age (6-, 9-, 12- or 18-months). This revealed no 

effect of Age (F (3,47) = 0.321, n. s. ), indicating that novelty scores in the Same Room 

condition were equivalent across age-groups when 6- and 9-month-olds were given 20 

seconds of familiarisation time, and 12- and 18-month-olds were given 10 seconds of 

familiarisation time. 
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Figure 3.2. The effect of a change of room on recognition memory in 6- 18-month-old infants. 

Mean novelty scores for independent groups of infants in Experiments 1a and 2b: An asterix indicates 
preferences were significantly different (p < 0.05) from chance (0.5). Error bars indicate +/- I SE. 
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Given comparability in performance in the Same Rooni condition, performance 

was examined in the Different Room condition. A one-way ANOVA on novelty scores 

by Age (6-, 9-, 12- or 18-months) revealed a main effect of Age (F (3,48) = 4.517, p= 

0.008), indicating that older infants showed a stronger preference for the familiar 

stimulus than younger infants. Finally, performance in both conditions was subjected to 

a two-way ANOVA on Age (6-, 9-, 12- or 18-months) x Condition (Same Room or 

Different Room). This revealed a main effect of Age (F(3,95) = 3.963, p = 0.011) and a 

main effect of Condition (F (1,95) =38.570, p < 0.001). There was no significant 

interaction (F (3,95) = 1.798, n. s. ). Post-hoc tests confirmed that the main effect of Age 

resulted from a significant difference in novelty scores between the 6- and 12-month-old 

infants, and the 6- and 18-month-old infants (p < 0.05). This is unlikely to stem from the 

different familiarisation times used in Experiments 1a and 2b, because all age groups 

performed equivalently in the Same Room condition. Thus, the 12- and 18-month-old 

infants showed significantly stronger familiarity preferences than the 6-month-old 

infants, resealing age-related changes in the ability to recognise an unfamiliar stimulus 

out of the context of learning. 

3.5. General Discussion 

3.5.1. The influence of a change of global context on recognition nlenlo, y in infancy 

The first question addressed in the present study was whether a shift of global 

context influences recognition memory for 6- to 18-month-old infants. Although all four 

age groups exhibited recognition memory through a novelty preference when the 

familiarisation and test sessions were conducted in the same room, all four age groups 

showed a different pattern of behaviour when tested in a different room. This indicates 

that recognition memory for unfamiliar stimuli in the VPC was influenced by the 

congruency of the global context during the learning and test sessions for 6-, 9-, 12- and 

18-month-old infants. By the logic of the encoding specificity principle (Tulving & 

Thompson, 1973), infants encoded details of the central stimulus and the room in which it 

was presented into memory, and both influenced memory retrieval. 

The effect of a change of context on recognition memory in infancy in the present 

study adds to previous research demonstrating that cued recall and operant conditioning 
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are influenced by shifts of global context in 6-, 9- and 12-month-old infants (Hartshorn et 

al., 1997,1998b; Hayne et al., 2000), and further demonstrates that 18-month-old infants 

are also sensitive to contextual changes between learning and test sessions. The present 

study also extends the range of contexts which infants are known to represent. In 

previous studies, one of the contexts of testing has typically been the infant's home, with 

which they are presumably highly familiar (e. g., Bushnell et al., 1984; Hayne et al., 2000; 

Learmonth et al., 2004). Not only do infants remember details of their home that allow 

them to distinguish it from an unfamiliar context (e. g., Hayne et al., 2000), or one room 

in their home from another (Hartshorn et al., 1997,1998b), but the present study found 

that even 6-month-old infants encode sufficient details of a novel context to distinguish 

one laboratory room from another. Furthermore, infants only spent around a minute in 

each location, indicating that details of the novel context were rapidly assimilated in 

memory, along with details of the central stimulus. Global context is thus likely to exert 

pervasive influences on memory retrieval in infancy. 

Unlike previous research that has employed infant-specific tasks (such as the 

mobile task), the VPC task can itself be used with adults, and is related to other 

recognition memory procedures that are traditionally used with adult populations (e. g., 

Manns et al., 2000; McKee & Squire, 1993). In the present study, the context change and 

stimuli that produced a context-shift effect with 6- to 18-month-old infants were the same 

as those that have been previously used to obtain context-shift effects in some studies of 

recognition memory in adulthood (e. g., Dalton, 1993; Richmond et al., 2004; Russo et 

al., 1999; Smith & Vela, 1994). The comparability of procedures in which context-shift 

effects can be found with infants and adults makes it less parsimonious to conclude that 

contextual influence on memory retrieval occur through qualitatively different 

mechanisms in infants and adults. This further undermines the argument that there is a 

shift from `context-free' to `context-rich' memory in infancy (e. g., Bachevalier & 

Vargha-Khadem, 2005). 
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3.5.2. Age-related changes in contextual influences on recognition memory 

The second question addressed in the present study was whether there are age- 

related changes in the influence of global context on recognition memory. Six- to 18- 

month-old infants showed the same magnitude of novelty preferences in the Same Room 

condition, indicating that there were no age-related changes in stimulus recognition in the 

present procedure when learning and testing occurred in the same context. However, in 

the Different Room condition 6- and 9-month-old infants showed null preferences, 

whereas 12- and 18-month-old infants showed significant familiarity preferences. When 

stimuli are unfamiliar to the infant, familiarity preferences are commonly obtained when 
familiarisation times are brief (Hunter et al., 1982; Richards, 1997; Rose et al., 1982; 

Slater, 1995), or when memory is tested after long retention intervals (Bahrick et al., 

1997; Bahrick & Pickens, 1995; Courage & Howe, 1998,2001). Thus, familiarity 

preferences may result when there is only a partial match between external input and the 

internal stimulus representation (Bahrick & Pickens, 1995; Hunter & Ames, 1988). This 

account finds its roots in Solokov's model of looking behaviour in preferential looking 

paradigms, which states that infants will attend to a novel stimulus once their 

representation of a familiar stinndus is complete (Solokov, 1963). This explanation can 

account for the present results, if it is assumed that infants integrate details of stimuli and 

their contexts in their memory traces. When encoding and retrieval occur in different 

global contexts, there is only a partial match between the internal representation and the 

external input. The 12- and 18-month-old infants may thus have oriented to the familiar 

stimulus in order to update their internal representation of that stimulus, perhaps 
including details of the new context in which it was encountered. 

Twelve- and 18-month-old infants clearly recognised the test stimulus when it 

was presented out of the context of learning. In contrast, 6- and 9-month-old infants did 

not show any evidence of recognition memory when learning and retrieval occurred in 

different rooms. This may reflect the fact that in the absence of global contextual cues, 

the test stimulus itself was not sufficient to drive a preference. The age-related changes 
in the influence of a shift of global context on recognition memory between 6- and 12- 

months seen in the present study complement similar developmental trajectories in the 

deferred imitation (Hayne et al., 2000) and operant conditioning tasks (Hartshorn et al., 
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1998b). Clearly, there are broad changes in the ability to retrieve memory in different 

global contexts in the second half of the first year of life. 

The present results narrow the range of potential explanations for this 

developmental process. In previous studies, infants have either been tested in highly 

familiar environments (e. g., Hartshorn et al., 1998b), or over relatively long retention 
intervals (e. g., Hayne et al., 2000). In the present study, memory was tested in a novel 

context over a short retention interval, reducing the likelihood that age-related changes in 

the familiarity of the testing context, or the rate at which information is forgotten, can 
fully account for the age-related changes in context-shift effects observed. A number of 

studies have found that performance in the VPC is dependent on the integrity of the 

hippocampal formation when memory is measured over a short delay, as in the present 

study (reviewed in Section 2.2.3). Furthermore, research with animals shows that 

incidentally-presented environmental contextual information, like the room in which 

participants are tested, is likely to exert an influence on memory through hippocampally- 

based processes (e. g., Mumby et al., 2002; reviewed in Section 1.5.1). The present study 

thus provides further evidence that age-related changes in context-shift effects in infancy 

may reflect age-related changes in hippocampal functioning (e. g., de Haan, Mishkin, 

Baldeweg, & Wargha-Khardem, 2006; Hayne, 2004; Richmond & Nelson, 2007; 

Robinson & Pascalis, 2004). 

3.5.3. The influence of stinnrlus novelty 
Six- and 9-month-old infants had not necessarily completely forgotten the 

familiarisation stimulus when they saw it in a different room. This is because a null 

preference does not necessarily indicate complete forgetting (Houston-Price & Nakai, 

2004; Hunter & Ames, 1988; Pascalis & de Haan, 2001; see Section 2.2.7 for discussion). 

Thus, it cannot be concluded that 6- and 9-month-old infants are unable to recognise 

people when they meet them `out-of-context'. Furthermore, the use of novel stimuli may 

make recognition in an alternate context particularly difficult for infants. As adults rely 
less on global context to cue retrieval when stimuli are familiar (e. g., Dalton, 1993; Russo 

et al., 1999), 6- and 9-month-old infants may be less constrained by contextual cues when 

recognising objects or people that they have encountered many times before. Indeed, it is 

clear that infants recognise their mother in a variety of contexts from shortly after birth 
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(e. g., Bushnell, 2001; Bushnell, Sai & Mullin, 1989; Field, Cohen, Garcia & Greenberg, 

1984). Encountering a stimulus in many different contexts may enable the development 

of an ̀ independent' representation of that stimulus, which can then be encoded and 

remembered with little influence from contextual variation (e. g., O'Reilly, 2001; Pan, 

1926; Rothkopf, Fisher & Billington, 1982). Indeed, this may be why variability training 

is so effective in the mobile task for 3- and 6-month-old infants (Amabile & Rovee- 

Collier, 1991; Rovee-Collier & DuFault, 1991). Manipulating the duration and nature of 

exposure to a stimulus with infants of different ages may illuminate the processes by 

which stable, context-free representations of individuals or objects develop. 

3.5.4. What details of the global context were important? 
One limitation of exploring a change of global context is the difficulty in 

identifying the precise contextual elements that were important in memory retrieval. 

However, it is important to consider the contextual features that could potentially have 

driven the observed effects. Notably, the lights were turned off during the VPC 

procedure in both testing rooms. Although some details of the rooms would have been 

visible by the light of the stimulus on the screen, these would have been very poorly 

defined. Furthermore, infants viewed the test stimuli for the majority of the time they 

were presented (with mean total looking times of approximately 8 seconds out of the 10 

seconds available), rather than looking around the room. Non-visual features of the room 

(such as its temperature) may have played a role. Indeed, previous research with a VPC 

task has demonstrated that auditory or olfactory aspects of the context can cross-modally 

influence recognition memory for visual stimuli (Fernandez & Bahrick, 1994; Pescara- 

Kovach et al., 2000). 

Alternatively, details the infant noticed prior to the presentation of the test stimuli 

may be important. In contextual-fear conditioning paradigms conducted with rats, a 

period of familiarisation in a context is required before rats learn to associate a context 

with a shock (Fanselow, 1990). This familiarisation time may enable rats to build a 

conjunctive representation of the context, which can then enter into an association with 

the shock stimulus (Fanselow, 1990; Rudy & O'Reilly, 1999). Indeed, if experiences 
leading up to an immediate shock (such as travelling in a particular carry-box) have been 
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previously associated with a particular context, the fear response is conditioned to the 

expected context rather than the one in which the rat is currently situated (Rudy & 

O'Reilly, 2001, Rudy, Barrientos, & O'Reilly, 2002). In the present study, the 

representation infants formed of the testing room as they were brought in by their parents 

may have been linked to the representation of the test stimulus, even though the two were 

not concurrently visible. This remains a question for further research. 

3.5.5. Global context in operant conditioning, deferred incitation and recognition memory 

paradigms 

Details of the global context of learning are encoded in memory and influence 

retrieval under some circumstances in operant conditioning, deferred imitation and the 

VPC. However, it appears that for 9- and 12-month-old infants, memory is influenced by 

a global context change over different retention intervals in different paradigms 

(Hartshorn et al., 1998b; Hayne et al., 2000; Herbert et al., 2007). For example, in the 

train task, 9- and 12-month-old infants only require a congruent global context for 

encoding and retrieval when sessions are separated by a 42- or 56-day delay respectively, 

and a global context change has no influence over a 24-hour retention interval (Hartshorn 

et al., 1998b). In contrast, in the present study recognition memory in the VPC task was 

affected by a global context-shift over a delay of just 1 minute. Possibly, memory 

retrieval is only affected by a global contextual shift when 9- and 12-month-old infants 

are tested over very short or very long retention intervals. Indeed, research with animals 

and human adults has revealed U-shaped curves in contextual influences on memory 

retrieval over time (Bertsch & Sanders, 2005; Land & Riccio, 1998; Borovsky & Rovee- 

Collier, 1990). However, when 12-month-old infants are tested in a deferred imitation 

task over a 3-minute delay, memory retrieval is not influenced by a move from a polka- 

dot tent to an ordinary University room (Klein & Meltzoff, 1999), indicating that infant 

memory is not always influenced by an contextual change over short retention intervals. 

Alternatively, the VPC paradigm may be more sensitive to context-shift effects 
than other paradigms. Indeed, a change of background precludes memory retrieval for 

12-month-old infants in the VPC when memory is tested immediately, suggesting that 

memory may be particularly vulnerable to context changes in this task (Robinson & 

Pascalis, 2004). Many procedural aspects of the VPC could account for any heightened 

93 



context-sensitivity. For example, the familiarisation sessions in the VPC are typically 

shorter than those employed in deferred imitation or operant conditioning tasks (e. g., 

Pascalis & Robinson, 2004; Hayne et al., 2000; Hartshorn et al., 1998b), and longer 

learning sessions may reduce the magnitude of context-shift effects in infancy (Millin & 

Riccio, 2004). Alternatively, the lack of salient local cues remaining constant between 

learning and retrieval in the present study may have rendered retrieval particularly 

dependent on global contextual details. 

The type of memory required in a particular task may also be important in 

determining the contextual sensitivity of performance. For example, spatial memory may 

be particularly affected by a context change. When 14-month-old infants observe an 

experimenter hide a toy in a particular cupboard in an experimental room, they will 

search for the toy in the cupboard 24-hours later. However, when features of the room, 

the shape of the interior space, and the path taken to reach the room are different during 

the test session, 14-month-old infants no longer search for the toy, even through the same 

cupboard is present (Moore & Meltzoff, 2004). This could either be attributed to a failure 

of memory retrieval in the altered context, or to the fact that the infants do not expect the 

toyto be located in the novel room. In either case, it appears that the expression of 

location memory in 14-month-old infants is more constrained by contextual details than 

memory for actions in the deferred imitation task for 12-18-month-old infants (Hayne et 

al., 2000). It is plausible that the types of memory required in operant conditioning, 

deferred imitation and VPC tasks are also differentially sensitive to a context change. 

3.5.5. Global and local context in infant menioiy 
The context of learning clearly plays an important role in memory retrieval for 6- 

to 18-month-old infants, enabling infants to recognise objects and people more easily 

when they are encountered in the context in which they are typically located. Between 6- 

and 12-months, infants show evidence of increasing generalisation across changes in the 

global context of learning, becoming more able to recognise people and objects in 

different locations through the first two years of life. Other contextual changes are 

equally important to explore. For example, objects may be placed on different surfaces, 

or backgrounds. Different people may be present on the occasions when infants are 

playing with the same object. What influence do these sorts of changes have on memory 
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in infancy? For adults, it seems that discrete sources of information such as the 

background upon which stimuli are presented (Murnane & Phelps, 1999), or the 

experimenter running the learning and test sessions (Smith & Vela, 2001), can also 

provide important cues to memory retrieval. The importance of people and backgrounds 

in memory retrieval in infancy is explored in the next Chapter. 
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Chapter 4: The effect of a change of local context on memory in 6- and 
9-month-old infants 

4.1. Introduction 

The aim of the experiments presented in this Chapter was to explore the influence 

of social and local physical context on memory retrieval in infancy. 

4.1.1. Local physical context 

In research with infants, local physical context has been defined differently in 

different paradigms. In the VPC, local physical context has been defined in a similar way 

to studies with adults, by the background upon which stimuli are presented. When tested 

immediately, 6- and 12-month-old infants do not show evidence of memory in the VPC 

task when stimuli are presented on one coloured background during familiarisation, and a 
different coloured background at test (Haaf et al., 1996; Robinson & Pascalis, 2004). 

However, recognition memory in 18- and 24-month-old infants is not affected by this 

manipulation (Robinson & Pascalis, 2004). In the mobile task, local physical context has 

typically been defined as the distinctive colour and pattern of the lining of the crib in 

which infants are tested (e. g., Borovsky & Rovee-Collier, 1990; Shields & Rovee-Collier, 

1992). A context change is usually effected by switching the colour and/or pattern of the 

liner (such as green squares on a yellow liner to red stripes on a blue liner). Memory in 

the mobile task is precluded by such a change for 6-month-old infants tested over a 24- 

hour delay (e. g., Borovsky & Rovee-Collier, 1990; Shields & Rovee-Collier, -1992). 
Older infants have not been tested with a change of local physical context in this task. 

Only one study has explored the effect of a change of local physical context with 

a deferred imitation task (Learmonth et al., 2004). Learmonth and colleagues used 
similar liners to those typically used in the mobile study (this time, blue with pink circles 
and green with yellow stripes), but used them to form a mat upon which the infant and 
experimenter were seated. Using different mats for the learning and test sessions had no 
influence on retrieval for 6- , 9- or 12-month-old infants when memory was tested over a 
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24-hour delay. Thus, a change of mat has no effect on cued recall over a 24-hour delay 

when global environmental cues are consistent. 
Why might memory retrieval in the deferred imitation paradigm be less affected 

by a change of local physical context than memory retrieval in the mobile or VPC tasks? 

The way in which local physical context has been defined in different infant memory 

tasks may hold the solution. A mat located beneath the infant may be less salient than the 

crib liner surrounding the infant in the mobile task, or the distinctive background of a 

picture stimulus in the VPC task, because the mat is not in the infant's line of sight whilst 

they are viewing the test stimulus. Exploring the effect of changing a distinctive 

background in a deferred imitation task might reveal whether the relative salience of 

different local contextual cues is sufficient to account for the lack of sensitivity to 

changes of local physical cues previously seen in the deferred imitation task. 

Alternatively, the experimenter may be more salient in the deferred imitation task than in 

the other two paradigms (Learmonth et al., 2005), overshadowing the role of other local 

physical cues. The importance of people in learning and memory in infancy is considered 

in the next section. 

4.1.2. Social context 

Social factors during learning have a large impact on memory in infancy. For 

example, in a deferred imitation task, 18-month-old infants will imitate the `failed 

attempts' of an adult experimenter, but will not produce the same behaviour when they 

have observed a mechanical device perform the same `failed attempt' (Meltzoff, 1995). 

At this age, infants will also modify their imitative behaviour based on the behaviour of 

the experimenter, reproducing twice as many of an experimenter's actions that were 

marked by a verbal commentary of `there! ', than were marked by a commentary of 

`whoops! ' (Carpenter, Nagell & Tomasello, 1998). Social information during learning 

also has an influence on object recognition memory. Cleveland and Striano ( 2007) 

found that 9-month-old, but not 4-month-old infants, showed evidence of stronger 

recognition memory for an object that had been involved in a joint attention interaction 

with the experimenter (where the experimenter alternated gaze between object and 

infant), than for an object to which the experimenter had simply attended (alternating 

97 



gaze between the object and the ceiling). Social factors during learning thus influence 

both recall and recognition memory in infancy. However, these studies do not reveal the 

influence of social context on memory retrieval. 
The importance of social context for memory retrieval can be assessed by having 

different experimenters run the demonstration and test conditions. However, it is first 

important to consider the effect stranger wariness may have on results. `Wariness' has 

been defined as "the tendency to inhibit approach or to avoid novel objects and persons" 
(Sroufe, 1977, p. 732), and this may prevent infants from expressing their memories in the 

presence of a stranger. In a memory task, this question can be partially addressed by 

measuring the latency to interact with the stimulus. If latencies are longer in the presence 

of a novel experimenter, wariness may be playing a role. In general, the degree of 

stranger wariness observed increases between 6- and 12-months (Emde, Gaensbauer & 

Harmon, 1976; Waters, Matas, & Sroue, 1975). However, wariness is unlikely when the 

stranger approached the infant with a toy (Bretherton & Ainsworth, 1974; Rheingold & 

Eckerman, 1973) or in order to play with the infant (Rafman, 1974). Indeed, infants 

show virtually no wariness when their mother interacts with the experimenter, the infant 

is pre-exposed to the experimenter, and the experimenter approaches with a toy 

(Rheingold & Eckerman, 1973). These conditions are exactly those used in typical infant 

memory procedures, and thus it is unlikely that stranger wariness will play a large role in 

any experimenter change effect, provided the experimenter has been encountered prior to 

the test session. 

The deferred imitation paradigm has been used to explore the role of the 

experimenter in infant memory (Hanna & Meltzoff, 1993; Klein & Meltzoff, 1999; 

Learmonth et al., 2005). This paradigm is particularly suitable because the experimenter 

plays a major role, presenting the toy to the infant during both the encoding and retrieval 

sessions. Broadly, social context changes do not affect deferred imitation in the second 

year of life (Hanna & Meltzoff, 1993; Klein & Meltzoff, 1999). For example, Klein and 
Meltzoff (1999) showed 12-month-old infants a sequence of target actions in their home 

(Klein & Meltzoff, 1999). After a 1-week delay, a second experimenter tested their recall 

of the target actions in the laboratory. The infants showed significant evidence of 
deferred imitation despite the change in both physical and social context. Thus, despite 
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the central role the experimenter plays in this task, infants as young as 12- months are 

able to retrieve their memory for the deferred imitation task in the absence of the 

experimenter who originally demonstrated the target actions. 
As younger infants appear to be more constrained by contextual congruency than 

older infants (e. g., Hayne et al., 2000; Chapter 3), memory in younger infants may be 

more susceptible to the presence of different experimenters at encoding and retrieval. In 

the only study to examine the influence of a change of experimenter on deferred imitation 

in infants younger than 12-months, Learmonth et al. (2005) tested 6- 
, 9- and 12-month- 

old infants in their home. No age group showed evidence of memory retrieval if the 

second experimenter was completely novel to the infant, which the authors interpret as an 

effect of `social neophobia'. However, 9- and 12-month-old infants showed evidence of 

memory retrieval with an alternate experimenter if they had received 5-minutes of 

familiarisation with her two days prior to the test session. For 9- and 12-month-old 

infants, the experimenter does not appear to provide crucial cues for memory retrieval, 

but a completely novel experimenter disrupts performance in some circumstances. 

Six-month-old infants retrieved their memories for the target actions across a change in 

experimenter when both experimenters were present during the demonstration session. 

This indicates that 6-month-old infants do not require all aspects of social context to be 

maintained between encoding and retrieval. However, it is unclear whether 6-month- 

olds, like 9-month-olds, would show evidence of deferred imitation if no aspects of social 

context were maintained between encoding and retrieval, because this condition was not 

included in Learmonth and colleagues' study. Thus, it remains unclear whether there are 

age-related changes in the ability to retrieve memory across a change of social context in 

infancy. 

4.1.3. The present study 

The present study explored the role of social and local physical context in 

memory retrieval with 6- and 9-month-old infants. There is clear evidence that by 12- 

months, infants are able to retrieve memory in the deferred imitation task in a different 

global environment and in the absence of the experimenter who initially demonstrated the 

target actions (Klein & Meltzoff, 1999). In contrast, the role played by social context and 
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local physical context for 6- and 9-month-old infants is less clear. However, it is 

plausible that there are important developmental changes across this age range. Previous 

research indicates a development between 6- and 9-months in the ability to transfer 

memory from one stimulus to another (Learmonth et al., 2004), or from one room in their 

home to another over a 24-hour delay (Hartshorn et al., 1998b). This implies that there 

may be important age-related changes in the ability to retrieve memories in alternate 

contexts between the ages of 6- and 9-months. In order to examine age-related change in 

contextual influences on memory retrieval whilst minimizing the potentially confounding 
influence of age-related changes in forgetting function, infants were tested over a 10- 

minute delay. A delay of 10 minutes is considered to be a measure of long-term memory 

in deferred imitation tasks (Abravanel, 1985,1991; Barnat et al., 1996; Bauer, Van 

Abbemea & de Haan, 1999; Heimann & Meltzoff, 1996). 

4.2. Experiment 3: The effect of a change of social and physical context on memory 

retrieval in a deferred 
. 
imitation task 

4.2.1. Experiment 3a: A change of background or a change of experimenter 

Experiment 3a explored the role of local physical context, and the role of the 

experimenter, in memory retrieval in a deferred imitation task with 6- and 9-month-old 

infants. The particular deferred imitation task chosen was the `puppet task', a task that 

has been used many times with 6-, 9- and 12-month-old infants (e. g., Barr et al., 1996; 

Hayne et al., 2000; Learmonth et al., 2004,2005). The local physical context used was 

brightly coloured and patterned cloth, which provided a background to the deferred 

imitation task (Figure 4.1). This was chosen to be comparable to the changes typically 

made in the mobile task (a distinctive crib liner surrounding the infant; e. g., Borovsky & 

Rovee-Collier, 1990; Shields & Rovee-Collier, 1992), and the VPC task (the background 

of the stimulus; Coldren & Haaf, 1999; Haaf et al., 1996; Robinson & Pascalis, 2004). 
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Figure 4.1. The room in wvhich the deferred imitation paradigm was carried out in Experiments 3,4 
and 5. 
The checked material behind the experimenter was defined as the local physical context of the testing 
procedure. The experimenter is shown on the left; the infant is seated on her mother's knee. 

The importance of this surround as a retrieval cue was assessed by testing a group 

of infants with a surround of a different colour and pattern to that used during the 

demonstration session. To directly assess the role of the experimenter in memory 

retrieval in the deferred imitation task, a group of infants were tested by a different 

experimenter to the experimenter that ran the demonstration session. Importantly, this 

experimenter was not present during the demonstration session, but the infant was 

familiarised with both experimenters before the deferred imitation procedure began (c. f. 

Learmonth et al., 2005). 

4.2.1.1. Participants 

Forty-eight 6-month-old infants (30 male) and 48 nine-month-old infants (30 

male) were recruited from a database of infants born at the Jessop's Maternity Ward of 

the Hallamshire Hospital, Sheffield. Each group contained equal numbers of male and 

female infants. Infants were tested within ten days of their 6- or 9-month birthday 

respectively. No infant was born more than 3 weeks premature, and no infant had 

experienced birth complications. Testing was discontinued on 12 additional infants who 

were excessively fussy or cried during testing (n = 11), or failed to respond during the 

warm-up phase described below (n = 1). This is commensurate with attrition rates in 
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previous studies with this task (e. g., Barr & Hayne, 1996). All infants were Caucasian. 

This study, and all subsequent studies, were approved by the Department of Psychology 

ethical committee. 

4.2.1.2. Apparatus 

The stimuli were four hand puppets: a rabbit and a mouse (30 cm in height), both 

made in a pink and a grey version. Identical puppets have been used previously in studies 

of deferred imitation with this age group (e. g., Hayne et al., 2000). The colour and form 

of the puppet used was counterbalanced across age, gender, and experimental condition. 
A removable felt mitten (8 cm x9 cm) was placed over the right hand of each puppet and 

matched the colour of the puppet. A large jingle bell was secured to the inside of the 

mitten in demonstration conditions or the back of the puppet in the control conditions. 

The bell was removed during the test session in all conditions to ensure that memory 

performance was not prompted by the sound of the bell. 

To create a distinctive visual surround, one of two brightly coloured and patterned 

sheets of material (3m x lm) was placed immediately behind the experimenter (see 

Figure 4.1). One sheet of material was red with blue squares (15 cm x 15 cm); the other 

was yellow with green circles (15 cm x 15 cm). The material was draped over a wooden 
frame that formed three sides of a square (lm x1mx1 m) around the experimenter. The 

colour of the background used was counterbalanced across age, gender, and experimental 

condition. 
Four different female experimenters were involved in this study. EJ tested infants 

in all four conditions. JH, LC and JD were involved in testing infants in the No Change, 

Baseline, and Experimenter Change (fDL) conditions. 

4.2.1.3. General Procedure 

Infants were randomly assigned to one of three demonstration conditions (No 

Change, Background Change, and Experimenter Change with familiarisation in a 
Different Location (Experimenter Change JDL)) or to the Baseline condition. There were 
6 male and 6 female infants of each age in each condition. All infants participated in a 
demonstration session and a testing session which was separated by approximately 10 
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minutes. Infants were tested in the laboratory at a time of day that was defined by the 

caregiver as an alert/play period. A female experimenter interacted with the caregiver and 

the infant in the Reception Room for approximately 5 minutes until the infant appeared 

comfortable with the experimenter. During this time informed consent was obtained from 

the caregiver. In the Experimenter ChangeJDL condition, two female experimenters were 

present throughout this period and both interacted with the infant and caregiver. 

During the demonstration and test sessions, the infant sat on their caregiver's lap 

on a chair in the Experimental Room. The experimenter knelt in front of the infant and 

caregiver. Importantly, the demonstration and test sessions followed those used in 

previous studies with this task in all major respects (e. g., Barr et al., 1996; Hayne et al., 
2000; Learmonth et al., 2004,2005). A warm-up phase was first conducted to ensure that 

infants were willing to interact with objects offered to them by the experimenter, and that 

they were able to engage in visually-guided reaching. The experimenter offered the infant 

a plastic toy, and interacted with the infant until he or she either took the toy, or three 

minutes had elapsed. 

4.2.1.3.1. Demonstration session 
Immediately following the warm-up phase, the experimenter placed a puppet on 

her right hand, out of the infant's sight. The puppet was then bought up to the infant's eye 
level at a distance of approximately 30 cm, just out of reach of the infant. If the infant 

failed to visually orient to the puppet, the experimenter attempted to draw the infant's 

attention to the puppet by saying `Look', and the baby's name. Once the infant was 

attending to the puppet, the experimenter demonstrated a sequence of three target actions. 
First, she removed the mitten from the puppet's right hand. Second, she shook the mitten 

three times, ringing the bell inside it. Third, she replaced the mitten on the puppet's right 
hand. This sequence of actions lasted approximately 15 seconds and was repeated six 

times in total. The entire demonstration session lasted approximately two minutes, during 

which time the infant was unable to touch the puppet or perform the target actions. 

During the demonstration, the experimenter used only general verbal comments 

such as ̀ look at this' to elicit and maintain the infant's attention to the puppet. The 

experimenter and the caregiver did not label the puppet or any of the target actions. At the 
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end of the demonstration the puppet was removed from the infant's sight. The infant, 

caregiver, and experimenter then returned to the Reception Room where they continued 

to interact together for the 10-minute delay interval. In the Experimenter Change fDL 

condition both Experimenters interacted with the infant and caregiver during the delay. 

4.2.1.3.2. Baseline Demonstration 

The baseline procedure used in the present study was that used in previous studies 

with the puppet task (e. g., Barr et al., 1996; Hayne et al., 2000; Learmonth et al., 2004, 

2005). Infants in the Baseline condition received the same amount of exposure to the 

puppet, the ringing of the bell, and the experimenter as infants in the Demonstration 

conditions, but the target actions were never demonstrated. The experimenter held the 

puppet just out of reach of the infant, and shook the puppet three times, causing the bell 

attached to the back of the puppet to ring. The sequence of actions lasted approximately 

15 seconds and was repeated six times in total. The entire baseline demonstration took 

approximately two minutes. All other details of the baseline demonstration were identical 

to those experienced by infants in all of the demonstration groups. 

4.2.1.3.3. Test session 

At the end of the 10-minute retention interval, the infant was returned to the 

experimental room. Once the infant was reseated on their caregiver's lap, the 

experimenter removed the demonstration puppet from the bag and placed it over her right 
hand. The puppet was placed approximately 20cm in front of the infant, within 

comfortable reach. The infant was then allowed to freely explore the puppet. During the 

test session, the experimenter and caregiver did not prompt the infant's behaviour. 

For infants in the No Change and Baseline conditions, the demonstration and test 

sessions were conducted by the same experimenter, and the same coloured background 

was used. For infants in the Background Change condition, the bright background 

material was changed between the demonstration and test sessions. For example, infants 

who observed the demonstration with the blue and red background were tested with the 

yellow and green background. For infants in the Experimenter Change JDL condition, the 

background remained constant between demonstration and test, but a second female 
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experimenter held the puppet during the test phase. The original experimenter, who had 

demonstrated the target actions, was absent from the experimental room. 

4.2.1.4. Results and Discussion 

The scoring and analysis of the data followed previous research in all major 

respects (e. g., Barr et al., 1996; Hayne et al., 2000; Learmonth et al., 2004,2005). The 

entire test session was videotaped for subsequent analysis. One observer scored the 

presence or absence of three target behaviours during the test: (a) remove the mitten, (b) 

shake the mitten, (c) replace, or attempt to replace, the mitten. Infants were allowed 90 

seconds from the time they first touched the stimulus to produce the target actions. A 

second independent observer scored a randomly chosen 50% of the sessions. A Pearson 

product-moment correlation yielded an inter-observer reliability coefficient of 0.98. An 

imitation score was calculated for each infant by summing the number of target 

behaviours he or she produced during the test session (range 0 to 3). Infants were only 

given credit for the first time they produced each target action. Preliminary analyses 

confirmed that scores were not significantly influenced by the gender of the infant, the 

particular stimulus used, the particular experimenter who ran the demonstration or test 

session, or the particular distinctive background used during the demonstration or test 

sessions, and so further analyses were collapsed across these variables (all p>0.05). 

6 An infant was judged as having replaced the mitten when they placed the mitten in the correct orientation 
on or next to the correct hand of the puppet. This was to ensure that infants were not prevented from 
scoring a total of three points through a lack of the co-ordination necessary to fully replace the mitten on 
the puppet's hand. 
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Observers coded the latency to touch the puppet from the time of its presentation, 

and the latency of any target actions that were produced. Latency data were examined to 

determine whether any group of infants was reticent to touch the puppet. Examination of 

the data revealed one outlier, which was removed from subsequent analyses (a 6-month- 

old infant in the Experimenter Change JDL group, who took 178 seconds to interact with 

the puppet). An ANOVA on the mean latencies of each group of infants (Figure 4.2) by 

Age (6- or 9-months) and Condition (Baseline, No Change, Experimenter Change fDL, or 

Background Change) revealed no main effects and no significant interaction (p > 0.05). 

However, the main effect of Condition approached significance (F (3,72) = 2.6 1, p= 

0.06), and inspection of Figure 4.2 reveals that this was probably due to infants in the 

Baseline condition tending to interact with the puppet more quickly than infants in the 

other conditions. Thus, changes in environmental or social context did not result in 

infants being any slower to interact with the puppet at test. 
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Figure 4.2. Latency to touch the test stimulus in Experiment 3. 
The mean latency of each group of infants (n=12 in each group) to touch the puppet from the time of 
presentation. Error bars indicate +/- 1 Standard Error. There were no significant effects of age or 
condition. 
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Tables 4.1 and 4.2 show the range of scores produced by each group of infants. 

This data reveals that spontaneous production of the target actions in the Baseline 

condition was rare, confirming the novelty of the demonstrated target actions. 

Number of target actions 0123 
No Change 2550 

Background Change 5430 

Experimenter Change (fDL) 10 020 

Experimenter Change (fSL) 3450 

(Experiment 3c) 

Baseline 11 100 

Table 4.1. The number of 6-month-old infants producing 0,1,2 or 3 target actions in each condition 
in Experiment 3. 
A score of 1 indicates that the infant removed the mitten, a score of 2 indicates they removed the mitten and 
either shook or replaced/attempted to replace the mitten, and a score of 3 indicates they performed all three 
actions. 

Number of target actions 0123 
No Change 5241 
Background Change 4413 

Experimenter Change (fDL) 5241 

Experimenter and Background 4350 

Change (Experiment 3b) 

Baseline 11 010 

Table 4.2. The number of 9-month-old infants producing 0,1,2 or 3 target actions in each condition 
in Experiment 3. 
A score of 1 indicates that the infant removed the mitten, a score of 2 indicates they removed the mitten and 
either shook or replaced/attempted to replace the mitten, and a score of 3 indicates they performed all three 
actions. 
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To analyse whether changes in physical or social context influenced memory 

retrieval, a two-part analysis strategy was employed (e. g., Barr et al., 1996; Hayne et al., 

2000; Learmonth et al., 2004,2005) This strategy uses the mean number of actions 

produced by each group of infants as the dependent variable (Figure 4.3). 
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  No Change 

  Background Change 

  Experimenter Change fDL 
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Figure 4.3. Effect of an experimenter change or background change on cued recall in 6- and 9- 

month-old infants. 
The mean number of actions (+/- 1 SE) produced by groups of infants in Experiment 3. An asterix indicates 
that the mean imitation score of a group is significantly greater than the mean of the age-matched Baseline 

group (p < 0.05). 

The first part of the strategy was to assess whether there were any group 

differences in imitation score between infants in the Demonstration conditions. To do 

this, the data were subjected to a two-way Analysis of Variance (ANOVA) with age (6- 

or 9-months) and condition (No Change, Background Change, Experimenter Change 

JDL) as the two variables. There were no significant main effects, and no significant 

interactions, indicating that there were no significant variations in performance between 

the two age groups, or between the various demonstration conditions. 
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This analysis does not indicate whether a particular group showed retention of the 

target actions. Retention can only be inferred if the mean number of target actions 

produced by a demonstration group is significantly greater than the mean number of 

target actions spontaneously produced by their age-matched control group. Thus, the 

second part of the analysis strategy assesses whether any of the test groups met this 

criterion. To do this, the mean number of target actions produced by each demonstration 

group was compared to the Baseline group with independent-samples t-tests. 

For the 6-month-olds, infants in the No Change condition (t (14) = 5.01, p <0.001) 

and the Background Change condition (t (14) = 2.94, p=0.01) exhibited significant 
levels of deferred imitation. Thus, the change of background had no detectable effect on 

memory retrieval in the deferred imitation test. However, infants in the Experimenter 

Change fDL condition did not show significant levels of deferred imitation (t (14) = 1.37, 

n. s. ). In order to test whether the change of Experimenter had a significant effect on 

retention, the scores of 6-month-old infants in the No Change and Experimenter Change 

JDL conditions were compared with a two-tailed independent samples t-test. This 

revealed that the change of experimenter significantly reduced imitation scores for 6- 

month-old infants (t (22) = 2.93, p=0.01). 
For 9-month-old infants, infants in all three demonstration conditions showed 

significant levels of deferred imitation (No Change condition: t (17) = 2.59, p = 0.019; 

Background Change condition: t (16) = 2.79, p=0.013; Experimenter Change )DL 

condition: t (17) = 2.59, p = 0.019). Neither a change of background, nor a change of 

experimenter affected 9-month-old infants' memory retrieval in a deferred imitation task. 

To explore whether there were age-related changes in the influence of a change of 

social context on memory retrieval in the deferred imitation task, the mean numbers of 

actions produced by 6- and 9-month-old infants in the Experimenter Change jDL 

condition were compared with a further independent samples t-test. Although not 

significant, there was a trend for 9-month-olds to produce more actions than 6-month- 

olds in the Experimenter Change fDL condition (t (22) = 1.95, p=0.06). Thus, there is 

an indication that the influence of social context on memory retrieval may decline 

between 6- and 9-months, but this conclusion is presently tentative. 
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Before these results can be interpreted further, it is necessary to further explore 

two aspects of the data. First, did 9-month-old infants succeed in the Experimenter 

Change JDL condition because they relied on the distinctive visual surround to provide an 

alternate source of retrieval cues, or because they were able to retrieve memory for the 

puppet task without any local cues? This question was addressed in Experiment 3b. 

Second, why did 6-month-old infants fail to imitate the target actions in the Experimenter 

Change fDL group? This issue was further probed in Experiment 3c. 

4.2.2. Experiment 3b: A change of both background and experimenter 

To examine whether 9-month-old infants used the distinctive background as an 

alternate source of retrieval cues in the Experimenter Change fDL condition, an 

additional group of infants were tested in an Experimenter and Background Change 

condition. If 9-month-old infants were using the background as an alternate retrieval cue 

when the demonstrating experimenter was absent in the test session, they should fail to 

show evidence' of memory retrieval when both the experimenter and background were 

switched between the learning and test sessions. 

4.2.2.1. Participants 

Twelve 9-month-old (6 female and 6 male) infants were recruited in the same way 

as for Experiment 3a. Testing was discontinued on 2 additional infants who were 

excessively fussy or cried during testing. Infants were all Caucasian. 

4.2.2.2. Apparatus, stimuli and procedure 
Infants were tested in the same way as infants in the Experimenter Change JDL group, 

with the exception that the bright background material was changed between the 

demonstration and test sessions. 

4.2.2.3. Results and Discussion 

The analysis strategy below follows that used in Experiment 3a. Test sessions 
were coded in exactly the same way as for Experiment 3. A 2nd independent observer 
scored a randomly chosen 50% of the sessions. A Pearson product-moment correlation 
yielded an inter-observer reliability coefficient of 1.00. 
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Given the small number of participants, and Experiment 3a's findings that the 

gender of the infant, the particular experimenter who ran the demonstration or test 

sessions, and the particular background used during the test session did not affect 

performance, these variables were not analysed in the present Experiment. 

Infants exhibited a mean latency of 6.3 seconds (SE = 3.2s) to touch the puppet 

(see Figure 4.2). An examination of Figure 4.2 reveals that this latency is comparable 

with those in other conditions from Experiment 3a. Thus, 9-month-old infants were 

quick to interact with the target stimulus, even after to changes in social and local 

physical context. 

Infants in the Experimenter and Background Change group produced an average 

of 1.08 actions (SE = 0.26; presented in Table 4.1 for comparison). The patterns of 

performance of individual infants making up the mean score are presented in Table 4.2 

for comparison. The mean score of the Experimenter and Background Change group was 

significantly greater than the mean score of infants in the Baseline condition (taken from 

Experiment 3a: t (19) = 2.97, p = 0.01). Nine-month-old infants were, therefore, able to 

retrieve their memories for the deferred imitation task in the absence of both the 

experimenter and the distinctive background present during the demonstration session. It 

thus seems unlikely that 9-month-olds succeeded in the Experimenter Change fDL 

condition in Experiment 3a by relying on the distinctive physical context. Rather, by 9- 

months of age infants do not require congruency in either local physical or social context 

to access their memory in the deferred imitation task. 

4.2.3. Experiment 3c: The effect of location of familiarisation with the experimenter 

By 9-months, infants appear to be able to retrieve their memories across changes 

in both social and local physical context. However, younger infants may be more 

constrained by contextual congruency between encoding and retrieval: in Experiment 3a, 

memory retrieval was precluded by a change of social context for 6-month-old infants. 

This inability to retrieve memory across a change in experimenter is especially interesting 

as infants were given the opportunity to form an association between the two 

experimenters during both the familiarisation session and the retention interval. Research 

with animals shows that when two stimuli are concurrently active in memory, they are 

111 



likely to be associated together (Dwyer, Mackintosh & Boakes, 1998; reviewed by Hall, 

1996). Studies with human infants have demonstrated that 6-month-olds can form an 

association between two objects, which can later cue retrieval (Barr, Marrot & Rovee- 

Collier, 2003; Campanella & Rovee-Collier, 2005). For example, Barr et al (2003) 

exposed infants to puppet A and puppet B in a distinctive context for an hour a day for a 

week. Subsequently, infants saw a sequence of actions demonstrated with puppet A. 

Infants that had received the pre-exposure to the two puppets exhibited deferred imitation 

with puppet B, whereas infants who had been pre-exposed to the puppets at different 

times of day did not. Presumably, associating puppets A and B meant that puppet B 

activated the representation of puppet A during the test session, in turn cuing memory for 

the target actions 

Given that just 2 minutes of exposure has been sufficient for the formation of an 

association in previous research (Cuevas, Rovee-Collier, & Learmonth, 2007), and that in 

Experiment 3a the experimenters were encountered together for 15 minutes prior to the 

test (5 minutes prior to the demonstration, and 10 minutes during the retention interval), it 

is surprising that 6-month-old infants did not benefit from the opportunity to form an 

association between the experimenters in the present study. Six-month-old infants 

experience difficulty, however, in transferring their knowledge from one physical 

environment to another (Chapter 3; Hartshorn et al., 1998b; Hayne et al., 2000). It is 

possible that infants were unable to use the association between the experimenters to cue 

retrieval in Experiment 3a because the association was formed in a different room to that 

in which the deferred imitation task was carried out. In Experiment 3c a group of infants 

were tested in an Experimenter Change condition, in which they received equivalent 

exposure to the two experimenters in the testing road. If infants are unable to form an 

association between the two experimenters, or an association is insufficient to support 

retrieval, this manipulation should have no facilitative effect on memory. However, if 

infants are able to form an association between the two experimenters that promotes 

retrieval of memory for the target actions, this association is more likely to be available to 

infants when it is encoded in the environment in which the deferred imitation session 

takes place. Thus, retrieval may be facilitated when the two experimenters are 

encountered in the testing environment prior to the test session. 
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4.2.3.1. Participants 

Twelve 6-month-old infants (6 female and 6 male) were recruited in the same way 

as for Experiment 3a. Testing was discontinued on 3 additional infants who were 

excessively fussy or cried during testing. In addition, during testing it emerged that one 

additional infant had undergone complications at birth, and the data for this infant was 

also removed. Infants were all Caucasian. 

4.2.3.2. Apparatus, stinudi and procedure 
These were identical to that used with the Experimenter Change JDL group in 

Experiment 3a, except that for the Experimenter Change fSL group, parents and infants 

participated in the usual greeting and consent phase of the study with both experimenters 

in the Experimental Room rather than in the Reception Room. After approximately 5 

minutes had elapsed, the second experimenter left the room and the first experimenter 
began the demonstration session. As in all other conditions, infants returned to the 

Reception Room for the duration of the retention interval, during which time they 

interacted with both experimenters. Only the second experimenter was present during the 

test session. Thus, the only difference between the procedures employed for infants in 

the Experimenter Change JSL andjDL groups was whether the initial 5-minute exposure 

session to the two experimenters took place in the same location as the deferred imitation 

paradigm (fSL), or in a different location (fDL). 

4.2.3.3. Results and Discussion 

The analysis strategy below follows that used in Experiment 3a. Test sessions 

were coded in exactly the same way as for Experiment 3a. A 2nd independent observer 

scored a randomly chosen 50% of the sessions. A Pearson product-moment correlation 

yielded an inter-observer reliability coefficient of 1.00. 

Given the small number of participants, and Experiment 3a's findings that the 

gender of the infant, the particular experimenter who ran the demonstration or test 

sessions, and the particular background used during the test session did not affect 

performance, these variables were not analysed in the present Experiment. 
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Infants exhibited a mean latency of 9.2 seconds (SE = 3.2s) to touch the puppet 

Examination of Figure 4.2 reveals that this latency is comparable to those in other 

conditions. 

Infants in the Experimenter Change JSL group produced an average of 1.17 

actions (SE = 0.24; presented in Table 4.1 for comparison). The patterns of performance 

of individual infants making up the mean score are presented in Table 4.2 for 

comparison. Infants in the Experimenter Change fSL condition showed significant levels 

of imitation compared to the Baseline condition in Experiment 3a (t (12) = 4.303, p< 

0.001), indicating memory for the target actions. In order to ascertain whether the 

location in which infants were familiarised with the two experimenters had a significant 

impact on imitation of the target actions, the number of target actions produced by 6- 

month-old infants in the Experimenter Change JSL (present experiment) and fDL 

(Experiment 3a) conditions were compared with a further two-tailed independent-samples 

t-test. This revealed that infants in the Experimenter Change JSL condition produced 

significantly more target actions than infants in the Experimenter Change fDL condition 

(t (18) = 3.351, p=0.004). 
Thus, 6-month-old infants who were exposed to both experimenters in the 

deferred imitation location demonstrated evidence of memory retrieval across a change of 

experimenter, whereas infants who received the same exposure period in an alternate 
location did not. Infants in the Experimenter Change JSL condition may have been able 

to retrieve their memory for the association between the experimenters during the test 

session, and use that association to cue memory of the target actions. 

4.2.4. Discussion of Experiment 3 

In Experiment 3,6- and 9-month-old infants remembered and imitated a sequence 

of target actions over a ten-minute delay when the demonstration and test sessions were 

conducted by the same experimenter. Similarly, a change in the colour and pattern of a 
distinctive visual surround between encoding and retrieval had no effect on memory. 
These findings provide converging evidence that local physical context does not provide 

essential retrieval cues for 6- and 9-month-old infants in a deferred imitation task 

(Learmonth et al., 2004). 
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In contrast, when 6-month-old infants were tested by a different experimenter, 

retention was only seen when both experimenters had previously been encountered in the 

location of testing (Experiment 3c). The ability to remember in the presence of different 

people is, therefore, relatively fragile at 6-months. This does not appear to be the case for 

older infants. For example, in Experiment 3b, 9-month-old infants showed evidence of 
imitation when both the background and the experimenter were changed, demonstrating a 

strong ability to retrieve memories across changes in local features of the test setting. 
Thus, there appear to be age-related changes in the influence of a change of social context 

on performance in the deferred imitation paradigm between 6- and 9-months. 

Further pursuing the effect of social context on memory retrieval in 6- and 9- 

month-old infants may reveal more about the nature of the development of contextual 
influences on memory. One way to do this is to assess memory retrieval with another 

paradigm. A recognition memory measure may be particularly suitable, because previous 

work with infants has demonstrated that recognition memory measured by preferential 
looking tasks is influenced by social factors during learning (e. g., Cleveland & Striano, 

2006). Exploring the effect of social context on recognition memory may provide useful 
information about the role of social cues during memory retrieval. 

4.3. Experiment 4: The effect of a change of social context on recognition memory 
Experiment 4 explored the role of social context in recognition memory in 6- and 

9-month-old infants. To allow the findings of Experiment 4 to be integrated with those of 
Experiment 3, a modified version of the VPC was used, which will be termed the puppet- 

VPC (Gross, Hayne, Herbert & Sowerby, 2002). In the puppet-VPC, the `familiarisation' 

period was identical to the demonstration session of the deferred imitation task. During 

the test session, recognition memory for the demonstration puppet was measured by 

presenting the infant with a familiar and a novel puppet. Behaviour was interpreted in the 

same way as the standard VPC paradigm (as in Chapter 3). In the original study to use 

this procedure (Gross et al., 2002), 6-month-old infants showed no preference for either 

puppet when they were presented on a display apparatus, which in the VPC is typically 

interpreted as reflecting the absence of recognition memory. The authors argue that this 

reflects differences between the types of memory measured by the VPC and deferred 

115 



imitation tasks, as the. same infants later produced the target actions when allowed to 

interact with the puppet. However, it may be that the infants simply failed to recognise 

the puppet in the VPC task because the experimenter was absent. When the experimenter 

later held the puppet for the deferred imitation test, memory was cued and the infants 

were able to retrieve their memory for the target actions. 7 If this is the case, testing 

infants with the puppets in the presence of the experimenter should reveal evidence of 

memory retrieval. Alternatively, if the disparity results from differences in the types of 

memory tapped by the two paradigms, the presence of the experimenter may have no 

effect on memory retrieval in the VPC. 

The present study used the puppet-VPC with 6- and 9-month-old infants. In the 

With Experimenter condition, the two puppets were presented at test by the experimenter, 

who held them just out of the infant's reach. In the Without Experimenter condition, the 

puppets were presented at test on a separate display apparatus. Based on the results of 

Experiment 3a, there may be age-related changes in the ability to retrieve memory, in the 

Without Experimenter condition. 

Finally, Experiment 4 pursued Gross et al. 's proposal that deferred imitation and 

VPC measures of memory retrieval can be dissociated in 6-month-old infants. A better 

understanding of the relationship between VPC and deferred imitation would enable a 

more effective integration of the findings of Experiment 3 and Experiment 4, in addition 

to providing valuable information about two paradigms that have been widely used to 

address memory-related questions in infancy. Thus, following Gross et al. (2002), 

infants in the Without Experimenter condition in the present study were allowed to 

interact with the puppet after the paired presentation session, to compare retention using 

the puppet-VPC procedure to retention in the traditional deferred imitation test. 

However, in the light of the possibility that contextual changes between the 

learning and test sessions influence memory retrieval in the puppet-VPC task, it is 

possible that infants in the Without Experimenter condition would perform differently in 

the puppet-VPC and imitation tests because the puppet-VPC test session was conducted 

7 The authors did consider and discount this possibility on the basis of a second group of infants who also 
showed a null preference despite having viewed the two puppets in the VPC test on the hands of an 
experimenter. However, in this condition the experimenter was instructed to look down and have no 
interaction with the infant. The artificiality of this condition may have been an important factor in the lack 

of recognition displayed. This is elaborated in Section 4.3.5. 
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in a context that differed more from the learning session than did the imitation test. 

Whereas the learning session involved the experimenter holding one puppet, as does the 

imitation test, the puppet-VPC test for the Without Experimenter condition involved the 

presentation of two puppets in the absence of the experimenter. To establish the 

relationship between memory retrieval in the VPC and deferred imitation tests when the 

contextual elements of the test procedures were identical, infants in the With 

Experimenter condition (where the puppet-VPC involved two puppets presented by the 

experimenter) were given a deferred imitation test with both puppets after the paired 

presentation session. This allowed a direct comparison of memory retrieval in the two 

paradigms. 

4.3.1. Participants 

Thirty-six 6-month-old infants (18 male) and thirty-six 9-month-old infants (18 

male) were recruited in the same way and by the same criteria as for Experiment 3. 

Testing was discontinued on 6 additional infants who were excessively fussy or cried 
during testing (two 6-month-old infants and one 9-month-old infant) whose parents 

attempted to draw their infants' attention toward a particular puppet during the test 

session (two 6-month-old infants), or who showed side bias during the test session (one 

9-month-old infant). Infants were Caucasian (n = 43) and Afro-Caribbean (n = 5) and 
from families of moderate to high socio-economic status. 

4.3.2. Apparatus 

The stimuli were two of the hand puppets used in Experiment 3: a grey rabbit and 

a pink mouse (30 cm in height). The particular puppet employed as the familiar stimulus 

was counterbalanced across age, gender, and experimental condition. Each puppet served 

equally as the novel and the familiar stimulus. For infants in the Without Experimenter 

condition, during the test session the puppets were presented on a cardboard display 

apparatus (92 cm x 34 cm x 58 cm), positioned such that the puppets were approximately 
60 cm in front of the infant. 
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4.3.3. General Procedure 

Infants were tested in the laboratory at a time of day that was defined by the 

caregiver as an alert/play period. Prior to the start of the study, a female experimenter 

interacted with the caregiver and the infant in the Reception Room for approximately 5 

minutes until the infant appeared comfortable with the experimenter. During this time 

informed consent was obtained from the caregiver. The remainder of the experiment was 

conducted in an Experimental Room, in which the infant was seated on their caregiver's 

lap. A warm-up phase was conducted at the start of the study as in Experiment 3 

(described in Section 4.2.1.3). 

Within each age group, infants were randomly assigned to one of two 

experimental conditions (With Experimenter or Without Experimenter), or to the Baseline 

condition (a control condition for the deferred imitation test). There were 6 male and 6 

female infants in each group. Infants in the With Experimenter and Without Experimenter 

conditions participated in a demonstration session and a puppet-VPC testing session that 

were separated by a retention interval of approximately 1 minute. This retention interval 

was chosen to reflect the typical retention interval used in VPC studies. After the puppet- 

VPC test session, both groups were given a deferred imitation test. Infants in the 

Baseline condition were tested in exactly the same procedure as infants in the Baseline 

condition in Experiment 3a (Section 4.2.1.3.2), except the duration of the retention 

interval was 2 minutes in the present study. This was to match the time interval that 

elapsed between the demonstration and deferred imitation test phases for infants in the 

With Experimenter and Without Experimenter conditions. 

4.3.3.1. Demonstration session 

The demonstration session for both experimental groups and the Baseline group 
immediately followed the warm-up phase. These were identical to that used in 

Experiment 3. After the demonstration session, the infant remained seated in the test 

room for a 1-minute retention interval whilst the experimenter prepared the stimuli for the 

test phase, out of the infant's line of sight. 
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4.3.3.2 Puppet- VPC Test 

During the puppet-VPC test session, infants in the two experimental groups were 

presented simultaneously with the puppet used during the demonstration session, and the 

second, unfamiliar puppet. Infants' eye movements were recorded by a camera 

positioned centrally above the puppets. The puppets were displayed to the infant for 60 

seconds. In all three conditions, the left-right orientation of the puppets was 

counterbalanced such that half the infants in each group saw the familiar puppet on the 

left side, and half the infants saw the familiar puppet on the right side. The way in which 

the puppets were displayed to the infant differed between conditions (Figure 4.4). 

Figure 4.4. Presentation of the novel and familiar puppets in the With Experimenter (left) and Without 
Experimenter (right) conditions of Experiment 4. 

In the Without Experimenter condition, the puppets were presented on a cardboard 

display apparatus just out of reach of the infant. The experimenter was hidden from the 

infant for the duration of the test session. In the With Experimenter condition, the 

experimenter presented one puppet on her left hand, and one puppet on her right hand. 

The puppets were held just out of reach of the infant. The experimenter acted in the same 

way as during a typical test session for the deferred imitation task. She maintained her 

head and eyes in a forward looking pose during the entire testing session, to minimise the 

possibility that the infant's attention was not drawn to either puppet by social cues from 

the experimenter. The experimenter maintained a mildly positive expression throughout 
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the test session in order that the infant would not be discouraged from paying attention to 

the puppets by induced negative affect. However, the experimenter did not respond to 

any attempts to initiate interaction on the part of the infant. 

4.3.3.3. Deferred Incitation test 

For infants in the Baseline condition, and the Without Experimenter condition, at 
the end of the test session the familiar puppet was presented to the infant in the same 

manner as for the imitation test used in Experiment 3. Infants in the With Experimenter 

condition were presented with both the familiar and novel puppets, one on each hand of 
the experimenter, but otherwise the procedures used were the same as for the other two 

groups. 

4.3.4. Results 

4.3.4.1. Coding the puppet- VPC test 
Infants' eye movements during the puppet-VPC test session were coded offline 

using frame-by-frame analysis of the video recordings. For each 40 ms frame of the test 

session, the location at which the infant was looking was coded as either the left-hand 

puppet, the right-hand puppet, the experimenter (if present) or `elsewhere' (defined as 
looking at anything other than the puppets, or the experimenter). A second observer 

coded 50% of the video recordings; a Pearson product-moment correlation across all 

measures of looking time (to the experimenter, each puppet and elsewhere) yielded an 
inter-observer reliability coefficient of 0.96. Where discrepancies arose, the score from 

the first coder was accepted. After the video had been coded, the lateral position of the 
familiar puppet was looked up in the testing record, and scores were calculated to 

produce a measure of the duration of time each individual infant spent looking at the 

novel and familiar stimuli, the experimenter, or elsewhere (Figure 4.5 and 4.6). 
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Figure 4.5. Patterns of looking of 6-month-old infants in the puppet-VPC tests in Experiment 4. 
The mean time 6-month-old infants spent looking at the familiar and novel stimuli, the experimenter, or 
elsewhere, in the test sessions of the Without Experimenter and With Experimenter conditions (n = 12 in 

each condition). Error bars indicate +/- 1 standard error. 
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Figure 4.6. Patterns of looking of 9-month-old infants in the puppet-VPC tests in Experiment 4. 
The mean time 9-month-old infants spent looking at the familiar and novel stimuli, the experimenter, or 
elsewhere, in the test sessions of the Without Experimenter and With Experimenter conditions (n = 12 in 

each condition). Error bars indicate +/- 1 standard error. 
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4.3.4.2. Coding the deferred imitation test 

Behaviour during this period was coded as for the deferred imitation test in 

Experiment 3a. For infants in the With Experimenter condition, who received two 

puppets during the deferred imitation test, behaviour was coded for each puppet. Thus, 

infants received two scores, one for the actions they produced on the familiar puppet, and 

one for the actions produced on the novel puppet. 

4.3.4.3. Analysis strategy 

The analysis strategy from Chapter 3 was used to assess the influence of social 

context on recognition memory. Looking times to the novel and familiar stimuli in the 

puppet-VPC test were converted to novelty scores. Novelty scores were first entered into 

an ANOVA, to assess differences between groups. Secondly, scores were analysed by 

comparison to the theoretical ̀ null preference' of 0.5 in a two-tailed one-sample t-test. 

This indicates whether individual groups of infants showed evidence of recognition 

memory. The results of these analyses are presented in Section 4.3.4.4 below. As 

potential differences in the importance of the experimenter to infants of different ages 

might be revealed in different patterns of looking to the experimenter during the 

demonstration and test sessions, this variable was also analysed in a similar manner. 
These results are presented in Section 4.3.4.5. 

The relationship between the puppet-VPC and deferred imitation measures of 

memory was examined by comparing novelty scores in the VPC to the number of actions 
infants produced in the deferred imitation test, according to the scoring method outlined 
in Experiment 3. These results are presented in Section 4.3.4.6 below. 

4.3.4.4. Does a change of social context influence memory retrieval in 6- and 9-nionth- 

old infants? 

Looking times were then totalled across both test periods, to examine whether the 

groups showed any differences in overall looking time to the test stimuli (Table 4.4). 
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With Experimenter Without Experimenter 
Mean total looking time (s) Mean total looking time (s) 

6-month-olds 27.29 (2.57) 29.82 (2.92) 

9-month-olds 31.23 (4.38) 24.18 (2.97) 

Table 4.4. Looking to the test stimuli in the VPC-puppet test in Experiment 4. 
The mean total looking time to the two puppets during the 60-second test session exhibited by each group 
of infants (n = 12 in each group). Standard errors are shown in parentheses. 

An Age (6- or 9-months) x Condition (With Experimenter or Without 

Experimenter) ANOVA on total looking times revealed no significant main effects, and 

no significant interaction (all p<0.05). This confirmed that infants in all groups viewed 

the test stimuli for comparable lengths of time. Mean novelty scores for each group of 

infants were then calculated (Figure 4.7). Preliminary analyses confirmed that novelty 

scores were not significantly influenced by the gender of the infant, the puppet chosen as 

the familiar stimulus or the lateral position of the familiar stimulus during the test 

session. Data were thus collapsed across these variables in further analyses. 

1 
  With Experimenter 

0.9   Without Experimenter 

0.8 

2 

6 

Age (months) 

9 

Figure 4.7. The effect of the presence of the experimenter on recognition memory in 6- and 9-nionth- 
old infants. 
The proportion of total looking time to the puppets that 6- and 9-month-old infants spent looking at the 
novel stimulus in the Without Experimenter and With Experimenter conditions (n = 12 in each group). 
An asterix indicates performance is significantly different from 0.5 (p<0.05). Error bars indicate +/- 1 
standard error. 
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To assess whether there were any differences between the preferences shown by 

different groups of infants, the novelty scores were entered into a2 Age (6- or 9-months) 

x2 Condition (With Experimenter or Without Experimenter) ANOVA. This revealed no 

main effects, but there was a significant interaction between Age and Condition (F (1,47) 

=33.117, p<0.001). Examination of Figure 4.7 reveals that 6-month-old infants spent a 

greater proportion of time looking at the novel stimulus in the Without Experimenter 

condition than they did in the With Experimenter condition. In contrast, 9-month-olds 

spent a greater proportion of time looking at the novel stimulus in the With Experimenter 

condition than in the Without Experimenter condition. Thus, the effect of a change of 

social context on recognition memory was different for 6- and 9-month-old infants. 

To establish whether any particular group recognised the familiar stimulus, the 

novelty scores for each group of infants were compared with a theoretical chance level of 
0.5. Six-month-old infants in the Without Experimenter condition did not show a 
significant preference for either stimulus (t (11) = 0.73, n. s. ), providing no evidence they 

recognised the familiar stimulus in the absence of the experimenter. In contrast, 6- 

month-old infants in the With Experimenter condition showed a significant preference for 

the familiar stimulus (indicated by a novelty score that was significantly less than 0.5; 

t (11) = 6.097, p <0.001). Nine-month-old infants also showed a significant preference 
for the familiar stimulus in the Without Experimenter condition (t (11) = 5.32, p <0.001). 
Finally, 9-month-old infants in the With Experimenter condition showed a significant 

preference for the novel stimulus (t (11) = 2.708, p=0.02). Thus, 9-month-old infants 

recognised the familiar stimulus with or without the presence of the experimenter 
(although the direction of preference shown differed between the two conditions), 
whereas the 6-month-old infants only recognised the familiar stimulus when the 

experimenter was present. 

4.3.4.5. Did 9-month-old infants look less at the experimenter during the demonstration 

or test session than 6-month-olds? 

Social context may be more important for memory retrieval for 6-month-old 
infants because they spend more time looking at the experimenter during the 
demonstration or test sessions than 9-month-old infants. To establish whether this was the 
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case in the present studies, data from the With Experimenter condition were analysed in 

terms of the mean length of time 6- and 9-month-old infants spent looking at the 

experimenter and the puppets during the demonstration and test sessions (Figures 4.8 and 

4.5/4.6). Data from the demonstration session were coded offline by frame-by-frame 

analysis of video-recordings in the same manner as data from the test sessions (described 

in Section 4.3.4.1), except that only looking to the puppet and the target actions, or to the 

experimenter, was noted. Looking times were not significantly affected by the gender of 

the infants (all p>0.05), so data were collapsed across this variable. 

70 

6 

Age (months) 

9 

Figure 4.8. Patterns of looking during the demonstration session of the puppet-N, PC test in 
Experiment 4. 
The mean duration of time 6- and 9-month-old infants spent looking at the experimenter, or at the puppets, 
during the demonstration session of the puppet-VPC task. Error bars indicate +/- I standard error. 

Two-tailed independent-samples t-tests revealed no significant differences in the 

mean duration of time 6- and 9-month-old infants spent looking at the experimenter 

during the demonstration session (t (20) = 0.726, n. s. ), or the total time spent looking at 

the demonstration as a whole (t (20) = 1.657, n. s. ). Similarly, two-tailed independent- 

samples t-tests revealed no significant difference between age groups in the length of 

time infants looked at the experimenter during the test session (t (22) = 1.71, n. s), or the 

total time infants spent looking at either the puppets or the experimenter during the test 

(t (22) = 0.73, n. s. ). 
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In order to provide comparability with the analyses above, the same question was 

also addressed by calculating the proportion of time infants spent looking at the 

experimenter or at the puppets. This was achieved by summing the total looking time to 

the puppets or experimenter, and dividing looking time to either the experimenter or the 

puppets by this sum. Again, two-tailed independent-samples t-tests indicated there were 

no significant differences in the proportion of time infants in different age groups spent 

looking at the experimenter during the demonstration (t (20) = 0.08, n. s. ) or test sessions 

(t (22) = 1.34, n. s. ). Thus, it does not seem that social context was more important to 6- 

month-olds because they look at the experimenter more during the demonstration or test 

sessions (either in absolute or relative terms) than 9-month-olds. 

4.3.4.6. What was the relationship between peiformance in the puppet- VPC and deferred 

imitation tests? 

4.3.4.6.1. The Without Experimenter Condition 

Analyses were first conducted for infants in the Without Experimenter group, to 

establish the relationship between VPC and deferred imitation performance when both 

test sessions were conducted in the standard manner (the VPC with two puppets and no 

experimenter, and the deferred imitation task with one puppet held by the experimenter). 
In this condition, after the 60 seconds of looking time had elapsed, the experimenter 

removed the familiar puppet from the cardboard display apparatus, out of sight of the 

infant, and presented it to the infant. The infant was then allowed to interact with the 

puppet for 90 seconds, as in the standard deferred imitation test. The novel puppet 

remained out of sight on the cardboard display apparatus. The number of actions each 

group produced was coded in exactly the same way as for Experiment 3a. Inter-observer 

reliability calculations produced a product moment correlation coefficient (PMCC) of 0.9 

for infants in both groups. 
The mean numbers of target actions produced by infants in the Baseline and 

Without Experimenter conditions are presented in Table 4.4, and the pattern of scores 

shown by individual infants that make up this mean are shown in Table 4.5. 
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6-month-old infants 9-nnouth-old infants 
Baseline 0.17 (0.11) 0.08 (0.08) 
Without Experimenter 1.33 (0.22) 0.83 (0.4) 
Deferred Imitation 
With Experimenter Deferred 0.75 (0.28) 0.75 (0.33) 
Imitation 

Table 4.4. Mean scores on the deferred imitation tests administered after the puppet-VPC in 
Experiment 4. ' 

The mean number of actions produced by 6-month-old and 9-month-old infants in the deferred imitation 
test administered after the puppet VPC (n = 12 in each group). Standard errors are shown in parentheses. 

Number of actions 6-month-old infants 9-month-old infants Baseline 
(familiar puppet) 
026 11 
1421 
2640 
3000 

Table 4.5. Individual performances on the deferred imitation tests administered after the 11"ithout 
Experimenter puppet-VPC in Experiment 4, and performance in the Baseline condition. 
The number of 6- and 9-month-old infants producing 0,1,2 or 3 target actions (n = 12 in each group). 
A score of 1 indicates that the infant removed the mitten, a score of 2 indicates they removed the mitten and 
either shook or replaced/attempted to replace the mitten, and a score of 3 indicates they performed all three 
actions. 

The same two-stage analysis strategy was used as in Experiment 3a. Imitation 

scores for infants in the Without Experimenter condition were entered into a one-way 
ANOVA, with Age (6- or 9-months) as the independent variable. The ANOVA indicated 

that there was no significant difference between the mean number of actions produced by 

the 6- and 9-month-old infants (F (1,23) = 2.03, n. s. ). 

To determine whether any of the test groups exhibited retention, the mean number 

of target actions produced by infants in the Without Experimenter condition was 

compared to the mean number of target actions produced by infants in the Baseline 

condition with two-tailed independent-samples t-tests. At both 6- and 9-months of age, 
infants in the Without Experimenter condition produced significantly more target actions 
than those in the Baseline condition (t (22) = 4.642, p<0.001; t (13) = 2.649, p=0: 02). 

Thus, both 6- and 9-month-old infants showed significant evidence of memory for the 

target actions when tested by the experimenter in a deferred imitation task, despite the 
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fact that when the same infants were tested in a VPC task in the absence of the 

experimenter, only the 9-month-old infants recognised the test puppet. 
Finally, the relationship between performance in the deferred imitation and VPC 

tasks was assessed for each age group, following Gross et al. (2002). First, the novelty 

scores exhibited in the VPC task, and the number of actions performed in the imitation 

test, were correlated with a Pearson product-moment correlation. No significant 

correlation was found for either the 6- (r = -0.2, n. s. ) or 9-month-old infants (r = -0.18, 
ut. s. ). Second, mean novelty scores were compared for infants who produced no actions 

and infants who produced at least one action. Again, there were no significant 
differences in either age group (6-month-olds: 1(10) = 0.43, n. s.; 9-month-olds: 1(10) _ 
1.19, n. s. ). Thus, there was no evidence of a relationship between memory expressed in 

the VPC task, and memory expressed in the deferred imitation task. 

The lack of correspondence in results from the puppet-VPC and deferred imitation 

tasks for 6-month-olds in the Without Experimenter condition replicates Gross et al. 's 

(2002) findings, and is perhaps not surprising in the light of evidence that social context 

exert strong influences over memory retrieval for this age group. The lack of correlation 
between puppet-VPC and deferred imitation performance may thus partly be driven by 

the fact that the experimenter was absent for the VPC test, and present for the deferred 

imitation test. However, if this is the case, it is intriguing that there was also no 

correlation in performance for the 9-month-old infants, who were less affected than 6- 

month-old infants by social contextual congruency between encoding and retrieval in 

Experiments 3 and 4. 

4.3.4.6.2. The With Experimenter Condition 

In order to explore further explore the relationship between VPC and deferred 

imitation measures of memory, results from infants in the With Experimenter condition 

were analysed. Infants in this group received a puppet-VPC and deferred imitation test 

that were both conducted by the demonstrating experimenter. Furthermore, both 

involved two puppets being displayed to infants. Thus, the degree of contextual change 
between the demonstration and test sessions was minor (going from one puppet to two 

puppets), and identical for the two tests. This was a strong test of the relationship 
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between the VPC and deferred imitation measures of memory, when both were conducted 

under highly similar conditions. 
In the With Experimenter condition, after the 60 seconds of looking time had 

elapsed, the experimenter presented both the familiar and novel puppets to the infant, and 

allowed them to interact with both puppets for 90 seconds. Behaviour was coded in 

exactly the same way as for Experiment 3. Target actions were scored the first time they 

were produced on either puppet, although the puppet upon which each target action was 

produced was also recorded (Table 4.5). Visual inspection of Table 4.5 reveals that in 

both age groups, more infants produced target actions for the first time on the familiar 

puppet than on the novel puppet. 

Number of 6-month-olds 
actions 

0 
1 

9-month-olds 

Familiar puppet Novel puppet Familiar puppet Novel puppet 

8 11 6 11 

1050 

2311 

3000 

1 

0 

Table 4.6. Individual performances on the deferred imitation tests administered after the With 
Experimenter puppet-VPC in Experiment 4. 
The number of 6- and 9-month-old infants producing 0,1,2 or 3 target actions. A score of 1 indicates that 
the infant removed the mitten, a score of 2 indicates they removed the mitten and either shook or 
replaced/attempted to replace the mitten, and a score of 3 indicates they performed all three actions. 

An imitation score was calculated for each infant by summing the number of 
target actions he or she produced during the test session, regardless of the puppet upon 

which they were produced (range 0 to 3). Infants received a score of 0 if they touched 

either puppet, but did not produce any target actions with either puppet. Inter-observer 

reliability calculations produced a PMCC of 0.92 for infants in both groups. Mean scores 
for each group were calculated on the basis of the number of target actions infants 

produced (Table 4.4). 

The same two-stage analysis strategy was used to analyse the present data as was 

used in Experiment 3. Imitation scores were first entered into a one-way ANOVA, with 
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Age (6- or 9-months) as the independent variable. Table 4.5 presents the individual 

pattern of scores that make up the mean data. The ANOVA indicated that there was no 

significant difference between the mean number of actions produced by the 6- and 9- 

month-olds (F (1,23) < 0.001, n. s. ). 

To determine whether any of the test groups exhibited retention, the mean number 

of target actions produced by infants in the With Experimenter condition was compared to 

the mean number of target actions produced by infants in the Baseline condition with 
independent-samples t-tests. At both 6- and 9-months of age, infants in the With 

Experimenter condition showed a trend towards the production of more target actions 

than infants in the Baseline condition (t (22) = 1.97, p =0.06; t (22) = 1.94, p=0.06), but 

neither reached conventional levels of significance. This indicates that when both 6- and 

9-month-old infants were presented with two puppets, they only showed marginal 

evidence of deferred imitation. In contrast, the same groups of infants did show evidence 

of recognition memory for the familiar puppet when this was assessed through a VPC test 

under highly similar conditions. Again, this suggests there is a dissociation between 

measures of memory provided by the VPC and deferred imitation tasks. 

Finally, the relationship between performance in the deferred imitation and 

puppet-VPC tasks was assessed for each age group. First, the novelty scores exhibited in 

the puppet-VPC task, and the number of actions performed in the imitation test, were 

correlated with a PMCC. No significant correlation was found for either the 

6- (rs = -0.04, n. s. ) or 9-month-old infants (rs = -0.167, n. s. ). Second, mean novelty 

scores were compared for infants who produced no actions and infants who produced at 
least one action. Again, there were no significant differences in either age group (6- 

month-olds: t (10) = 0.68, p=0.515; 9-month-olds: t (10) = 0.93, p =0.378). Thus, there 

was no evidence of a relationship between memory expressed in the puppet-VPC task, 

and memory expressed in the deferred imitation task. 
Taken together, the results of the With Experimenter and Without Experimenter 

conditions indicate that differences in performance between the puppet-VPC and deferred 

imitation measures of memory are not solely driven by differences in the role of social 

context in the two test sessions. 
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4.3.5. Experiment 4 Discussion 

In Experiment 4,6-month-old infants showed no evidence of recognition memory 

when the stimuli were presented in the absence of the experimenter. This result replicates 

Gross et al., (2002). In contrast, 9-month-old infants did show evidence of recognition 

for the puppet in the absence of the experimenter. This recognition manifested as a 

familiarity preference. Intriguingly, the 9-month-old infants showed a similar pattern of 

behaviour in the present study as the 12- and 18-month-old infants in Chapter 3, in that 

they showed novelty preferences in the With ExperimenterlNo Change condition and 

familiarity preferences in the Without Experimenter/Room Change conditions 

respectively. The same explanation can be applied here: when the experimenter was 

present during retrieval, 9-month-olds had a good memory for the familiar puppet, and 

were thus interested in visually exploring the novel puppet. In contrast,, when the 

experimenter was absent during retrieval, the change in context between encoding and 

retrieval caused a mismatch between the contents of memory and the external input, 

driving a preference for the familiar stimulus. 

Intriguingly, the 6-month-old infants showed a familiarity preference in the With 

Experimenter condition. The demonstration session of the puppet task may not have 

been long enough for 6-month-old infants to become completely habituated to the puppet. 
In this case, a drive to complete the partial representation of the familiar stimulus may 
have produced the familiarity preference shown by 6-month-old infants in the With 

Experimenter condition. Nine-month-old infants may learn more quickly in this task, 

forming a stronger representation of the familiar puppet that drives a novelty preference 
during the test session. Indeed, 6-month-old infants require 6 demonstrations of the 

target actions to show memory over a 24-hour retention interval (Barr et al., 1996), 

whereas 9-month-old infants only require three (Learmonth et al., 2004). Age-related 

changes in the ability to retrieve memory for the puppet task in the absence of the 

experimenter may be related to the strength of memory for the puppet itself. When 

strong, memory persists across an experimenter change; when weak, additional retrieval 

cues are required from the experimenter. Notably, any change in the strength of the 

representation of the puppet is not due to differences in the length of time infants of 
different ages looked at the puppet during the demonstration session (Section 4.3.4.5). 
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In contrast to the present results, Gross et al. (2002) did not find a significant 

preference when 6-month-old infants were tested by the experimenter. In Gross et al. 's 

study, the experimenter `lowered her head, breaking all eye contact with the infant', 

`extended her arms' and presented the puppets to the infant, moving them `forwards and 

backwards at a constant rate' (p 189). It is debatable whether this condition preserves the 

social context of the learning session, during which the infant can see the experimenter's 

face, and where eye-contact is frequently made. As faces are particularly salient to 

infants (reviewed by Slater & Quinn, 2001), it is possible that facial cues are an important 

component of social context. Indeed, Experiment 3a demonstrated that the identity of the 

experimenter had an important influence on memory retrieval for 6-month-old infants. 

Gaze aversion alone can have a negative impact on face recognition for children (Smith, 

Hood & Hector, 2006) and infants (Farroni, Massaccesi, Menon, & Johnson, 2007). It is 

possible that when the experimenter lowered her head and broke eye contact with infants 

in Gross et al. 's study, this changed the social context of the task sufficiently for memory 

retrieval to be precluded for 6-month-old infants. The precise elements of the 

experimenter's behaviour that are critical for memory retrieval in 6-month-old infants 

require further investigation. 

Finally, Experiment 4 found further evidence for the proposition that performance 

on deferred imitation and VPC measures can be dissociated (Gross et al., 2002). Even 

when the stimuli and procedures employed in the VPC and deferred imitation tests were 

almost identical, there was no correlation between the performance of individual infants 

on the measures taken to reflect memory retrieval in the two tasks. 
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4.4. General Discussion 

The present study explored the role of physical and social context on memory 

retrieval in 6- and 9-month-old infants. Although a change of distinctive background did 

not influence memory retrieval for 6- or 9-month-old infants in a deferred imitation task, 

a change of social context precluded memory retrieval for 6-month-old infants in both a 

VPC and deferred imitation task. However, for 9-month-olds, memory was not precluded 

by a change of social context in either procedure. This was not because 9-month-olds 

spent less time than 6-month-old infants looking at the experimenter during the learning 

or test sessions. Nine-month-old infants expressed memory differently across a change of 

social context in the VPC task, confirming that they encoded the experimenter in 

memory. Further, the fact that a change of social context precluded memory retrieval for 

6-month-old infants in both the puppet-VPC (Experiment 4) and deferred imitation tasks 

(Experiment 3a) suggests that social context has a particularly pervasive influence on 

memory retrieval in infancy. That there was no correlation between scores on the VPC 

and deferred imitation tasks indicates this does not reflect the effect of social context on a 

third variable that links the two procedures. Furthermore, the fact that 9-month-old 

infants showed evidence of memory across a change in social context in both paradigms 

provides converging evidence that there are important changes in the role of social 

context in memory retrieval between 6- and 9-months. Converging evidence from two 

paradigms suggests that social context exerts an important but decreasing influence on 

memory retrieval over the first year of life. These results raise several issues, which will 

be discussed below. 

4.4.1. Why does local physical context appear to be unimportant in the deferred 

incitation paradigm? 

In the present study, a change of distinctive visual background did not influence 

memory retrieval in 6- or 9-month-old infants. Similarly, Learmonth et al. (2004) found 

that 6- and 9-month-old infants were able to retrieve their memories across a change in 

the colour and pattern of a distinctive mat upon which they were seated. Thus, there is 

converging evidence that memory retrieval in the deferred imitation task is not dependent 
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on local physical cues, even when those cues provide a brightly coloured background that 

is in the infant's line of sight at all times whilst they are participating in the deferred 

imitation task. 

Why is the deferred imitation paradigm less sensitive to a change of local physical 

context than the VPC or mobile tasks? Contrary to our original hypothesis, the 

positioning of the local physical context in relation to the stimulus does not seem to be a 
determining factor. Rather, in the light of the results of Experiment 4, it seems likely that 

the salience of the experimenter in the deferred imitation task used by Learmonth et al. 
(2005) and in the present study overshadowed local physical cues such as a distinctive 

visual background for 6-month-old infants (Learmonth et al., 2004). In paradigms such 

as the standard version of the VPC, or the mobile task, the background or the crib liner is 

unlikely to be overshadowed because it is the only contextual feature close to the target 

object. If different types of `context' have different effects on retrieval in different 

paradigms used to assess infant memory, it is important to qualify conclusions about the 

role of `context' in `infant memory' (e. g., Amabile & Rovee-Collier, 1991; Boller & 

Rovee-Collier, 1992; Boller, Rovee-Collier, Gulya & Prete, 1996; Borovsky & Rovee- 

Collier, 1990; Butler & Rovee-Collier, 1989; Hartshorn et al., 1997,1998b; Rovee- 

Collier et al., 1985). 

4.4.2. Can pei formance explanations account for the effects of social content? 

Learmonth et al. (2005) argue that a change of experimenter precludes memory 

retrieval because infants show ̀ social neophobia'. Indeed, their findings show that a 

wholly novel experimenter impedes infants' ability to retrieve memory for a deferred 

imitation task, and a five-minute familiarisation period can offset this effect. This 

accords with research on stranger wariness (e. g., Rheingold & Eckerman, 1973), which 
indicates that a short period of familiarisation with an experimenter is required to 

attenuate stranger fear. Thus, the familiarity of the experimenter is important in ensuring 
that infants are able to express their memories. However, the familiarity of the 

experimenter cannot account for the influence of social context in the present study. In 

Experiment 3,6-month-old infants were unable to retrieve memory across a change in 

experimenter when they had previously encountered that experimenter for a total of 15 
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minutes prior to the test session, unless 5 minutes of that encounter occurred in the testing 

room. Although it could be argued that infants did not view the second experimenter as 

familiar when they had previously encountered in them in a different room, this seems 

unlikely, as there was no significant difference in latency to interact with the puppet in 

the two conditions, and stranger wariness is defined as "the tendency to inhibit approach 

or to avoid novel objects and persons" (Sroufe, 1977, p. 732). Furthermore, stranger 

wariness increases between 6- and 9-months (e. g., Emde et al., 1976; Waters et al., 
1975), whereas in the present study the effect of a change of experimenter on memory 

retrieval decreased across the same age range. This makes it unlikely that the two are 
directly related. Finally, social neophobia cannot account for the results of Experiment 4, 

in which 6-month-old infants did not show evidence of memory retrieval in the absence 

of the experimenter. Thus, whereas the familiarity of the experimenter may play a role in 

memory retrieval, it cannot account for all the influences social context exerts on 

retrieval. 

Could social context be important because the infant is responding to subtle cues 
from the experimenter (sometimes termed the' observer-expectancy' effect)? The 

phenomenon of Clever Hans, the horse who could count, was debunked when a different 

experimenter tested the horse's prowess. When the horse's trainer was not present, the 
horse could no longer respond to the arithmetic questions posed (Pfungst, 1965). 

Although it is important to consider the unconscious signals the experimenter may 

provide in any study, the present results cannot be explained in this manner. If the 

experimenter was unconsciously reinforcing looking behaviour during the puppet-VPC 
task, it seems unlikely that her actions would produce a preference for the familiar puppet 
in 6-month-old infants, but a preference for the novel puppet in 9-month-olds. 
Furthermore, four different experimenters were involved in Experiment 3, and 
preliminary data analyses confirmed that performance did not differ between 

experimenters. Two of these experimenters were novices at the start of the study, and 
two were experienced with the puppet task. If subtle cues influence performance, it 

might be expected that different experimenters would influence behaviour to different 

extents. This was not the case. Finally, 9-month-old infants were able to recognise the 

puppet in the absence of the experimenter. Thus, even if 6-month-old infants required 
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influence from the experimenter to show a preference for one of the stimuli, by 9-months 

infants are not constrained by this requirement, still indicating age-related changes in the 

importance of the experimenter during memory retrieval. 

4.4.3. Social context influences memory retrieval 
By the logic of the Encoding Specificity Principle (ESP; Tulving & Thompson, 

1973), it appears that both 6- and 9-month-old infants encoded details of the experimenter 
into their memory representations, and associated memory for the experimenter with 

memory for the puppet (Experiment 4). This provides further evidence that social 
information plays an important role in learning and memory in the infancy period (e. g., 
Bigelow & Birch, 1999; Bornstein et al., 2004; Cleveland & Striano, 2004,2007). 

However, the presence of the same experimenter during the learning and test sessions 

was more important for memory retrieval for the 6- than the 9-month-old infants in both 

paradigms used, indicating that there are broad age-related improvements in 

generalisation across a change of social context during the first year of life. Thus, age- 

related changes in contextual influences on memory retrieval are not restricted to physical 

context features, but also extend to the social domain. Indeed, social context may be so 

salient that it overshadows other contextual features, such as a distinctive background 

(Section 4.4.1). The present study shows that with age, social context exerts a smaller 
influence over memory retrieval, such that infants are more likely to remember what 

someone has taught them when that person is absent. 

4.4.3. Why did the location in which the two a perimenters were encountered influence 

memory retrieval in 6-month-old infants? 

Experiments 3 and 4 provide converging evidence that 6-month-old infants 

require an activated representation of the demonstrating experimenter to retrieve their 

memory for the puppet or the puppet task. However, the results of Experiment 3b 

suggest that this activated representation can be provided by a memory of the 
demonstrating experimenter, and not just her physical presence (as is the case for other 
stimuli in previous research: Barr, Viera & Rovee-Collier, 2001,2002; Barr et al., 2003; 
Campanella & Rovee-Collier, 2005; Cuevas et al., 2007). In the present study, infants 
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may have formed an association between the experimenters during the initial encounter. 
When this encounter occurred in the location of testing (the Experimenter Change JSL 

condition), the test experimenter later cued retrieval of memory for the first experimenter, 

rendering memory for the target actions accessible. As memory in 6-month-old infants is 

constrained by aspects of the global environment (Hartshorn et al., 1998b; Hayne et al., 
2000; Chapter 3), this association may not have been available to infants when they were 
tested in a different location (Experimenter ChangeJDL), rendering them unable to 

retrieve their memories for the target actions. 
By showing that infants can form and utilise an association between two 

experimenters, the present study adds to previous evidence that infants can associate 

together physical objects such as two puppets (Barr et al., 2003), a puppet and the train 

task (Barr et al., 2001), or a mobile and a distinctive context (Cuevas et al., 2007), and 

use such associations to provide retrieval cues. Seemingly, memory retrieval in infancy 

requires the activation of the representations of multiple retrieval cues that were present 
during learning, but those representations do not have to be activated by physically 

present stimuli. Rather, they can be activated by association to physically present stimuli, 

provided the memory for the association itself can be retrieved. Thus, 6-month-old 

infants are able to transfer their knowledge across context changes, provided they have an 

opportunity to form associations between the cues present during learning and retrieval in 

the location of testing (Cuevas et al., 2007). 

The studies in this Chapter reveal that the influence of a change of social 

contextual information decreases over the first year of life, as does the influence of a 

change of global physical context (Chapter 3). By 12-months, infants require little 

extrinsic contextual support for memory retrieval. The next Chapter explores the role of 
details of the central stimulus (intrinsic context) in memory in 12-month-old infants. 
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Chapter 5: Investigating the factors that facilitate generalisation across 

a form change in 12-month-old infants 

5.1. Introduction 

The aim of this study was to investigate the factors that influence generalisation across 

changes in features of the stimulus (intrinsic context), at the end of the first year of life. 

5.1.1. Facilitating generalisation in in fancy 

Although infants readily generalise across changes in social and physical extrinsic 

context by the age of 12-months, the ability to generalise across a stimulus change 

remains limited in this age group (Butler & Rovee-Collier, 1989; Hayne et al., 1997; 

Herbert & Hayne, 2000b; Hill et al., 1988; Learmonth et al., 2004). Factors that facilitate 

stimulus generalisation in 12-month-olds may have a particularly large effect on their 

ability to use their experiences to guide future behaviour. Identifying such factors may 

reveal the parameters that control the influence of stimulus features on memory retrieval 

in infancy. 

Little is known about facilitating generalisation in 12-month-old infants. A range 

of manipulations are known to facilitate generalisation for 3- and 6-month-old infants, 

such as exposing infants to more than one stimulus during learning (Muzzio & Rovee- 

Collier, 1996), or pre-exposing infants to the demonstration and test stimuli before the 

demonstration session (Barr et al., 2003; Campanella & Rovee-Collier, 2005). However, 

these manipulations have not been tested with older infants. One experience that is 

effective in facilitating generalisation in a deferred imitation task for 12- and 18-month- 

old infants is the opportunity to practice the actions immediately after learning (Hayne, 

Barr & Herbert, 2003; Learmonth et al 2004). Thus, physical experience of the target 

actions during the learning session facilitates the subsequent generalisation of those 

actions to a related stimulus. However, infants may not always have the opportunity to 

learn through practice. Furthermore, tasks involving motor practice may utilise 

additional, or different, brain systems in memory processing (reviewed by Squire, 2004). 

Only one manipulation is known to facilitate generalisation in the absence of 

physical practice for infants older than 6-months. Verbal cues during retrieval facilitate 
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generalisation for 24-month-old infants, but not for 18-month-old infants (Herbert & 

Hayne, 2000a). Thus, verbal cues may help infants to apply their previous experiences to 

a novel stimulus, but not until between 18- and 24-months. No studies have been 

conducted into facilitation of generalisation in purely observational learning paradigms 

with infants aged between 6- and 18-months, leaving a large gap in knowledge about the 

factors controlling generalisation in infancy. 

5.1.2. The present study 

The present study explored a series of variables that might facilitate generalisation 

across a stimulus change in 12-month-old infants in the absence of physical experience 

during learning. The puppet deferred imitation task is ideally suited to addressing this 

question, because 12-month-old infants show evidence of memory in this task when 

learning occurs through observation alone. Furthermore, previous research with the 

puppet task indicates that 12-month-old infants can generalise across a change in stimulus 

colour, but not a change in stimulus form, over a ten-minute delay (Hayne et al., 2000), 

raising the possibility that generalisation across a change of form could be facilitated for 

this age group. Importantly, this change in form involves a perceptual change that does 

not alter the appearance or operation of the functional parts of the stimulus. In 

Experiment 5, manipulations were chosen that had been successful in promoting 

generalisation in different tasks, or with different age groups. Experiment 6 assessed the 

role of extrinsic contextual information in generalisation across a form change. 

5.2. Experiment 5: Variations in the encoding session 

The stimulus change used in this Experiment was a change in the form of the 

puppet used in the puppet task (Figure 5.1). Groups of 12-month-old infants were given 

increased or more varied learning experiences during the demonstration session, to 

establish whether generalisation across a form change could be facilitated. Performance 

was compared with that of a group of infants tested with the learning stimulus, the 2A 

group. 
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Figure 5.1. The grey rabbit and the grey mouse, an example of the form change employed in 
Experiments 5 and 6a. 

5.2.1. More opportunities to learn: Massed (4A) or distributed (2A-2A) learning 

Increasing the number of repetitions of the target actions within the demonstration 

session influences retention duration for 6-month-old infants (Barr et al., 1996), and 

ordered recall after a long delay for 9-month-old infants (Bauer, Wiebe, Waters & 

Bangstom, 2001). Thus, the 4A condition was designed to assess whether doubling the 

number of demonstrations of the target actions (from two to four) would facilitate 12- 

month-old infants' generalisation. If doubling the number of demonstrations facilitated 

generalisation, this might imply that trace strength is an important variable in determining 

generalisation in infancy. 

Increasing the number of demonstrations may, however, result in the infants 

becoming disinterested in (or habituating to) the target actions. The spacing of 

demonstrations within the session therefore also needs to be considered. In variability 

training with the mobile task, for example, the timing of exposure is important in 

facilitating generalisation (Merriman, Rovee-Collier & Wilk, 1997). In this study, having 

a gap between the two training sessions allowed variability training to be effective for 3- 

month-old infants after a 24-hour delay. When the same amount of training was provided 

continuously without a break, infants showed no generalisation. Including a gap half way 

through the demonstration session may also impact on generalisation in the deferred 

imitation task. The shorter learning session (30 seconds for two demonstrations in the 

deferred imitation task; 18 minutes of training in the mobile task for 3-month-olds), and 
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shorter retention interval (ten minutes), in the present study resulted in the use of a brief 

pause halfway through the demonstration session. Thus, infants in the 2A-2A condition 

saw two sets of two demonstrations, separated by a 10-second pause. This might redraw 

infants' attention to the puppet, potentially facilitating learning and generalisation. 

Again, successful facilitation may imply a role for memory strength in generalisation. 

5.2.2. Variability training: Colour variation (2A'2A) or Form and colour variation 
(2Y2A) 

Variability training (training with more than one stimulus) effectively promotes 

generalisation across a cue change for 6-month-old infants in the mobile task (Muzzio & 

Rovee-Collier, 1996; Shields & Rovee-Collier, 1992). If the effects of variability training 

are not dependent on physical experience, then this procedure might facilitate 

generalisation by 12-month-olds. In the 2A'2A variability training group, infants saw two 

demonstrations with each of two puppets that were of the same form but different 

colours. Infants were tested with a puppet that was a different form but the same colour 

to the second demonstration puppet, as for infants in the 2A, 2A-2A and 4A conditions. 

Twelve-month-old infants in the 2A'2A condition might be able to use their ability to 

generalise across a colour change (Hayne et al., 1997) to form a `puppet' category during 

learning, helping them to generalise more readily across a form change. 

However, exposing infants to two puppets of the same form during the 

demonstration session may encourage infants to focus on this dimension, reducing their 

ability to generalise across a form change. Thus, infants in the 2Y2A condition saw two 

demonstrations with each of two puppets that were of different forms and different 

colours. Infants were tested with a puppet that was of a different form to, but the same 

colour as, the second demonstration puppet, as in the 2A'2A condition. This may 

encourage infants to focus on a dimension other than the form of the puppet, thus 

facilitating generalisation to the third puppet during the test session. Indeed, increasing 

the perceptual variability of a stimulus set can facilitate generalisation to novel exemplars 
in an object examination task (Oakes, Coppage, & Dingel, 1997). 
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5.2.3. Participants 

Eighty-four 12-month-old infants (42 female) were recruited from a database of 

infants born at the Jessop Maternity Ward of the Hallamshire Hospital, Sheffield. Infants 

were tested within ten days of their 12-month-old birthday. No infant was born more 

than 3 weeks premature, or had experienced any birth complications. Testing was 

discontinued on additional infants who were excessively fussy or cried during testing (1i = 

7) or failed to interact with the experimenter during the warm-up phase described below 

(n = 7). All infants were Caucasian. 

5.2.4. Apparatus 

The stimuli were identical to those used in Chapter 4, Experiment 3 (see Section 

4.2.1.2). A dark grey koala and a dark brown kangaroo (30 cm in height) were also used 
in the 2Y 2A condition described below. 

5.2.5. General procedure 

Infants were randomly assigned to one of six demonstration conditions (n = 72; 

6 females, 6 males per group) or a Baseline-NC (No Change) condition (n = 12; 6 

females, 6 males). The general procedural details of the demonstration, retention interval 

and test sessions were the same as those used in Chapter 4, Experiment 3 (see Section 

4.2.1.3), apart from the number of times the target actions were performed, and the 

particular stimuli on which they were performed. These details are summarised in Table 

5.1 for each demonstration group. The procedure used for the Baseline-NC condition was 

the same as that used for infants in the Baseline condition in Chapter 4, Experiment 3 (see 

Section 4.2.1.3.2), except in the present study infants saw the Baseline demonstration 

four times. 
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Group Name Den: onstration Session Test Session 
2A-NC 2 demonstrations puppet A Puppet A 

2A 2 demonstrations puppet A Different Form to puppet A 

4A 4 demonstrations puppet A Different Form to puppet A 

2A-2A 2 demonstrations puppet A, Different Form to puppet A 

10 s no puppet, 

2 demonstrations puppet A 

2A' 2A 2 demonstrations (different colour Different Form to puppet A 

to puppet A), 

2 demonstrations puppet A 

2Y2A 2 demonstrations (different colour and Different Form to puppet A 

form to puppet A), 

2 demonstrations puppet A 

Baseline-NC 4 Non-demonstrations puppet A Puppet A 

Table 5.1. The demonstration and test session stimuli used for each group of infants in Experiment 5. 
`2 demonstrations' indicates that infants saw the set of three target actions demonstrated twice. The 

procedure for `non-demonstrations' is detailed in Section 4.2.1.3.2. NC = no change. 

5.2.6. Results and Discussion 

The entire test session was videotaped for subsequent analysis. One observer 

scored the presence or absence of three target behaviours during the test: (a) remove the 

mitten, (b) shake the mitten, (c) replace, or attempt to replace, the mitten. Infants were 

allowed 90 seconds from the time they first touched the stimulus to produce the target 

actions. A 2nd independent observer scored a randomly chosen 50% of the sessions. A 

Pearson product-moment correlation yielded an inter-observer reliability coefficient of 
0.96. 
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An imitation score was calculated for each infant by summing the number of 

target behaviours he or she produced during the test session (range 0 to 3). Infants were 

only given credit for the first time they produced each target action. Preliminary analyses 

confirmed that scores were not influenced by the gender of the infant, the particular 

stimulus used during the demonstration session, or the particular stimulus used during the 

demonstration session (all p>0.05), and so further analyses were collapsed across these 

variables. 

The mean number of actions produced by each group of infants is shown in 

Figure 5.2. Table 5.2 shows the patterns of performance of individual infants making up 

the mean scores. 

3 

* 

2 

1 

0 

No Change 

F4-71 

I 

Baseline - 2A-NC 
NC 

* 

I 

Generalisation (Forn1 Change) 

* 

f 
** 

f 
I 

2A 2A-2A 4A 2A' 2A 2Y 2A 

Experimental Condition 

Figure 5.2. The effect of encoding variation on generalisation in 12-month-old infants. 
The mean number of target actions (-i- 1 Standard Error) produced by each group of infants (n = 12 in each 
group) as a function of variations in the encoding session, and the stimulus used during the test session. An 
asterix indicates that the group imitation score is significantly greater than that of the Baseline group 
(p<0.05). NC = no change. 
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Number of 0123 
actions 
Baseline-NC 11 

2A 3 

2A-2A 5 

4A 6 

2A'2A 7 

2Y2A 8 

2A-NC 2 

10 

54 

34 

15 

04 

40 

16 

0 
0 
0 
0 
1 

0 
3 

Table 5.2. The number of 12-month-old infants producing 0,1,2 or 3 target actions in each condition 
in Experiment 5. 
A score of 1 indicates that the infant removed the mitten, a score of 2 indicates they removed the mitten and 
either shook or replaced/attempted to replace the mitten, and a score of 3 indicates they performed all three 
actions. 

An initial two-tailed independent samples t-test compared the number of target 

actions produced by infants in the 2A-NC and 2A groups. This confirmed that the number 

of target actions produced was significantly greater when infants were tested with the 

original demonstration stimulus than when they were tested with one that differed in form 

(t (22)=1.999, p = 0.05). A change of form had a significant effect on memory retrieval. 
To assess whether there were any differences in imitation across a change in form 

as a function of experiences during the encoding session, the data from the five form 

change demonstration groups were subjected to a one-way between-subjects Analysis of 
Variance (ANOVA). This analysis revealed no significant main effect of group, 
indicating that manipulations of the stimuli seen during the encoding session had little 

effect on generalisation (F (4,59) = 1.24, n. s. ). 

To assess whether any of the demonstration groups remembered the target 

actions, the mean number of target actions produced by each group was compared to the 

number of target actions spontaneously produced by infants in the Baseline-NC group 
using two-tailed independent samples t-tests. These analyses indicated that infants 

exhibited significant levels of retention in the group tested with the demonstration puppet 
(2A-NC: t(13) = 5.668, p < 0.001), and in all but one of the groups tested with a puppet of 
a different form: 2A: t (12) = 4.105, p<0.001; 2A-2A: t (13) = 3.053, p=0.009; 
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2A' 2A: t (11) =2.046, p = 0.025; and 4A: t (13) = 2.783, p = 0.016). Infants in the 2Y2A 

group did not produce significantly more actions than infants in the Baseline-NC 

condition (t (22)=1.52, n. s. ), and produced significantly fewer target actions than infants 

in the 2A condition (t (22)=2.78, p=0.011). 
Consistent with previous research (Hayne et al., 1997), these results demonstrate 

that 12-month-old infants are less successful at retrieving their memory in a deferred 

imitation task when they are tested with a stimulus that differs in form from the one 

presented during the demonstration session. The present study also demonstrated that 

generalisation at this age was not facilitated by an increase in the number of 
demonstrations, the temporal distribution of demonstrations, or by exposing infants to 

variability in the stimulus during the demonstration. Rather, the results indicate that a 

change in the shape of a central stimulus has a robust effect on memory in 12-month-old 

infants. 

Importantly, although infants tested with a puppet of a different form did produce 

more actions than the Baseline-NC group, they produced significantly fewer actions than 

infants tested with the puppet seen during the demonstration session. Thus, the lack of 

facilitation observed was not attributable to a ceiling effect. Intriguingly, the one 

manipulation that did have an effect (giving variability training with two very different 

stimuli) actually abolished generalisation, rather than facilitating it. This indicates that 

the level of generalisation exhibited by the remaining form-change groups cannot be 

attributed to a floor effect. Rather, the majority of 12-month-old infants in this study 

showed a consistent, but low level, of generalisation across a change in form. 

5.3. Experiment 6: The effect of extra experience in the test location 

5.3.1. Experiment 6a: The effect of extra a perience in the test location on generalisation 

Although previous imitation research with 6- and 24-month-old infants has 

demonstrated that it is possible to facilitate generalisation (e. g., Barr et al., 2003; 

Campanella & Rovee-Collier, 2005; Herbert & Hayne, 2000b), no facilitatory effects 

were obtained in Experiment 5. However, in four of the form change conditions in 

Experiment 5 there were consistent, but low, levels of generalisation. In contrast, 12- 
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month-old infants tested with the same stimuli and after the same delay in Hayne et al. 
(1997) showed no evidence of generalisation. Identifying the crucial difference between 

the present results and those of Hayne et al. (1997) may provide further insight into the 

process controlling generalisation in infancy. 

Although the two studies were identical in terms of stimulus and delay interval, it 

is possible that variation in the locations in which the experimental phases were 

conducted contributed to the differing results. In Experiment 5, the demonstration and 

test phases were conducted in a distinctive experimental room, whereas the initial 

greeting phase and the retention interval were spent in a reception room. This changing 
location design is in contrast to the experience of infants in Hayne et al. (1997), in which 

the entire session occurred in the same location, a room in the infant's home. Thus, 

whereas in Experiment 5 the location of testing was uniquely associated with the deferred 

imitation paradigm, in Hayne et al. (1997) it had previously been associated with a range 

of other experiences. The purpose of Experiment 6a was to examine the effect of a 

unique learning/test location on generalisation, in comparison with conditions in which 
the location has been experienced prior to learning, or continues to be experienced 
between learning and retrieval. If a unique learning/test location has an important 

facilitatory influence on generalisation, extra experience in the testing location may 

negatively impact on generalisation. 

5.3.1.1. Participants 

Forty-eight 12-month-old infants (24 female) were recruited as in Experiment 5. 

Testing was discontinued on additional infants who were excessively fussy or cried 
during testing (in = 3), who failed to interact during the warm-up phase (nn = 5), or due to 

parental interference (nn = 2). 

147 



5.3.1.2. Apparatus 

The apparatus were identical to Experiment 5. 

5.3.1.3. Procedure 

Infants were randomly assigned to one of 3 demonstration conditions (n = 36; 18 

females, 18 males) or a Baseline condition (n = 12). There were six male and six female 

infants in each group. The general procedural details were identical to Experiment 5 with 

the exception that the location of the initial greeting and the retention interval was 

manipulated across groups (see Table 5.3). Infants in the Leave Room condition only 

experienced the puppet task in the experimental room (in an identical procedure to the 2A 

group in Experiment 5). Infants in both the Start in Room and Stay in Room groups spent 

an extra 10 minutes in the testing location prior to the test session. Other than the 

location in which those periods were spent, all other activities and procedures were 
identical across conditions. 

Group Experimental Phase 

Greeting Demonstration Retention Test 
(10 minutes) Interval 

(10 minutes) 

Baseline Reception Experimental Reception Experimental 

Leave Reception Experimental Reception Experimental 

Room 

Start in Experimental Experimental Reception Experimental 

Room 

Stay in Reception Experimental Experimental Experimental 

Room 
16 

Table 5.3. The room experienced during each phase of Experiment 2 as a function of group 
assignment. 
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All infants interacted in a free-play greeting session with their parents and the 

experimenter for 10 minutes prior to the demonstration session. The demonstration 

session (which occurred in the experimental room) was identical to that used in the 2A 

condition of Experiment 5. The Baseline-FC demonstration was identical to that used for 

the Baseline-NC group in Experiment 5. 

At the end of the demonstration, infants in the Leave Room, the Baseline-FC and 
Start in Room groups, their caregiver, and the experimenter left the experimental room 

and returned to the reception room for the 10-minute retention interval. Infants in the 

Stay in Room group remained in the experimental room throughout the retention interval. 

In all conditions, infants were free to explore the room during the retention interval, and 

the target stimulus was removed from sight. The same children's toys were available for 

the infant to play with in both locations (puzzle, blocks, and pop-up toy). 

The test session occurred in the experimental room for all groups. Any additional 

toys were removed from the testing location and the infant was once again seated on the 

caregiver's lap in the experimental room. All infants, including infants in the Baseline- 

FC group, were tested with a stimulus that differed in form from the demonstration 

stimulus. 
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5.3.1.4. Results and Discussion 

The data was coded and analysed as in Experiment 5. A Pearson product-moment 

correlation yielded an inter-observer reliability coefficient of 1.0. 

Preliminary analyses confirmed that scores were not influenced by the gender of the 

infant, the particular stimulus used during the demonstration session, or the particular 

stimulus used during the test session, and so further analyses were collapsed across these 

variables. Table 5.4 shows the patterns of performance of individual infants. 

Number of 0123 
actions 

Form Change Baseline-FC 10 200 

(Experiment 6a) 

Leave Room 3540 

Start in Room 8130 

Stay in Room 9120 

No Change Leave Room 5223 

(Experiment 6b) Stay in Room 4341 

Table 5.4. The number of 12-month-old infants producing 0,1,2 or 3 target actions in each condition 
in Experiment 6a and 6b. 
A score of 1 indicates that the infant removed the mitten, a score of 2 indicates they removed the mitten and 
either shook or replaced/attempted to replace the mitten, and a score of 3 indicates they performed all three 
actions. 

To assess whether there were any differences in imitation as a function of 

experience in the test location, the data from the demonstration groups were subjected to 

a one-way between-subjects ANOVA with group as the between-subjects variable. There 

was no significant main effect of group (F (2,35)=2.095, n. s. ). 
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Form Change 
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No Change 

** 

II Baseline- Leave Start in Stay in Leave Stay in 
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Experimental Condition 

Figure 5.3. The effect of extra experience in the testing location on cued recall in 12-month-old 
infants. 
The mean number of target actions (+/- 1 Standard Error) produced by each group of infants (n = 12 in each 
group) as a function of experience with the testing location, and the stimulus used during the test session. 
An asterisk indicates that the group imitation score is significantly greater than that of the Baseline group 
(p<0.05). 

To assess whether any of the test groups showed retention of the target actions, 

the mean number of target actions produced by each demonstration group was compared 

to the Baseline group with two-tailed independent samples t-tests (Figure 5.3). These 

analyses indicated that infants in the Leave Room group performed significantly more 

target actions than infants in the Baseline group (t (22) = 3.60, p=0.002). However, both 

groups of infants who received extra time in the experimental room did not produce 

significantly more target actions than infants in the Baseline group (Start in Room: 

t (22)=1.47, n. s.; Stay in Room: t(22) = 0.98, n. s. ). Thus, when infants received an extra 

ten minutes in the experimental room they did not show evidence of generalisation, 

regardless of whether that exposure occurred before the demonstration session, or during 

the retention interval. In other words, generalisation was only observed when the only 

event infants experienced in the testing room was the deferred imitation paradigm. 
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Is this effect specific to generalisation, or does the degree of experience infants 

have in the test location also have an impact on imitation more generally? Answering 

this question may reveal whether the same factors control memory retrieval with the same 

stimulus, and memory retrieval with an altered stimulus, something that has not been 

directly explored thus far with infants. 

5.3.2. Experiment 6b: The effect of extra experience in the test location on exact imitation 

To examine whether the facilitative effect of a unique learning and test location 

was specific to generalisation, two additional groups of infants were tested in the 

imitation procedure, with no change in the stimulus at test. One group of infants left the 

testing location (a Leave Room group as in Experiment 6a) and one group remained in the 

test location during the retention interval (a Stay in Roan group as in Experiment 6a). No 

groups received pre-exposure to the experimental room. The Stay in Room manipulation 

was chosen over the Start in Rooni manipulation because the former had the greater effect 

on generalisation in Experiment 6a. 

5.3.2.1. Participants 

Twenty-four 12-month-old infants (12 female) were recruited as in Experiment 5. 

Testing was discontinued on additional infants who were excessively fussy or cried 

during testing (n = 3). Infants were randomly assigned to the two demonstration groups. 

There were six male and six female infants in each group. The performance of these 

groups was compared to the performance of infants in the Baseline-NC condition of 

Experiment 5, as these infants were also tested with the same puppet they saw during the 

demonstration session. 

5.3.2.2. Apparatus 

The apparatus were identical to Experiment 5. 
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5.3.2.3. Procedure 

The general procedural details were identical to those given in Experiment 6a for 

the Leave Room and Stay in Room groups. The only procedural difference was that the 

stimuli used in the demonstration and test sessions were identical in Experiment 6b, 

whereas in Experiment 6a they differed in form. 

5.3.2.4. Results 

The data was coded and analysed as in Experiment 6a. A Pearson product- 

moment correlation yielded an inter-observer reliability coefficient of 0.96. For 

comparison, the imitation scores of the two demonstration groups were compared to the 

score of the Baseline group in Experiment 5, who had also been tested with the same 

stimulus at demonstration and test. 

Preliminary analyses confirmed that scores were not influenced by the gender of 

the infant, the particular stimulus used during the demonstration session, or the particular 

stimulus used during the test session (all p>0.05), and so further analyses were collapsed 

across these variables. The mean number of actions produced by each group of infants is 

shown in Figure 5.3. Table 5.4 shows the patterns of performance of individual infants 

making up the mean scores. 

Two-tailed independent-samples t-tests revealed that infants in both the Leave 

Room and Stay in Room groups performed significantly more target actions than infants 

in the Baseline-NC condition from Experiment 5 (Leave Room: t (12) = 3.062, p=0.01; 

Stay in Room: t (13) = 3.509, p=0.004). A further independent-samples t-test confirmed 

that there was no significant difference between the average number of target actions 

produced by infants in the two demonstration conditions (t (19) = 0.62 1, n. s. ). 

The location in which the retention interval was spent did not affect memory for the 

specific target actions when infants were tested with the demonstration puppet. The 

facilitative effect of a change of location during the retention interval was thus limited to 

generalisation. 
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5.4. General Discussion 

The present study explored whether generalisation across a change in stimulus 

form could be facilitated in a purely observational learning paradigm for 12-month-old 

infants. Increasing the amount of training, distributing the training, or providing 

variability training had no facilitative effect on generalisation. Thus, 12-month-old 

infants' capacity for generalisation was remarkably robust to variations during the 

encoding session, despite the fact that performance was not constrained by ceiling effects, 

and in other paradigms generalisation is more readily facilitated when infants are already 

performing above-baseline (Hayne et al., 2003; Herbert & Hayne, 2000). In contrast, the 

experience infants had with the testing location did affect generalisation, while having no 

effect on exact imitation (imitation with the demonstration stimulus). The provision of a 

unique location for encoding and retrieval likely accounts for the consistent, but low, 

levels of generalisation observed in Experiment 5 that had not been previously observed 

(Hayne et al., 1997). 

5.4.1. Variations in the encoding session had little impact on generalisation 

On the surface, it is surprising that the variations in encoding employed in 

Experiment 5 had such little impact on generalisation. The various experiences provided 

for infants were based on procedures that have previously facilitated retention in 

imitation tasks, or facilitated generalisation in operant conditioning paradigms. For 

example, doubling the number of demonstrations in a deferred imitation task allows 6- 

month-old infants to remember the actions for longer (Barr et al., 1996), presumably 

because these events have been more effectively encoded in memory. However, doubling 

the number of demonstrations for 12-month-old infants did not affect generalisation in 

the present study. Six- and 12-month-old infants may benefit from different types of 

experience (e. g., Learmonth et al., 2004). Alternatively, it is possible that experiences 

that enhance performance on one type of imitation measure (e. g., exact imitation) are 

different from the experiences which might enhance performance on another type of 

memory measure (e. g., generalisation). For example, the results from Experiment 6a and 

6b indicate that exposure to the learning/test context affects generalisation without 

impacting on exact imitation. Although these possibilities require further studies in order 
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to be fully evaluated, the present study provides no evidence to suggest that allowing 12- 

month-old infants to repeatedly watch an event improves their ability to retrieve memory 

for that event when presented with an altered cue. 

In the present study, variability training had no facilitative impact on 

generalisation, whereas in operant conditioning paradigms variability training is highly 

effective (Hayne, Greco-Vigorito, & Rovee-Collier, 1993; Rovee-Collier, Greco-Vigorito 

& Hayne, 1993). To date, there have been no studies showing that variability training is 

effective in the deferred imitation paradigm. Variability training may in part be 

successful in operant conditioning paradigms because the infant is given the opportunity 

to interact with each exemplar. Learning through physical practice may increase the 

number of retrieval cues available to the infant, and so the effects of varying the encoding 

session may be magnified by the inclusion of physical experience at each stage. 

Alternatively, self-generated information may be less dependent on specific stimulus 

features than information presented by others. With adults, for example, memory for self- 

generated stimuli is less affected by a change in stimulus colour than is memory for 

stimuli presented to the participant (Mulligan et al., 2006). When infants are allowed to 

learn through practice, they are generating part of the information to be learned, and this 

may render recall of that information less dependent on specific features of the stimuli 

used. Whether variability training can be effective in a deferred imitation task when 

learning occurs through observation alone awaits further research. 

5.4.2. Negative effects of variability training 

Intriguingly, when the two training stimuli differed considerably in colour and 

form (the 2Y2A condition), variability training actually decreased the otherwise limited 

but robust levels of generalisation expressed across groups. It is unlikely that seeing the 

demonstration with two very different puppets could have produced an interference 

effect, because interference is typically greater when stimuli are more similar (Medin, 

Reynolds & Parkinson, 1980; Rossi-George & Rovee-Collier, 1999; Spear, 1978). Thus, 

if anything, greater interference would be expected in the 2A'2A condition than in the 

2Y2A condition. A more plausible possibility is that due to primacy effects, infants 

remembered the first two demonstrations they saw better than the second two 
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demonstrations. Indeed, infants show strong primacy effects in both the VPC procedure 

and the mobile task (Cornell & Bergstrom, 1983; Gulya, Rovee-Collier & Merriman, 

1996). In the 2Y2A condition in the present study, the magnitude of the perceptual 

difference between the first puppet and the test puppet was much greater than in the other 

conditions. Thus, if infants only remembered the first two demonstrations, they would 

find it more difficult to apply what they had seen to the test puppet in the 2Y2A condition 

than in the other conditions. Exploring the effect of varying the order of the stimuli seen 

in variability training procedures would address this possibility. 

5.4.3. The effect of extra experience in the learning and testing location 

Some evidence of facilitation of generalisation was identified in this study: that 

mediated by the location of the deferred imitation task. Experiment 6a revealed that 

although 12-month-old infants have a limited ability to generalise across a form change 

when the deferred imitation paradigm is the only event experienced in a particular 

location, this ability is abolished when they have a brief period of extra experience in this 

location. It is unlikely that effects can be attributed to behavioural inhibition in a novel 

environment, as this would predict poorer performance when exposure to the 

environment was limited, rather than the facilitatory effect seen in the present study. 

Thus, providing a unique environment for learning and retrieval appears to produce a 

limited facilitatory influence on generalisation. 

Associative learning mechanisms may underlie the facilitative effect of a unique 

learning and testing context on generalisation. Pre-exposure to two puppets allows 

infants to associate them, such that during the test session the presence of one puppet can 

cue retrieval of the other, and hence memory for the target actions (Barr et al., 2001; 

Campanella & Rovee-Collier, 2005). Infants can also form and use associations between 

environmental features and central stimuli (Cuevas et al., 2007). In the present study, 

infants may have associated the distinctive test room to the puppet and actions during the 

learning session. The demonstration stimulus may have provided a sufficiently strong 

retrieval cue to memory for the target actions in the No Change groups, and so support 

from environmental features may not have been required. Indeed, 12-month-old infants 

can generalise across a change from their home to the laboratory over a 24-hour delay 
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(Hayne et äl., 2000), indicating that when the stimulus used during the demonstration and 

test sessions is the same, environment details exert little influence on retrieval. However, 

a stimulus of a different form may not provide a strong enough retrieval cue. Retrieval 

cues from the location of testing may then become useful in cuing memory for the target 

actions. 

The present data imply that the degree of influence location cues can exert over 

generalisation in 12-month-old infants depends on the experience infants have within the 

learning and testing location. When infants played with a range of other toys for 10 

minutes in the test location, generalisation was no longer seen. Thus, generalisation only 

occurred when the puppet task was the only experience infants had in the testing location. 

The cue-overload hypothesis (Earhard, 1967; Watkins, 1979; Watkins & Watkins, 1975) 

states that as more target items are associated with a particular cue, it becomes less likely 

that the cue will evoke any of the target items. The cue overload hypothesis fits well with 

the present results if it is assumed that the more stimuli the infant experienced in a 

particular location, the less likely that retrieval cues from that location could cue retrieval 

of any particular stimulus. Thus, the location could only cue memory for the target 

actions when the location was uniquely linked to the puppet task. 

5.4.4. The changing role of the environment in memory retrieval 

Between the ages of 6- and 12-months, infants become less reliant on details of 

the social and physical environment to cue memory retrieval (Chapters 3 and 4). 

However, details of the central stimulus remain important across this age range, and by 

12-months appear to exert a degree of priority in memory retrieval (Hayne et al., 2000). 

In the present study, when the test stimulus was identical to the demonstration stimulus, 

memory was unaffected by the strength of environmental cues from the testing location 

(Experiment 6b). Environmental cues only had an impact when the central stimulus 

provided insufficient cues to memory retrieval (Experiment 6a). In contrast, the strength 

of the cues provided by the stimulus had an impact on retrieval both when environmental 

cues were strongly predictive of the target actions (groups 2A and 2A-NC in Experiment 

5), and when they were only weakly predictive (Stay in Room FC and NC in Experiment 

6). Twelve-month-old infants may be more reliant on environmental information when 
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central stimuli are absent or altered, implying that they have encoded both the stimulus 

and its environment in their memory representations, and that these elements have 

asymmetrical effects on retrieval. Whether age-related decreases in the effect of a change 

of environment on memory retrieval are driven by age-related changes in the balance of 

the environment and stimulus in the memory trace is an important topic for further 

research. 
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Chapter 6: Investigating the effect of a context change on the neural 

correlates of recollection and familiarity 

6.1. Introduction 

Over the first year of life, contextual changes have a progressively smaller impact 

on memory retrieval. Whereas at 6-months memory retrieval is precluded by a change of 

context in a variety of paradigms (e. g., Hayne et al., 2000; Learmonth et al., 2004,2005; 

Chapter 2), by 12-months, contextual details influence but do not preclude retrieval in 

both cued recall (Hayne et al., 2000; Experiments 1,3 and 4) and recognition (Robinson 

& Pascalis, 2004; Experiment 2) tasks. To begin to understand how contextual details 

come to play a decreasing role in memory retrieval across the first year of life, it is 

crucial to explore the processes underlying contextual influences on memory retrieval. 

Dissociations between different memory processes have been characterised in 

most detail in the mature brain (reviewed by Aggleton & Brown, 1999; Gabrieli, 1998; 

Squire, 2004; Yonelinas, 2002). As different memory processes are currently less 

specified in infant memory, adult research has previously proved a useful guide to 

hypotheses about the development of memory mechanisms in infancy (e. g., Adlam et al., 

2005; Manns et al., 2000; McDonough et al., 1995). For example, Hayne (2004) has 

argued that performance on a deferred imitation task in infancy requires `declarative-like' 

memory partly on the basis that adult amnesic patients who may lack declarative memory 

fail a deferred imitation task (McDonough et al., 1995). Studies with adults can thus 

provide some insight into changing memory mechanisms in infancy. However, the fact 

that infants and adults may accomplish the same task using different cognitive processes 

means that research with adults can only shape hypotheses that should be directly tested 

with infants. 

The aim of the present Chapter was to explore the memory processes that are 
influenced by a contextual change with adults. To increase the potential applicability of 

the study to infant memory, the study was designed such that the major aspects of the 

chosen methodology have been previously used in infant research. The study centered on 

the widely accepted hypothesis that two processes underlie performance in recognition 

and cued recall tasks: familiarity and recollection. 
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6.1.1. Dual processes in recognition memory: familiarity and recollection 

Although not universally accepted (e. g., Donaldson, 1996; Dunn, 2004; 

Heathcote, Raymond & Dunn, 2006), "it is probably fair to say that the majority of 

contemporary researchers adhere to some kind of dual-process model" of recognition 

memory (Rugg & Curran, 2007, p 251). Dual-process theories of recognition memory 

propose that recognising an item can either rely on a feeling of familiarity for that item, 

or a specific recollection of the precise occasion upon which the item was previously 

presented, although there are many different theories concerning the exact nature of, and 

relationship between, these processes (reviewed by Yonelinas, 2002). Familiarity is 

generally thought to be a signal-detection based process that acts on individual stimuli, or 

pairs of stimuli that can be `unitised', or fused (Jaeger, Mecklinger & Kipp, 2006; Opitz 

& Cornell, 2006; Yonelinas et al., 1999). In contrast, recollection is thought to be a 

threshold-based binary decision about whether an item has previously been presented, 

made on the basis of whether any details surrounding the previous presentation of the 

item can be retrieved (e. g., Donaldson & Rugg, 1998; Norman & O'Reilly, 2003; 

Yonelinas, 1994). Recollection is thought to be hippocampally-dependent, whereas 

familiarity relies more critically on extra-hippocampal structures (reviewed by Aggleton 

& Brown, 1999; Eichenbaum et al., 2007; Norman & O'Reilly, 2003), although a range 

of other brain areas, such as regions of the frontal and parietal cortices, are also involved 

in both processes (reviewed by Rugg & Yonelinas, 2003; Wagner, Shannon, Kahn & 

Buckner, 2005). 

As familiarity and recollection have been linked to different cognitive and neural 

mechanisms, the dissociation provides a rich theoretical framework within which to 

examine context-shift effects. Dual-process models of memory have yet to be applied to 

infant memory, but exploring the influence of a context change on familiarity and 

recollection in adulthood may provide a deeper understanding of the mechanisms 

underlying context-shift effects, which could then provide further insight into infant 

memory development. One method that can be used to distinguish between recollection 

and familiarity in adulthood (reviewed by Curran, Tepe & Piatt, 2006; Friedman & 

Johnson, 2000; Rugg & Yonelinas, 2003) and is suitable for infants (reviewed by Nelson 
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& Monk, 2001) is the use of Event-Related Potentials (ERPs) measured through an 

electroencephalogram (EEG). The rationale of EEG measurements is briefly reviewed in 

the next section. 

6.1.2. EEG-recorded ERPs 

EEG is a recording of brain activity with high temporal resolution (for details see 

Allison, 1984; Niedermeyer & Lopes da Silva, 2005; Nunez, 2002). EEG data is 

generated by recording from a series of electrodes positioned at particular locations on 

the scalp (a montage). The resulting signal reflects the electrical activity of large 

numbers of neurons in the brain. These neurons are typically parallel-oriented pyramidal 

cells from the cortex, and the hippocampus (Allison, 1984). Measuring EEG is efficient 

and non-invasive, and unlike fMRI does not require encapsulation in a confined space. 

EEG is thus potentially suitable for all age groups. 

One way to use EEG to study cognition is to examine Event-Related Potentials 

(ERPs). ERPs are voltage changes induced in the brain in response to a variety of 

sensory, cognitive and motor processes (for methodological reviews see Fabiani, Gratton 

& Coles, 2000; Rugg & Coles, 1995). ERPs are generated by averaging the EEG- 

recorded neural activity provoked by a stimulus that has been repeatedly presented on 

many trials. As background neural activity that is not related to the stimulus is assumed 

to vary independently of the test trials throughout the test session, by averaging across a 

number of trials non-stimulus-related activity is cancelled out. The remaining signal 

consists of a series of positive and negative deflections distributed over time that are 

specifically related to the stimulus presented on each trial. 

Significant deflections in the ERP waveform are called `components' when they 

are thought to reflect an interesting cognitive process. Components are typically labelled 

by the latency of the peak of the deflection after stimulus onset, and the area of the scalp 

over which the deflection is most prominent (see Figure 6.1). ERP components can be 

analysed in terms of the mean amplitude of the waveform across a particular time 

window, the amplitude of a particular peak, or the latency of that peak. ERP components 

are associated with particular cognitive processes through examining whether their mean 

amplitude, peak amplitude and/or latency are affected by experimental conditions that 
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alter the cognitive process in question. For example, a component that is different in 

amplitude or latency to novel and familiar stimuli may be associated with memory 

retrieval. 

Figure 6.1. Stylised version of an ERP waveform. 
L' and A' represent the peak latency and amplitude of the positive component respectively, and L2 and A2 
represent the peak latency and amplitude of the negative component respectively. Mean amplitude is 
calculated by averaging the amplitude of the waveform at each recorded time-point across the selected 
time-window (shown in red and blue shading). In the present study, the sampling rate was 250Hz, thus 
providing an amplitude reading every 4ms. Throughout this Chapter the waveforms will be presented with 
positive amplitude above the x-axis, and negative amplitude below. 
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6.1.3. Using ERPs to distinguish recollection and familiarity in adulthood 

In adulthood, ERPs have been widely used to distinguish between recollection 

and familiarity. With a few exceptions (e. g., Mackenzie & Donaldson, 2006; Yovel & 

Paller, 2004, Voss & Paller, 2007; see Section 6.5.4), recollection has been associated 

with a positive-going deflection (positivity) between 500 and 800ms after stimulus onset 

that is maximal over parietal electrodes (the Late Positive Complex, or LPC8). 

Familiarity has been associated with a negative-going deflection (negativity) around 300 

to 500 ms after stimulus onset that is maximal over frontal-central electrodes (the Frontal 

Negativity 400, or FN4009) (e. g., Curran, 2000; Curran & Friedman, 2004; Duzel, 

Yonelinas, Mangun, Heinze & Tulving, 1997; Rugg et al., 1998; Wolk et al., 2006; 

reviewed by Curran et al., 2006; Friedman & Johnson, 2000; Rugg & Curran, 2007). The 

terms `FN400' and `LPC' refer to the components themselves, whereas the terms `FN400 

old/new effect' and `LPC old/new effect' refer to the difference between the amplitude of 

the FN400 and LPC components to `old' and `new' stimuli (defined within the 

experiment). Thus, the FN400 old/new effect is thought to occur when stimuli are 

recognised through a feeling of familiarity, and the LPC old/new effect is thought to 

occur when stimuli are recognised through recollection (see Figure 6.2 for a typical 

example). 

8 ERP components are often labelled differently in different studies. Although Olichney et al (2000) 
labelled this component the LPC, other researchers have labelled it the P300 old/new difference (Johnson, 
1995), the late ERP old/new effect (Rugg, 1995), or the P600 old/new effect (Curran, 1999). In the present 
Chapter, the term `LPC' will be used throughout for clarity. 
9 The FN400 has also been termed the mid-frontal (Tsivilis et al., 2001), medial frontal (Friedman & 
Johnson, 2000), or early frontal old/new effect (Mecklinger, 2000). In the present Chapter, the term 
`FN400' will be used throughout for clarity. 
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Figure 6.2. An example of the FN400 (top) and LPC (bottom) measured on a 128-electrode Geodesic 

sensor net. 
The FN400 was measured from frontal groups of electrodes, and the LPC was measured from parietal 
groups of electrodes. In the study (Piatt et al., unpublished), participants saw a sequence of objects on 
different backgrounds. ERPs were calculated from test trials on which participants correctly rejected new 
objects (New), or correctly identified as 'old' objects that had been previously studied (Same and 
Rearranged). The old objects were either presented on their original backgrounds (Same), or on a different 
background that had been studied during the learning session (Rearranged). The FN400 old/new effect is 

reflected in the more negative-going deflection for new than old stimuli in the top waveform, and the LPC 
old/new effect is reflected in the more positive-going deflection for old than new stimuli in the bottom 
waveform. Adapted from Curran et al., 2006. 
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Several lines of evidence link the FN400 and LPC to familiarity and recollection 

respectively. For example, in the `remember/know procedure' (Tulving, 1985), 

participants are asked to say whether they `remember' each familiar stimulus (thought to 

reflect recollection), or whether they `know' they have seen it before (though to reflect 

familiarity). The mean amplitude of the LPC is greater for words that participants judge 

as `remembered' than those that they judge are `known' (e. g., Duzel et al., 1997), 

indicating that the LPC component is larger when conscious recollection occurs. 

Congruently, manipulations such as increased attention during encoding, or processing 

the meaning rather than the perceptual features of a stimulus, increase the proportion of 

`remember' responses given, and also modulate the mean amplitude of the LPC but not 

the FN400 (Curran, 2004; Rugg et al., 1998; Yonelinas, Kroll, Dobbins, Lazzara & 

Knight, 1998). In contrast, the FN400 varies with confidence judgements attached to 

`known' stimuli, but does not differentiate high confidence `known' stimuli from 

`remembered' stimuli (Woodruff, Hayama & Rugg, 2006). This indicates that the FN400 

varies with the strength of familiarity, but is insensitive to the presence of conscious 

recollection. 

Other studies have examined the neural response to lures that are similar to 

studied stimuli. For example, a participant might study the word `car', and then be 

presented with the studied stimulus and a similar lure ('cars') during the test session. 
Similar lures should produce a strong familiarity signal because they are very similar to 

the studied stimuli, but a weak recollection signal because they are not the precise items 

that were seen during learning (Hintzmann & Curran, 1994). Thus, the LPC should differ 

in magnitude to studied stimuli and similar lures, whereas the FN400 should not 
differentiate between these stimulus types. This pattern of findings has been obtained in 

several EEG studies with both verbal and pictorial stimuli, in which participants were 

asked to distinguish between studied items and similar lures10 (Curran & Cleary, 2003; 

Curran, 2000; Nessler & Mecklinger, 2003; Nessler, Mecklinger & Penney, 2001). 

10 Notably, in studies where participants are not asked to distinguish between similar items and studied 
lures (called `inclusion' conditions), the opposite of this pattern is typically seen (see Section 6.1.4). Thus, 
a change in the features of a target stimulus maybe processed differently when those features are part of 
the to-be-remembered information, than when they form part of the task context. 
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A further important difference between recollection and familiarity is that 

recollection is thought to involve retrieval of details about the previous presentation of a 

stimulus, whereas familiarity is not. A similar distinction can be made between the LPC 

and the FN400 (Villberg, Moosavi & Rugg, 2006; Wilding, Doyle & Rugg, 1995; 

Wilding & Rugg, 1996; Woodruff et al., 2006). For example, the LPC is modulated by 

the recollection of specific details about target items, such as study modality (e. g., 

Wilding, Doyle & Rugg, 1995) or speaker's voice (Wilding & Rugg, 1996). Indeed, the 

magnitude of the LPC is correlated with the amount of information recollected about an 

item (Villberg et al., 2006). In contrast, the FN400 is not typically modulated by the 

retrieval of contextual details (Woodruff et al., 2006). This suggests that the LPC may 

reflect recognition accomplished by the recollection of a range of details about the 

previous presentation of a stimulus, whereas the FN400 reflects recognition accomplished 

through the familiarity of the items present during the test session. 

Finally, the FN400 and LPC appear to be produced by similar brain structures to 

those that have been associated with recollection and familiarity through other measures, 

such as fMRI (reviewed by Rugg & Curran, 2007; Skinner & Fernandes, 2007; Rugg & 

Yonelinas, 2003). In fMRI studies, recollection has been associated with increased 

activity in the left inferior lateral parietal 'cortex (Eldridge, Knowlton, Furmanski, 

Bookheimer & Engel, 2000; Henson, Rugg, Shallice, Josephs & Dolan, 1999; Yonelinas, 

Otten, Shaw & Rugg, 2005), and has also been linked to increased activity in the 

hippocampus (Cansino et al., 2002; Dobbins, Rice, Wagner & Schacter, 2003; Eldridge et 

al., 2000). Similarly, the LPC is thought to be generated by areas of the parietal cortex, 
in association with the hippocampus (Allan, Wilding & Rugg, 1998; Duzel, Vargha- 

Khadem, Heinze, & Mishkin., 2001; Johnson, 1995a; Rugg, Otten & Henson, 2002; 

Wagner et al., 2005). Familiarity has been associated with maximal activity on an fMRI 

measure in the left inferior and anterior prefrontal cortices (Yonelinas et al., 2005), 

concurring well with the putative left frontal generators of the FN400 (Woodruff et al., 

2006). Thus, there is converging evidence that the FN400 and LPC are associated with 

different neural processes, are produced by different brain regions, and that they reflect 
familiarity and recollection respectively. 
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6.1.4. The influence of a contextual change on the FN400 and LPC 

Since there is good evidence that the FN400 and LPC can be used as 

electrophysiological markers for familiarity and recollection, exploring the effect of a 

context-change on these two components may illuminate the processes underlying 

contextual influences on memory retrieval. When reviewing previous studies in this 

area, it is important to distinguish between studies that have explored different types of 

contextual information (Ecker et al., 2007b). Behaviourally, changes of intrinsic context 

have a greater effect on familiarity than recollection (reviewed by Yonelinas, 2002), 

whereas changes of local extrinsic context commonly have a greater effect on 

recollection than familiarity (Macken, 2002; though see McKenzie & Tiberghien, 2004). 

Several studies have explored the effect of a change of intrinsic context on the 

magnitude of the FN400 and LPC, using the orientation of a picture, the colour of an 

object or the plurality of a word as intrinsic contextual attributes (e. g., Curran, 2000; 

Curran & Cleary, 2003; Curran & Dien, 2003; Groh-Bordin et al., 2005; Schloerscheidt 

& Rugg, 2004). In these studies, similar LPC old/new effects for both similar lures and 

studied items were found, whereas the FN400 old/new effect was greater for studied 

items than for similar lures. However, Ecker et al. (2007b) found that both the FN400 

and the LPC were sensitive to changes in the colour of a stimulus, and Guillaume and 

Tiberghien (2005) found that the LPC but not the FN400 was sensitive to changes in the 

expression of a face. Thus, whist the majority of studies show that a change of intrinsic 

context selectively influences familiarity, there is some evidence that it may also 
influence recollection in some circumstances. 

Changes in local extrinsic context, such as the background upon which a stimulus 

is presented, have produced mixed'effects on the LPC and FN400. For example, placing 

an object on a non-studied background at test attenuates the FN400, and may (Piatt, 

Curran, Collins & Woroch., unpublished; Tsivilis et al., 2001) or may not (Ecker et al., 

2007b) have an effect on the LPC. Using a non-studied background during the test 

session may influence the magnitude of the FN400 component because the background 

captures attention and hence elicits its own familiarity signal, rather than because it 

influences the familiarity of the target object itself (Ecker et al., 2007a). The familiarity 
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of different backgrounds can be equated by comparing previously studied object- 

background pairings with objects placed on background that were previously studied in 

conjunction with a different object. Using this procedure, Tsivilis et al (2001) and Ecker 

et al. (2007b) found no difference in either the FN400 or LPC in response to 

rearrangements of studied object-background pairings. However, Guillaume and 

Tiberghien (2005) found an effect of rearranging face-background pairs on the LPC, and 

Piatt et al. (unpublished) found an effect of rearranging object-background pairs on both 

the LPC and the FN400. Overall, a change of local extrinsic context influences the neural 

correlates of familiarity and/or recollection under some circumstances. 

The variance in the results of adult EEG studies employing different context 

changes, procedures and stimuli makes it difficult to determine the implications of 

existing research in this area for infant memory, because the types of contextual change 

that have typically been employed with infants are different to those employed with 

adults. In infant recognition memory studies, `context' has either been defined as a 

background colour, simpler than the complex scenes typically used with adults (Coldren 

& Haaf, 1999; Haaf et al., 1996; Robinson & Pascalis, 2004), or as the room in which 

stimuli are presented (Experiments 1 and 2; Bushnell et al., 1984). To date, there have 

been no direct studies with adults of the effect of a change of global extrinsic context, 

such as a change of room, on the FN400 and LPC. 

The aim of the present study was to explore the effect of a context-shift on the 

LPC and FN400 in adulthood, when `context' was defined as a change of room, or a 

change of background colour. The study was designed to both provide greater insight into 

the processes underlying the influence of context on memory retrieval in the mature 

brain, and to be useful for interpreting the potential processes underlying context 

influences on memory retrieval in infancy. Furthermore, such studies may inform future 

infant studies of the neural correlates of contextual changes. After a procedure that 

produced reliable behavioural effects of a context change was identified (Experiment 7), 

EEG recordings and a yes/no recognition task were used to explore the influence of a 

change of room (Experiment 8) and a change of brightly coloured background 

(Experiment 9) on the behavioural and neural correlates of recognition memory in 

adulthood. 
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6.2. Experiment 7: The effect of a change of distal context on recognition memory in 

adults 
Previous research indicates that the neural correlates of a context-shift effect may 

be more apparent when accuracy measures are also sensitive to a context change (Piatt et 

al., unpublished; Tsivilis et al., 2001). Furthermore, it is recommended that the neural 

correlates of cognitive processes are sought where those processes can also be identified 

behaviourally (Picton et al., 2000). Thus, Experiment 7 examined whether the proposed 

procedure (detail are in Section 6.2.3 below) would produce a significant context-shift 

effect on a behavioural measure of recognition memory, when context was defined by the 

room in which testing was conducted. 

It was important to choose a retention interval that would be likely to maximise 

the magnitude of context-shift effects. However, the way in which context-shift effects 

change over time is a matter of some debate (see Section 1.9.1). Only one study has 

directly explored changes in context-shift effects over time in a standard recognition 

memory paradigm with human adults (Bertsch & Sanders, 2005). In this study, adults 

showed a larger context-shift effect when memory was tested over a 2-day delay than 

when memory was tested immediately, or after a 7-day delay. Thus, it appears that 

testing over a 2-day delay might be most appropriate for detecting context-shift effects. 

However, Bertsch and Sanders (2005) used a change of background as the contextual 

manipulation. A change in global context, such as the room in which testing occurs, has 

the strongest effect on memory in rats immediately after learning (e. g., Land & Riccio, 

1998,1999). Given the present study uses a change of room, it may be that greater 

context-shift effects would be observed immediately. To identify the most appropriate 

retention interval for the EEG study, in Experiment 7 two groups of participants were 

tested; one immediately and one over a 2-day delay. 
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6.2.1. Participants 

Participants were 24 undergraduate students (12 female, 12 male) at the 

University of Sheffield, who received course credit for participation. Participants ranged 

in age from 18 to 22 years, (mean = 19.1 years, SE. = 0.24). Participants of each gender 

were randomly assigned to one of the two between-subject retention-interval conditions, 

Immediate and 2-Day Delay (n=12 per condition). The contextual manipulation was 

varied within-subjects, such that within each retention interval condition, each participant 

was tested for recognition of stimuli previously experienced in the context of testing 

(Same Context condition), and stimuli previously experienced in an alternate context 
(Different Context condition). All participants had normal or corrected-to-normal vision. 
The study was approved by the Department of Psychology ethics committee. 

6.2.2. Apparatus and stimuli 

Testing was conducted in two rooms in the Psychology Department at the 

University of Sheffield, which served as the two contexts. None of the participants was 

familiar with either of the rooms prior to the study. Room A had walls covered with dark 

material, and was dimly lit. This room was used as Room A in the experiments presented 

in Chapter 3, where a more detailed description can be found. Room B was long and 

narrow, with pale yellow walls, and was brightly lit by ceiling strip lights. A set of stairs 

led down into the room, where there were several large chairs and some covered testing 

equipment. This room was similar in lighting and temperature to Room B in the 

experiments presented in Chapter 3. 

The stimuli were 288 colour photographs of common objects (such as fruit, 

homeware or toys) presented on a black background (see Figure 6.3 for examples). 
Objects were chosen because nonverbal stimuli have been used in all previous studies of 

context-shift effects with infants. Stimulus size varied, from approximately 4x4 cm to 

8x8 cm. Stimuli were selected from the Hemera PhotoObjects collection (Encore 

Software) and were presented on a laptop computer using E-Prime software. 
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Figure 6.3. Examples of the stimuli used in Experiments 7 and 8. 

The stimuli were pseudo-randomly assigned to two lists of 72 familiarisation 

stimuli, and one list of 144 foil stimuli. As the objects fell into categories (such as fruit, 

or homeware), care was taken that equal numbers of objects from each category were 

represented in the three lists. This measure was taken to remove the possibility that 

participants could identify a stimulus as familiar through its category membership. Two 

buffer stimuli were also prepared in the same way. 

6.2.3. Procedure 

For all participants, the experiment took place in two parts. In the first part, 

participants were asked to view the familiarisation stimuli. In the second part, 

participants were tested for their recognition of these stimuli with a yes/no recognition 

task''. For participants in the Immediate condition, the test session immediately followed 

the familiarisation session. In practice, this resulted in a retention interval of 

approximately 1 minute whilst the test session was set up on the laptop computer. For 

participants in the 2-Day Delay condition, the familiarisation and test sessions were 

separated by a delay of approximately 2 days (range = 40 to 55 hours, M= 47.1, SD = 

4.6). In both locations, participants were seated 0.5 m away from the screen, which was 

34 cm by 22 cm. 

'' Participants were not asked to make remember/know judgments, or source judgments, because these 
questions cannot be applied to infant populations. If these procedures have any influence on the ERP 

correlates of recognition memory, using them may reduce the comparability of the results to infant studies. 
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6.2.3.1. The familiarisation session 

Half the participants viewed a set of 72 stimuli in Room A, before moving to 

Room B and viewing a second set of 72 stimuli. The stimuli were presented in a 

randomised order. The remaining participants experienced the contexts in the reverse 

order. Participants were told that their memory for these stimuli would subsequently be 

tested, so they should view each one carefully. Duration of viewing was self-directed, 

and on average participants viewed each familiarisation stimulus for 3.2 seconds (SE _ 
0.5). The familiarisation session lasted approximately 20 minutes. 

6.2.3.2. The test session 

Half the participants were tested in Room A, and half the participants were tested 

in Room B. Thus, half the familiar stimuli had previously been experienced in the testing 

context (Same Context condition), and half had been experienced in the alternate context 

(Different Context condition). The remaining stimuli were novel. The testing session 

was split into two halves, separated by a short break. The first stimulus presented in each 

half of the session was a buffer stimulus, and responses to this stimulus were not 

analysed. Stimuli were presented individually for 500 ms duration, in a random order. 

The presentation of each stimulus was preceded by a red fixation cross presented on a 

black background (1 second duration), and followed by a 1.2 second response period, 

signalled by a black screen. 

Participants were given a button box to record their responses, and were asked to 

respond as quickly and as accurately as possible. Pressing the left/right button indicated 

that the picture was one that they had seen before, and pressing the right/left button 

indicated that the picture was new. The laterality of responses was counterbalanced 

amongst participants. The two buttons were marked with the words `old' and `new', so 

that participants could check their responses if necessary. The reaction time and accuracy 

of responses were recorded during the stimulus presentation, and the post-stimulus 

response period, giving participants a total of 1.7 seconds to respond. Stimulus 

presentation was independent of the participant's behaviour, such that their speed of 

response to a stimulus did not influence the length of time that elapsed before the next 

fixation cross and stimulus were presented. This ensured there was no reward for 
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responding excessively quickly. The entire testing session lasted approximately 20 

minutes. After testing, participants were debriefed, and thanked for their participation. 

6.2.4. Results and Discussion 

There were no significant differences between mean accuracy or reaction time in 

any of the counterbalancing conditions, and no effects of gender, so data were collapsed 

across these variables (all p<0.05). Furthermore, there were no significant differences in 

reaction time across any of the conditions (presented in Table 6.1). This is not an 

unprecedented result, as Rutherford (2004) also found reaction time to be less sensitive 

than accuracy to environmental context change effects. 

Immediate 
Familiar 
(Same Context) 

Familiar 
(Different Context) 

2-Day Delay 
Familiar Familiar 
(Same Context) (Different Context) 

Hit Rate 0.84 (0.03) 

D' 2.15 (0.25) 

Mean RT 831.1 (97) 

Correct (ms) 

Mean RT 844 (52.6) 

Incorrect (ms) 

0.86 (0.03) 

2.35 (0.26) 

812.8 (97.8) 

838.6 (44.4) 

0.74 (0.04) 0.67 (0.05) 

1.32(0.16) 1.08 (0.16) 

895.6 (62.6) 887.3 (77.5) 

837.1 (60.23) 822.8 (70) 

Table 6.1. The effect of a change of room on recognition memory in adults. 
Proportion of correct responses (Hit Rate), d' (Hit Rate-False Alarm Rate), and Reaction time of correct 
and incorrect responses for groups of adults (n = 12 in each group) tested either immediately, or after a 2- 
day delay. Standard errors are shown in parentheses. 

Figure 6.4 shows the mean accuracy of participants in each condition (also shown 

numerically in Table 6.1). D' was also calculated (as z (Hit Rate) -z (False Alarm 

Rate)), as this measure is considered a valid measure of discrimination between the 

familiar and novel stimuli (Snodgrass & Corwen, 1988). Following Murnane and Phelps 

(1994), data were analysed using a Repeated Measures ANOVA on both hit rates and d'. 

A Repeated-Measures ANOVA on hit rates by Condition (Same Context or Different 
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Context), with Delay (Immediate or 2-Day) as a Between-Subjects factor revealed no 

significant main effect of Condition (F (22)=1.2, n. s. ), but there was a significant main 

effect of Delay (F(1,22) = 7.169, p = 0.014). Thus, performance was poorer when 

participants were tested after a 2-day delay than when tested immediately. 

1 
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V 

0.6 
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ö. 0.4 
2 
CL 0.3 
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0.1 

0 
Immediate (Expt 7) 2-Day delay (Expt 7) 

Retention interval 

i 

  Familiar Same Context 

  Familiar Different Context 

  Novel Stimuli 

2-Day Delay (Exp 8) 

Figure 6.4. The mean accuracy of performance on the Same Context, Different Context and Novel 
stimuli in Experiments 7 and 8. 
Stimulus type was manipulated within-subjects. Retention interval was manipulated between subjects (n = 
12 in each group in Experiment 7, and n= 15 in Experiment 8). 

Crucially, there was a significant interaction between Condition and Delay 

(F(22)=4.47, p=0.046). Follow-up Bonferroni-corrected t-tests confirmed that adults 

performed more poorly in the Different Context condition than in the Same Context 

condition when testing occurred after a 2-day retention interval (t (11) = 2.297, p= 

0.042), but performance was equivalent when the test immediately followed the 

familiarisation session (t (11) = 0.711, n. s. ). It is unlikely that this can be attributed to a 

ceiling effect, as accuracy was around 80% in the Immediate condition. Context effects 
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are sometimes seen when memory retrieval is poor. If this is the case in the present 

study, there should be a correlation between an individual's overall performance, and the 

difference between his or her performance in the Same Context and Different Context 

conditions. However, in the present data this correlation was not significant for either the 

Immediate or 2-Day Delay conditions (p < 0.05). 

The same pattern of results was found when d' scores were analysed with a 

Repeated Measures ANOVA with Delay (bnmediate or 2-Day) as the Between-Subjects 

variable and Condition (Same Context or Different Context) as the Within-Subject 

variable. There was a significant interaction between Delay and Condition (F(22) = 8.22, 

p=0.007), and a significant main effect of Delay (F(22) =17.46, p<0.001). Follow-up 

Bonferroni-corrected t-tests confirmed that participants performed better in the Same 

Context condition than the Different Context condition over a 2-Day delay (t (11) = 2.22, 

p=0.049), but not when tested immediately (t (11) =1.17, n. s). 

Finally, the effect of delay on performance in each condition was analysed with 

two-tailed independent-samples t-tests on d' scores. Although there was no difference in 

d' score between the two delay conditions for the Same Context condition (t (22) = 1.96, 

n. s. ), there was a significant difference in d' scores between the two delay conditions for 

the Different Context condition (t (22) = 3.33, p=0.03). Thus, participants only showed 

significant forgetting across the two-day retention interval in the Different Context 

condition. 
In Experiment 7, a shift from one room to another influenced recognition memory 

for nonverbal stimuli in adult participants when memory was tested over a 2-day delay. 

These findings are congruent with previous research in this area that has utilised verbal 

stimuli with distinctive backgrounds (Bertsch & Sanders, 2005; see Smith & Vela, 2001 

for meta-analysis). The present study confirmed that the chosen procedure would be 

suitable for assessing the effect of a context shift-effect on the FN400 and LPC in 

adulthood, providing memory was measured over a 2-day delay. 
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6.3. Experiment 8: The effect of a context-shift on the LPC and FN400 

The aim of Experiment 8 was to explore the effect of a change of room on 

recollection and familiarity in adulthood, through measuring the LPC and FN400 with 

EEG. To this end, a second group of participants were tested in the same procedure that 

was used during Experiment 7. During the test session, participants' neural activity was 

recorded with an EEG, and the ERP components corresponding to the LPC and FN400 

were analysed. 

One potential drawback to assessing the FN400 after a 2-day retention interval is 

the rapidity with which it decays in some studies (Rugg, 1995; Rugg and Nagy, 1989; 

Van Petten, Kutas, Kluender, Mitchner & Mclsaac, 1991). However, verbal stimuli were 

used in these procedures, and recognition accuracy tended to be relatively poor. In 

contrast, a study that used pictorial stimuli found a robust FN400 over a 24-hour retention 

interval when recognition accuracy was around 77% (Curran & Friedman, 2004). Since 

the present study used pictorial stimuli, and the accuracy level in the 2-day delay 

condition for the Same Context stimuli in Experiment 7 was 74%, the FN400 should be 

sufficiently robust in the present procedure to be detectable over a 2-day delay. 

On the basis of previous research (e. g., Ecker et al., 2007a, b; Tsivilis et al., 2001), 

it is difficult to form a firm prediction as to whether the FN400 and/or LPC should be 

influenced by a change of room. However, behavioural studies indicate that extrinsic 

contextual changes may be more likely to influence recollection than familiarity 

(Macken, 2002). This leads to the tentative prediction that a change of room should have 

a greater influence on the LPC than the FN400 in the present study. 

6.3.1. Participants 

Participants were 31 undergraduate and graduate students at the University of 

Minnesota, MN. Undergraduate students received course credit for participation. All 

were right-handed with normal or corrected-to-normal vision, and participants were asked 

not to volunteer if they had any known neurological conditions (such as epilepsy). Data 

from sixteen participants were excluded (1 due to experimenter error, 4 did not complete 

both sessions, and 11 had fewer than 16 good trials per condition), resulting in a final 

sample size of n=15 (7 male). This 52% rejection rate is comparable with other 
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published studies (e. g., 73%, Curran, 2004; 45%, Curran & Friedman, 2004; 

33%, Woodruff et al., 2006). The final sample ranged in age from 18 to 30 years (M = 

24.5 years, SE =1.1). Informed consent was obtained from each participant in line with 

the University of Minnesota Institutional Review Board guidelines, who provided ethical 

approval for the study. 

6.3.2. Apparatus and stimuli 

Testing was conducted in two rooms in the Psychology Department at the 

University of Minnesota, which served as the two contexts. None of the participants was 

familiar with either of the rooms prior to the study. Room C was a small, dark room with 

plain walls. The participant was seated in an area of the room that was marked on one 

side by a curtain, which divided the testing area from the stimulus presentation area. In 

Room C, the stimuli were presented on a desktop computer. Room D was a larger room 

that was brightly lit by natural light. The walls were painted white, and featured many 

notices and posters. In Room D, the stimuli were presented on a lap-top computer. The 

stimuli were the same as those used for Experiment 7. 

6.3.3. Procedure 

The experiment took place in two parts. In the first part, participants were 

allowed to view the familiarisation stimuli. In the second part, participants were tested 

for their recognition of these stimuli. The familiarisation and test sessions were separated 

by a delay of approximately 2 days (range: 44 to 56 hours, M= 49.0, SE = 1.0). Before 

the familiarisation session, participants were consented to the study, and completed a 

brief questionnaire to ascertain that they met the inclusion criteria for the study. These 

conditions were met by all participants. 

6.3.3.1. The familiarisation session - 
The procedure of the familiarisation session was identical to that employed in 

Experiment 7, except that the two Contexts used were Rooms C and D. Duration of 

viewing was self-directed, and on average participants viewed each familiarisation 

stimulus for 3.4 seconds (SE = 0.67). 
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6.3.3.2. The test session 

The behavioural procedure for the test session was the same as that for 

Experiment 7, except memory was tested in Rooms C or D. Furthermore, in addition to 

the instructions given in Experiment 7, participants in Experiment 8 were instructed to try 

to remain as still as possible during the test session, and to try to refrain from blinking 

when the stimuli were presented (a strategy recommended by Picton et al., 2000). 

6.3.3.3. ERP recording 
During the test session, EEG was recorded continuously from a 128-channel 

Geodesic Sensory Net TM v. 2.0 (Tucker, 1993). The net was connected to an AC-coupled, 

128-channel, high-input impedance amplifier (200M 0, NetAmps TM, Electrical 

Geodesics Inc (EGI), Eugene OR). Gains and amplitude were calibrated before each 

participant was tested. Recording and analysis were carried out on an iMac using 
NetStation v 4.2.1, which interfaced with the E-Prime (v 2.0) presentation software used 

to administer the stimuli and record behavioural responses. 
The size of net used for each test session was chosen according to the 

circumference of the participant's head, and this net was soaked in the electrolyte 

solution specified by the manufacturer (1L distilled water, l lg Potassium Chloride 

crystals and 5mL Johnson's Baby Shampoo) in order to improve connectivity between 

the scalp and the electrode. After soaking for a period of 5 minutes, the net was placed 

on the participant's head. In order to ensure correct placement (Figure 6.5), a small cross 

was made in the centre of the scalp, marking the intersection of the line connecting the 

two ears, and the line connecting the bridge of the nose (the nasion) with the inion on the 

back of the skull. The electrode marked VREF was placed on this cross. Once the net 

was in place, its position was verified by an experienced investigator with reference to a 

standardised diagram. 
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Figure 6.5. The placement of a 128-sensor EGI net on the head. 
Photograph taken from Nunez (2002). 

After the net was in place, electrode impedances were measured, and electrodes 

were manipulated until impedances were less than 50kQ. Lower impedances indicate 

that the signal was of higher quality. Figure 6.6 shows the numbering of electrodes in the 

net. When impedances were satisfactory, the testing session began. During recording, 

amplified analog voltages (0.1-100Hz bandpass, -3dB) were digitized at 250Hz. 

Recordings were referenced online to the vertex electrode (VREF). The onset and offset 

of each stimulus, and the response made by the participant, were recorded by E-Prime 

and flagged on the NetStation recording. 
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Figure 6.6. The layout of electrodes in the 128-sensor EGI net. 
Figure taken from the manufacturer's website (www. egi. com). 
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6.3.3.4. ERP Processing 

Recordings were processed offline using NetStation Waveform Tools. The 

recordings were digitally low-pass filtered at 30Hz, and were segmented into epochs 

starting 100ms before stimulus onset, and terminating 1000ms after stimulus offset. 

Recordings for each trial were baseline-corrected with respect to the IOOms prestimulus 

recording interval. Trials were digitally analysed and manually checked to ascertain 

whether they met any of the exclusion criteria. These included eye movements (increase 

in signal at electrodes 49,39,128,125,121,120 of >70µN), blinking (increase in signal 

at the ocular electrodes (127 and 128) of >80 µV), or more than 13 `bad' channels 

(average amplitude over 200µV, transit amplitude over 100ms, or with impedance > 

50kQ). Trials were also excluded if the participant made an incorrect response. At this 

point, the number of good trials in each condition was totalled. Data from participants 

with fewer than 16 good trials in any one condition were excluded (n=1 1). This criterion 

level has been used many times in published studies (e. g., Curran & Cleary, 2003; 

Donaldson & Rugg, 1999; Graham & Cabeza, 2001; Rugg et al., 1998; Tsivilis et al., 

2001). To equate the number of trials entered into the average for each participant across 

conditions, trials were randomly discarded from conditions with greater numbers of good 

trials (Thomas, Grice, Najm-Briscoe & William Miller, 2004). The average number of 

good trials per condition for each of the included participants was 39.9 (range 27-58). 

This 56% acceptance rate was comparable to others reported in published studies (e. g., 

60%, Curran & Friedman, 2004; 58%; van Hooff, 2005; 47%, Wolk et al., 2006). 

Subsequently, the remaining recordings were averaged within each condition for 

each participant. Individual bad channels were replaced on a trial-by-trial basis with a 

spherical spline algorithm (Srinivisan, Nunex, Silberstein, Tucker & Cadusch, 1996). 

Consistently bad channels for a given subject were replaced throughout that subject's 
database (bad channels per subject ranged from 0-4, M=0.9, median = 0). Finally, 

recordings were re-referenced with respect to an average reference, in order to minimise 

the effect of specific activity at the vertex site (Dien, 1998a). Average references were 

calculated for each channel as the voltage difference between that channel and the 
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average of all channels. A grand average of the waveforms for all fifteen subjects was 

produced, to facilitate the identification of appropriate regions of interest. 

6.3.4. Results 

6.3.4.1. Behavioural data 

Behavioural data were obtained from 26 participants, of which 15 provided EEG 

data that could also be analysed. To assess whether there were any difference in 

performance between participants whose EEG data could be included in the study, and 

those whose data were excluded, mean Hit Rates (for the Same Context and Different 

Context stimuli), and mean False Alarm rates were compared with two-tailed independent 

samples t-tests for participants who did or did not contribute EEG data. There were no 

significant differences on any measure (all p>0.05), confirming that participants who 

contributed EEG data were a representative subset. 

Data from the fifteen participants that contributed EEG data were then analysed in 

the same way as for Experiment 7. There were no significant differences between mean 

accuracy or reaction time in any of the counterbalancing conditions, and no effects of 

gender, so analyses are collapsed across these variables (all p<0.05). Furthermore, as in 

Experiment 7 there were no significant differences in reaction time across any of the 

conditions (presented in Table 6.1), so this variable will not be discussed further. 

Figure 6.4 shows the mean accuracy of participants in each condition. D' was 

also calculated. A two tailed paired-samples t-test compared Hit Rate and d' scores for 

the Same Context and Different Context stimuli. Both measures indicated that 

participants recognised significantly more stimuli in the Same Context than the Different 

Context condition (for Hit Rate: t (14) = 2.12, p=0.05; for d': t (14) = 2.19, p=0.046). 
This indicates that the context shift employed in Experiment 8 had a significant effect on 

memory retrieval. In addition to replicating the 2-Day Delay results of Experiment 7 

across a different context change, the fact that behavioural measures of memory were 

affected by the context change used in Experiment 8 provides a mandate for exploring the 

neural correlates of a context-shift effect with this dataset. 
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To assess whether performance was equivalent in Experiments 7 and 8, hit rates 

for the 2-Day Delay condition of Experiment 7, and for Experiment 8, were entered into a 

Repeated-Measures ANOVA with Condition (Same Context or Different Context) as the 

Within-Subjects factor, and Experiment (1 or 2) as a Between-Subjects factor. This 

revealed a significant main effect of Condition (F (1,25) = 9.922, p=0.004), but no 

significant interaction between Condition and Experiment (F (1,25) = 0.182, n. s. ). There 

was no main effect of the Between-subjects variable, Experiment (F (1,25) = 1.425, n. s. ). 

A similar analysis on d' scores revealed the same results: a main effect of Condition 

(F (1,25) = 4.48, p=0.044), and no other significant effects. This indicates that 

participants performed better on the Same Context stimuli than the Different Context 

stimuli in both Experiments (Figure 6.4), but that scores were not significantly different 

across the two Experiments. The context-shift effects observed in Experiments 7 and 8 

were, therefore, generalisable across different types of room change, and the effect was 

replicable. 

6.3.4.2. EEG data 

In high-density electrode EEG research, components of interest are measured 

within certain time windows (defined relative to stimulus onset), and across certain 

electrode groupings (defined by their numbers that specify the position of the electrode 

within the net and hence on the scalp). These windows and groupings are initially chosen 

with reference to the literature, and refined through examination of the grand average 

waveform produced in the study. This refinement is necessary to ensure that the 

component of interest is included within the time window analysed, and that groupings of 

electrodes include electrodes with similar waveform morphologies. Finally, individual 

average waveforms are examined for each component, to ensure that the groupings and 

windows chosen covered the components of interest for each participant's data. 

Waveforms are averaged across the electrodes included in each grouping, and the 

data are then analysed within the window identified. Notably, in previous studies of 

context-shift effects the mean amplitude of components has been most informative (e. g., 

Curran, 2000; Curran & Cleary, 2003; Curran & Dien, 2003; Ecker et al., 2007a, b; Groh- 

Bordin et al., 2005; Scholerscheidt & Rugg, 2004; Tsivilis et al., 2001), and it is this 
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measurement that was used to analyse the two components in the present data set. Mean 

amplitude data are calculated across the whole time window selected, and are particularly 

important for the analysis of components that do not have a defined peak, but are rather a 

prolonged positive- or negative-going deflection. 

There were two components of interest in the present study: a frontal negativity 

apparent between approximately 300 and 500ms after stimulus onset (FN400), and a 

parietal positivity apparent between approximately 500 and 800ms after stimulus onset 

(LPC). These components were analysed for each trial upon which participants made a 

correct response (e. g., Ecker et al., 2007a, b; Tsivilis et al., 2001). There were too few 

incorrect responses that were not accompanied by significant artifacts in the EEG data to 

conduct a valid analysis for incorrect trials. 

6.3.4.2.1. FN400 

In the present study, the FN400 was measured between 270 and 470ms after 

stimulus onset in order to capture the peak of the component within the analysis window 

(Figure 6.7). 
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Figure 6.7. The morphology of the FN400 component. 
Figure represents an average of signals measured over electrodes 12,13,19,20,21,6,7,11,16,107,10,4,5,119, 

and 113 across trials and participants. 
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The FN400 was analysed over 15 anterior superior electrodes, split into left, 

midline and right groupings (Figure 6.8). The left and right groupings used are 

comparable with previous groupings used to study the FN400, but not identical because 

the waveforms recorded by several lateral electrodes (numbers 25,29,30,124,118,112) 

that have been used in previous studies (e. g., Curran & Cleary, 2003; Curran & Friedman, 

2004) did not display an FN400 component in the present study. Including data from 

these electrodes may have masked any condition differences, and so analyses were 

restricted to a smaller subset of those used in previous studies, plus electrodes 10 and 19, 

which showed a marked FN400 effect. The midline electrodes were chosen following 

Tsivilis et al. (2001), who observed significant effects of a context change on signals 

measured over mid-frontal electrodes. 
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Figure 6.8. The electrode groupings used to measure the FN400 component. 
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The mean amplitude across the selected time window was analysed, in line with 

previous studies of the neural correlates of context-shift effects (Curran, 2000; Curran & 

Cleary, 2003; Curran & Dien, 2003; Ecker et al., 2007a, b; Groh-Bordin et al., 2005; 

Schloerscheidt & Rugg, 2004; Tsivilis et al., 2001; ). The data were analysed with 
Repeated-Measures ANOVAs corrected for non-sphericity using the Huynh-Feldt 

procedure, followed by planned comparisons, with a Bonferroni-correction applied. 
A3 Condition (Same Context, Different Context, or Novel) x3 Region (Left, 

Midline or Right) Repeated Measures ANOVA on mean amplitude revealed a main effect 

of condition (F (2,28) = 5.85, p=0.008); and a significant interaction between condition 

and region (F (4,56) = 3.103, p=0.022). This indicates that differences between 

conditions varied according to scalp location. To investigate this further, planned 

comparisons of simple effects were then conducted. Separate Repeated Measures 

ANOVAs with Condition as a within-subject variable confirmed that the effect of 

condition was only present at midline (F (2,28) = 5.05, p<0.01) and right hemisphere 

leads (F (2,28) = 9.17, p<0.01); there was no significant effect of condition at left 

hemisphere leads (F (2,28) = 2.80, ns). Thus, the memory effects observed in this study 

may have been slightly right-lateralised (Figure 6.9). Interestingly, Curran and Friedman 

(2004) also observed a larger difference in the mean amplitude of the FN400 to old and 

new object pictures over the right hemisphere, indicating that this effect may be slightly 

right-lateralised for nonverbal stimuli. 
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Figure 6.9. The mean amplitude of the FN400 component over left, midline and right electrodes. 
Figure represents the average of signals within three electrode groupings (Left: 12,13,19,20,210; Midline: 
6,7,11,16,107; and Right: 10,4,5,119,113). 'Same' refers to stimuli previously studied in the testing room, 
'Different' refers to familiar stimuli previously studied out of the testing room, and 'Novel' refers to stimuli 
that were not studied during the familiarisation session. Data represents the average from 15 participants. 

To explore which conditions differed from each other, further Repeated Measures 

ANOVAs were conducted. A2 Condition (Different Context x Novel Context) x3 

Region (Left, Midline or Right) ANOVA on mean amplitude revealed that the FN400 

mean amplitude was significantly greater for novel pictures than for familiar pictures 

previously seen in a different room (F (1,14) = 8.843, p=0.01 ), and that there was an 

interaction between the effect of Condition and the effect of Region (F (1,14 = 5.44, p= 

0.035). This was due to a greater difference between the mean amplitude of the Different 

Context and Novel context conditions over the right hemisphere leads than over the left 

hemisphere leads. Thus, the FN400 differentiated between pictures that were novel, and 

familiar pictures that were previously seen in a different context. 

Similarly, a2 Condition (Same Context x Novel Context) x3 Region (Left, 

Midline or Right) ANOVA on mean amplitude revealed that the FN400 mean amplitude 

was significantly greater for novel pictures than for familiar pictures previously seen in 
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the same room (F (1,14) = 12.476, p = 0.01). In this case, there was no significant 
interaction between the effect of Condition and the effect of Region. Thus, the FN400 

differentiated between pictures that were novel, and familiar pictures that had previously 
been seen in the same context. 

However, a2 Condition (Saute Context x Different Context) x3 Region (Left, 

Midline or Right) ANOVA on mean amplitude revealed that the mean amplitude of the 

FN400 did not differ for the two types of familiar picture (F(1,14) = 0.247, n. s. ). Thus, 

the FN400 did not discriminate between familiar pictures that had previously been seen in 

the Same Context, or in a Different Context. 

In summary, the FN400 showed the expected memory effect, with more negative 

mean amplitude to novel stimuli than to familiar stimuli, and this effect was greater over 

right hemisphere electrodes. However, the component did not differentiate between 

stimuli on the basis of the congruence of contextual information between encoding and 

retrieval. 
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6.3.4.2.2. The LPC 

In the present study, the LPC was measured between 500 and 700ms after 

stimulus onset (Figure 6.10), in order to capture the component within the analysis 

window. 
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Figure 6.10. The morphology of the LPC component. 
Figure represents an average of signals measured over electrodes 38,54,53,61,55,62,68,73,79,80,87, and 88 
across trials and participants. 

The LPC was analysed over 12 posterior superior electrodes, split into left, 

midline and right groupings (Figure 6.11). The left and right groupings used are 

comparable with previous groupings used to study the LPC, but not identical because the 

waveforms recorded by several lateral electrodes (numbers 52,43,60,94,93,86) used in 

previous studies (e. g., Curran & Cleary, 2003; Curran & Friedman, 2004) did not display 

an LPC component in the present study. Including data from these electrodes may have 

masked any condition differences, and so analyses were restricted to a smaller subset of 

those used in previous studies. The mean amplitude across the selected time window was 

analysed, in line with previous studies of the neural correlates of context-shift effects 

(Curran, 2000; Curran & Cleary, 2003; Curran & Dien, 2003; Ecker et al., 2007a, b; 

Groh-Bordin et al., 2005; Schloerscheidt & Rugg, 2004; Tsivilis et al., 2001) 
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Figure 6.11. The electrode groupings used to measure the LPC component 

A3 Condition (Same Context, Different Context, or Novel) x3 Region (Left, 

Midline or Right) Repeated Measures ANOVA on mean amplitude revealed a main effect 

of condition (F (2,28) = 3.42, p=0.047). No other effects were significant (p > 0.05). 

This indicates that the LPC differentiated between the three types of picture, but did not 

vary according to scalp location (Figure 6.12). 

To explore which conditions differed from each other, further Repeated Measures 

ANOVAs were conducted. A2 Condition (Same Context x Novel Context) x3 Region 

(Left, Midline or Right) ANOVA on mean amplitude revealed that the LPC mean 

amplitude was significantly greater for novel pictures than for familiar pictures 

previously seen in the same room (F(1,14) =4.792, p=0.046). In this case, there was 

no significant interaction between the effect of Condition and the effect of Region. Thus, 

the LPC differentiated between pictures that were novel, and familiar pictures that had 

previously been seen in the same context. 

190 



3.5 
. -. >3 
... 2.5 
«a 

2 ý 
ý 1.5 

1 

0.5 

0 

m Same Context 

  Different Context 

  Novel Context 

Left Midline Right 

Electrode grouping 

Figure 6.12. The mean amplitude of the LPC component over left, midline and right electrodes. 
Figure represents the average of signals within three electrode groupings (Left: 38,54,53,61; Midline: 
55,62,68,73; and Right: 79,80,87,88). `Same' refers to stimuli previously studied in the testing room, 
'Different' refers to familiar stimuli previously studied out of the testing room, and 'Novel' refers to stimuli 
that were not studied during the familiarisation session. Data represents the average from 15 participants. 

However, a2 Condition (Different Context x Novel Context) x3 Region (Left, 

Midline or Right) ANOVA on mean amplitude revealed that the LPC mean amplitude 

was not significantly greater for novel pictures than for familiar pictures previously seen 

in a different room (F(1,14) = 1.13, n. s. ), and no other effects were significant (all 

p>0.05). Thus, the LPC did not differentiate between novel pictures, and pictures 

previously seen in a different context. 

Finally, a2 Condition (Same Context x Different Context) x3 Region (Left, 

Midline or Right) ANOVA on mean amplitude revealed that there was a trend for the 

mean amplitude of the LPC to differ for the two types of familiar picture (F(1,14 = 3.589, 

p=0.08). Thus, the LPC marginally differed between pictures that had previously been 

seen in the same context, and pictures previously seen in a different context. 

In summary, the LPC showed the expected memory effect, with more negative 

mean amplitude to novel stimuli than to familiar stimuli, and this effect was equivalent 
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across the three electrode groupings. However, this effect was only present for familiar 

pictures that were previously seen in the context of learning. Furthermore, the LPC 

appeared to differentiate between the two types of familiar picture, being marginally 

more positive for familiar pictures previously seen in the same context than familiar 

pictures previously seen in a different context. 

6.3.5. Discussion of Experiment 8 

Experiment 8 explored the behavioural and neural correlates of encoding and 

retrieving a set of pictures in different rooms in the laboratory. Replicating the findings 

of Experiment 7, participants were less accurate at recognizing pictures they had 

previously encountered in a different room that pictures they had encountered in the room 

of testing. As Experiments 7 and 8 were conducted at different Universities, it seems that 

the effect of a change of global context on memory retrieval in the present paradigm was 

robust. 

In the EEG data, both an LPC old/new effect and an FN400 old/new effect were 

observed for familiar stimuli that were learned and tested in the same room. The mean 

reaction time of responses was over 800ms in all conditions, indicating that the FN400 

and LPC (measured between 300 and 500ms, and 500 to 700ms after stimulus onset 

respectively) both reflected pre-response processes, rather than aspects of post-response 

processing. These findings extend the interval over which the FN400 has been detected 

from 1-day (Curran & Friedman, 2004) to 2-days, and provides further evidence to 

contradict the proposal that the FN400 does not reflect a longer-term memory process 
(Rugg, 1995). However, whereas both components showed old/new effects for familiar 

stimuli learned in the room of testing, only the FN400 showed an old/new effect for 

familiar stimuli learned in an alternate room. The LPC did not distinguish between novel 

pictures, and familiar pictures previously seen in a different room. Thus, it appears that a 

change of global context employed in this study had a negative impact on recollective 

memory, but not familiarity. These findings are discussed in more detail in the General 

Discussion. 
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6.4. Experiment 9: The effect of a change of background on the FN400 and LPC 

The aim of Experiment 9 was to explore the effect of a change of background on 

familiarity and recollection in adulthood, through measuring the FN400 and LPC with 

EEG. The change of background used in the present study was a change from a red to a 

blue coloured background, or vice versa. These backgrounds were chosen because they 

are comparable to the brightly coloured, plain or simply patterned backgrounds used in 

studies of context-shift effects in infancy (e. g., Borovksy & Rovee-Collier, 1990; 

Robinson & Pascalis, 2004). As in Experiment 8, accuracy and reaction times provided 

behavioural measures of the context-shift effect. Again, the previous EEG literature 

makes it difficult to make a clear prediction as to the effect of a change of background on 

recollection and familiarity. Thus, on the basis of Macken (2002)'s proposal that 

recollection is more affected by a change of extrinsic context, it was tentatively predicted 

that a change of background colour would influence the LPC but not the FN400 in the 

present study. 

6.4.1. Participants 

Participants were 26 undergraduate students (14 female, 12 male) at the 

University of Sheffield, who received course credit for participation. Participants ranged 

in age from 18 to 27 years, (mean = 20.5, SE = 0.28). All were right-handed with normal 

or corrected-to-normal vision, and participants were asked not to volunteer if they had 

any known neurological conditions (such as epilepsy). Data from eight participants were 

excluded because only one of the two experimental sessions was attended, leaving a final 

sample size of 18 (12 female). The contextual manipulation was varied within-subjects, 

such that within each retention interval condition, each participant was tested for 

recognition of stimuli previously experienced in the context of testing (Sallie Context 

condition), and stimuli previously experienced in an alternate context (Different Context 

condition). All participants had normal or corrected-to-normal vision. The study was 

approved by the Department of Psychology ethics committee. 
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6.4.2. Apparatus and stimuli 

Testing was conducted in the Psychology Department at the University of 

Sheffield. The stimuli were the same used for Experiments 7 and 8. Stimuli were 

presented on a desktop computer using E-prime (v 2.0) software (Psychology Software 

Tools, Inc). 

The stimuli were presented on one of two coloured backgrounds (either red or 

blue), which served as the contexts (see Figure 6.13 for examples). During the 

familiarisation session, 72 stimuli were presented on the red background, and 72 stimuli 

were presented on the blue background, with the stimuli lists seen in on each background 

and the order of viewing counterbalanced between participants. Stimuli presented on the 

same background were grouped together, to render the procedure as similar as possible to 

that used in Experiments 7 and 8. During the test session, the 144 familiarisation stimuli 

and the 144 foil stimuli were presented in a randomised order. All stimuli were presented 

on one of the learning backgrounds (either red or blue), with the background chosen 

counterbalanced between participants. As in Experiments 7 and 8, a 5-minute break was 

inserted half-way through the test session, and a buffer stimulus was inserted at the start 

of each half of the test session. Responses to these two buffer stimuli, which were of the 

same nature as the test stimuli, were not analysed. 

Z 

Figure 6.13. Examples of stimuli used in Experiment 9. 
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6.4.3. Procedure 

For participants in all conditions, the experiment took place in two parts. In the 

first part, participants were allowed to view the familiarisation stimuli. In the second 

part, participants were tested for their recognition of these stimuli. The familiarisation 

and test sessions were separated by a delay of approximately 2 days (range = 42 to 52 

hours, M= 47.3, SE = 0.46s). In both sessions, participants were seated 1 in away from 

the screen, which was 34 cm by 22 cm. 

6.4.3.1. The familiarisation session 

Half the participants viewed a set of 72 stimuli on Background A, before viewing 

a second set of 72 stimuli on Background B. The remaining participants experienced the 

contexts in the reverse order. Participants were told that their memory for these stimuli 

would subsequently be tested, so they should view each one carefully. Participants were 

allowed to view each stimulus for as long as they wished (M = 3.0 s, SE = 0.3s). The 

familiarisation session lasted approximately 20 minutes. 

6.4.3.2. The test session 

Half the participants were tested with stimuli presented on Background A, and 
half the participants were tested with stimuli presented on Background B. Thus, half the 
familiar stimuli had previously been experienced in the testing context (Same Context 

condition), and half had been experienced in the alternate context (Different Context 

condition). The procedure of the testing session was identical to that employed in 

Experiment 8, for both behavioural and EEG recording. 

6.4.3.3. EEG processing 

This was conducted in the same way as for Experiment 8. However, it became 

apparent that most participants performed too poorly to contribute sufficient trials to the 

EEG analysis. Only three out of the 18 participants had more than 16 analyzable trials in 

each of the three conditions, a number that is insufficient for credible analysis. Many 

participants produced few correct responses, and remaining trials were contaminated with 
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artifacts such as blinks or movements. Since the drop-out rate was so high, it was 

considered that testing more participants would result in an unrepresentative final sample. 

Thus, only the behavioural results are presented in the Results section. Possible reasons 

for the poor performance seen are considered in the discussion. 

6.4.4. Results 

Behavioural data were obtained from 18 participants. There were no significant 

differences between mean accuracy or reaction time in any of the counterbalancing 

conditions, and no effects of gender, so analyses are collapsed across these variables (all 

p>0.05). Furthermore, as in Experiment 7 there were no significant differences in 

reaction time across any of the conditions (presented in Table 6.1), so this variable will 

not be discussed further. 

Figure 6.4 shows the mean accuracy of participants in each condition. D' was also 

calculated. A paired-samples t-test compared Hit Rate and d' scores for the Same 

Context and Different Context stimuli. Both measures indicated that participants 

recognised significantly more stimuli in the Same Context than the Different Context 

condition (for Hit Rate: t(17) = 4.23, p=0.001; ford': t(17) = 3.2, p = 0.005). This 

indicates that the stimuli were more accurately remembered when they were presented on 

the same background during the learning and testing sessions. 

In order to establish whether there were any differences between global and local 

extrinsic context in the present study, the behavioural results of Experiment 7 (2-Day 

Delay condition) and Experiment 9 were compared. Experiment 7 was chosen as the 

comparison condition because the study was run in the same University Department as 
Experiment 9, and with the same equipment. The only difference was that participants 

wore an EEG cap during the test session of Experiment 9, but not for Experiment 7. 

However, the fact that there were no significant differences in performance between 

Experiments 7 and 8 suggests that the presence of the EEG cap does not drive significant 
differences in accuracy. 

A Repeated-Measures ANOVA on hit rates by Condition (Same Context or 

Different Context), with Context (Room or Background) as a Between-Subjects factor 

revealed a significant main effect of Condition (F (1,28)=19.78, p <0.001), but no 
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significant interaction between Condition and Context (F(1,28) =0.59, n. s. ). There was 

also a main effect of the Between-subjects variable, Context (F(1,28) = 5.55, p=0.026). 

A similar analysis on d' scores revealed the same results: a main effect of Condition 

(F(1,31) = 6.67, p=0.015; and a main effect of Context (F(1,31) = 8.0 1, p=0.008). 

Examination of the marginal means (Figure 6.14) reveals that participants performed 

better on the Same Context stimuli than the Different Context stimuli in both conditions, 

and performed better overall in Experiment 7 than Experiment 9. 
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Figure 6.14. Comparison of performance in Experiments 7 (Room Change) and 9 (Background 
Change). 
Participants performed better in Experiment 7 (2-Day Delay condition) than in Experiment 9 (p<0.05), and 
correctly recognised fewer stimuli when learning and testing sessions occurred in different contexts 
(p<0.05). 'Background' and 'Room' refer to the type of context changed between the familiarisation and 
test sessions of each study. n= 12 in the Room Change condition, and n= 18 in the Background Change 
condition. 'Same' refers to stimuli previously studied in the testing room, 'Different' refers to familiar 
stimuli previously studied out of the testing room, and 'Novel' refers to stimuli that were not studied during 
the familiarisation session. 

However, a two-tailed independent samples t-test revealed that accuracy at 

identifying the novel stimuli (correct rejection rate) was not significantly different for the 

two Experiments (t (28) = 0.191, n. s. ). Furthermore, there were no significant differences 

in reaction times for correct or incorrect stimuli in the two Experiments (p>0.05). Thus, 

participants were less accurate at correctly accepting familiar stimuli in Experiment 9, but 

were no less accurate at correctly rejecting novel stimuli. 
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6.4.5. Discussion of Experiment 9 

Participants correctly recognised familiar stimuli in Experiment 9 more accurately 

when they were presented on the same background at encoding and retrieval. Thus, 

memory retrieval for young adults is influenced by a change of background, even when 

large numbers of stimuli are presented on the same, plain background, and participants 

are not given instructions to integrate stimulus and background (e. g., Ecker et al., 2007a; 

Tsivilis et al., 2001). The magnitude of the context-shift effect associated with a change 

of background (local extrinsic context) in Experiment 9 was equivalent to the magnitude 

of the context-shift effect observed with a change of room (global extrinsic context) in 

Experiment 7. In contrast, Dalton (1993) and Russo et al. (1999) found that local and 

global contextual stimuli had different influences on recognition memory. However, this 

was only the case for familiar stimuli (familiar words, or pictures that had been viewed 

previously); for unfamiliar stimuli, both local and global context changes impacted on 

retrieval. Although the stimuli used in the present study were pictures of common objects 

from familiar categories, the exact exemplars used were presumably unfamiliar to 

participants. The use of unfamiliar stimuli could explain why memory was equally 

context-sensitive to a change of global and local context in the present study. 

Although the magnitude of the context-shift effect was equivalent in Experiments 

7 and 9, overall performance was not. Accuracy of identifying the familiar stimuli (hit 

rate) was poorer in Experiment 9 than Experiment 7. Indeed, the low number of hits 

prevented the analysis of the EEG data collected. This difference in performance was 

unlikely to result from differences in motivation during the test session, as the mean 

number of correct rejections of novel stimuli was not significantly different in the two 

Experiments. Furthermore, the performance difference was unlikely to result from 

participants adopting different criterions in the two studies, as d' scores (a measure of 

recognition sensitivity, indicating discrimination between the familiar and novel pictures) 

also differed between Experiments 7 and 9. Finally, participants did not respond at 

significantly different speeds in the two Experiments, suggesting that participants in 

Experiment 9 did not perform less accurately because of a speed-accuracy trade-off. 
Rather, it appears that memory for the familiar stimuli was poorer in Experiment 9. 
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The difference in hit rates between Experiments 7 and 9 is surprising in the light 

of the fact that the experimental designs were highly similar. The stimuli and general 

procedures were identical, and the age range and educational background of participants 

were very similar (all being undergraduates or postgraduates at University). Finally, 

participants viewed the familiarisation stimuli for approximately the same mean duration 

in these experiments (3.4 and 3.0 seconds respectively), suggesting that familiarisation 

time cannot account for the differences in performance. Accuracy differences between 

Experiments 7 and 9 may have been driven by the fact that in Experiment 9 the stimuli 

were presented on brightly coloured backgrounds (Figure 6.13), whereas in Experiment 7 

they were presented on black backgrounds (Figure 6.3). The brightly coloured 
backgrounds may have distracted participants, meaning that a greater proportion of the 

familiarisation period was spent attending to the background of the stimulus. (Ecker et 

al., 2007a). This may have reduced the strength of memory for the familiar stimulus, 

resulting in poorer overall performance in the test session. Changes in the pattern of 

attention to objects and their backgrounds depending on the characteristics of the 

background used are an important topic for future research. 
If greater attention to the background in Experiment Sled to poorer overall 

performance, why were context-shift effects no different in Experiments 8 and 9? The 

`one-shot context-storage hypothesis' (Malmberg & Shiffrin, 2005) proposes that on each 

presentation of a target stimulus, contextual information is only processed and encoded 
for a limited amount of time (around 1 second). After this point, context-shift effects will 

not increase with increased viewing of the target or its context. Thus, in Experiment 9, 

increased viewing to the context might not have increased contextual storage over that 

seen in Experiment 7, but may still have decreased the strength of the representation of 

the target item. Thus, it is possible that the provision of a distinctive background may 
impair recognition memory for human adults in some circumstances. 

The neural correlates of a background colour change were not pursued further in 

the present study for two reasons. First, the change of room used in Experiment 8 was 
directly relevant to the findings presented in Chapter 3, and the neural correlates of a 

change of room have not been previously explored. Although a change of background 

colour has not been explored, other studies have explored the influence of a change of 
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background scene (e. g., Ecker et al., 2007; Piatt et al., unpublished; Tsivilis et al., 2001). 

Second, changing the procedure used in Experiment 9 in order to improve performance, 

for example by giving participants longer to learn the stimuli, would have meant that 

those results could not have been directly compared with the findings of Experiment 8. 

Thus, the neural correlates of a change of background colour remain a topic for further 

research. 

6.5. General Discussion 

6.5.1. The influence of a context-shift on recognition accuracy 

Adults were significantly more accurate in recognizing object stimuli when the 

objects had been previously been learned in the testing room than in an alternate room 

(Experiments 7 and 8). Comparable findings were obtained when the contextual 

manipulation was a change from one colour of background to another (Experiment 9). 

Importantly, adult participants were not instructed to pay attention to the room of learning 

or the background upon which stimuli were presented. This made conditions in the 

present study more similar to those used to explore context-shift effects in infancy than 

are adult studies in which participants have been instructed to integrate the target times 

with their contexts (e. g., Ecker et al., 2007b; Tsivilis et al., 2001). Furthermore, the 

background colours used in Experiment 9 of the present study were a subset of those used 

in previous infancy research (e. g., Robinson & Pascalis, 2004), and the rooms used in 

Experiment 7 were highly similar to those used to explore the influence of a change of 

room on recognition memory in infancy in Experiments 1 and 2. These results indicate 

that human adults are influenced by the same types of contextual change that influence 

memory in infancy when the two groups are tested in age-appropriate tasks. 

6.5.2. The neural correlates of a change of room 
In Experiment 8, the LPC, but not the FN400, was sensitive to a room change. In 

the majority of studies, the LPC has been associated with recollection-based recognition 

memory, and the FN400 has been associated with familiarity-based recognition memory 
(reviewed by Rugg & Curran, 2007), and the weight of evidence in favour of this 
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distinction was considered in the Introduction. Thus, the present results may indicate that 

recollective-based recognition memory is more sensitive to a change of room than 

familiarity-based recognition memory. However, it is important to briefly evaluate 

alternative interpretations. 

6.5.3. The LPC and FN400 are unlikely to represent memory 'strength' 

Many dual-process models propose that a recognition memory decision tends to 

be based on either recollection or familiarity (e. g., Yonelinas, 1994). However, a recent 

dual-process model of recognition memory challenged the proposal that recollection and 

familiarity produce independent contributions to recognition memory, instead proposing 

that recollection and familiarity sum to produce an overall level of activation upon which 

a recognition decision is based (reviewed by Wixted, 2007). Wixted's model, in common 

with more traditional single-process models, would assume that the FN400 and LPC 

reflect different activation strengths of the same general signal (Rugg & Curran, 2007). 

Because ERPs are identified through averaging a large number of trials, it may be that the 

FN400 and LPC come from different groups of trials on which participants remembered 

more or less well. Thus, it could be argued that the LPC was selectively affected by a 

context-shift because it reflected memory retrieval that differed in strength from that 

reflected by the FN400. However, in the present study there was no correlation between 

recognition memory accuracy and the magnitude of a context-shift effect, suggesting that 

a relationship between memory strength and the effect of a context-shift was not 

apparent. 

6.5.4. Face recognition studies have identified different neural correlates of familiarity 

and recollection 
Although the majority of studies that have used verbal stimuli, nameable objects, 

or abstract pictures as stimuli have associated the FN400 and LPC with familiarity and 

recollection, two studies with face stimuli have linked different patterns of neural activity 
to these two processes (Yovel & Paller, 2004; Mackenzie & Donaldson, 2006). If faces 

do not elicit the classic neural responses to familiarity and recollection, the comparability 

of the present study to Experiments 1 and 2 (which used faces as stimuli) is called into 
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question. However, Curran and Hancock (2007) used face stimuli and did identify the 

classic FN400/LPC pattern. Thus, it is possible that specific aspects of the procedures 

used by Yovel and Paller (2004) and Mackenzie and Donaldson (2006) created the 

unusual waveforms obtained. One candidate may be the low discriminability of the faces 

used in these studies. This may reduce the degree to which familiarity can distinguish 

between target items and distracters, thus altering the neural signals generated (Curran & 

Hancock, 2007). Thus, the FN400 and LPC can be detected with a wide range of stimuli, 

although procedural variation might affect their expression in certain cases. 

6.5.5. The FN400 is unlikely to reflect conceptual priming 

In the present study, the stimuli were pictures of common objects, many of which 

may have activated `concepts' when viewed by participants. When the same stimuli were 

viewed during the test session, these concepts would once again have been activated. 

Conceptual priming refers to the case in which this subsequent activation is facilitated for 

the familiar stimuli. Conceptual priming would-presumably not occur for the novel 

stimuli, whose concepts have not previously been activated in the study. Some authors 
have argued that conceptual priming could explain the old/new sensitivity of the FN400 

effect (e. g., Voss & Paller, 2006; Yovel & Paller, 2004). However, the view that the 

FN400 reflects conceptual priming has been robustly challenged by a number of authors 
(e. g., Curran & Hancock, 2007; Curran, Tanaka & Weiskoff, 2002; Groh-Bordin et al., 
2006). One piece of evidence contradicting the conceptual priming hypothesis is the 

observation that the FN400 old/new effect occurs for stimuli unlikely to have conceptual 

representations, like novel dimensional shapes (Curran et al., 2002; Groh-Bordin et al., 
2006). Thus, it appears unlikely that the FN400 reflects conceptual priming alone. 

In summary, there is strong evidence that the FN400 and LPC reflect familiarity 

and recollection respectively, with alternative proposals attracting less support. Thus, the 

present study provides evidence that a change of global extrinsic context (the room in 

which participants were tested) influences the neural correlates of recollection, but not 
familiarity. 
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6.5.6. The influence of a change of distal context on recollection, but not familiarity 

The present data accords with the proposal that `environmental' context-shift 

effects might be greater for recollection than for familiarity (e. g., Mandler, 1980; 

Macken, 2002). Indeed, this proposal is a particularly attractive one, because it accords 

with natural experiences of recollection and familiarity, such as the `Butcher on the Bus' 

phenomenon (Mandler, 1980). Most have had the experience of meeting someone who 

appears familiar, but whose identity is not immediately retrievable. This experience 

tends to occur when the person is seen somewhere he is not typically encountered - for 

example, when the Butcher is seen on the bus. Mandler (1980) argued that recollection is 

impaired by meeting someone out of context, whilst familiarity remains intact, explaining 

why recognition memory measures may sometimes be unaffected by a context change. 
In the present study, a change of room influenced the neural correlates of recollection, but 

not familiarity, providing evidence in support of this proposal. However, EEG measures 

are only one of a number of procedures that can be used to distinguish recollection and 

familiarity (reviewed by Yonelinas, 2002). In order to strengthen this conclusion it 

would be necessary to explore the effects of a change of room on recollection and 

familiarity when the two processes are dissociated in other ways, such as the 

remember/know procedure (Tulving, 1985), or the process-dissociation procedure 

(Jacoby, 1991). 

6.5.7. Different types of context may have different influences on the neural correlates of 

recognition memory 

In the present study, a change of global extrinsic context influenced the neural 

correlates of recollection but not familiarity. Ecker et al (2007b) found that a change of 
intrinsic context (the colour of the stimulus) affected the neural correlates of familiarity 

but not recollection, whereas a change of local extrinsic context (the background of the 

stimulus) affected the neural correlates of both recollection and familiarity. Thus, it 

appears that moving from intrinsic, to local extrinsic, to global extrinsic context co- 

occurs with a shift in the locus of the context-shift effect from being mainly familiarity- 

based, to being mainly recollective-based. 
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What could account for this shift? Intrinsic contextual information, such as the 

colour of a target item, may be integrated into memory with the representation of the 

target item itself (Ecker et al., 2007b). The intrinsic contextual information would then 

add to the general familiarity signal when it is congruent between encoding and retrieval. 
When the intrinsic contextual information is incongruent between encoding and retrieval, 

the familiarity signal is reduced, thus creating a context-shift effect on the FN400. 

Local extrinsic context (such as a change of background) may be incorporated into 

representations of the target items and thus affect the familiarity signal, and/or be 

associated with target items, influencing memory retrieval through recollection (e. g., 

Ecker et al., 2007b; Piatt et al., unpublished). Notably, when items are clearly separated 

from their backgrounds, the familiarity signal is less influenced by a background change 

than when items are not clearly separated from their backgrounds (Ecker et al., 2007a). 

This may reflect the fact that the background is more likely to be integrated with the 

target item, and thus modulate the familiarity signal, when it is less easily separated from 

the item itself. 

Global extrinsic contextual information, such as the room of testing, is 

presumably less likely to be integrated into the representation of each target item because 

it is more separated in time (being present before, during and after the item presentation) 

and space (being diffuse and non-specifically associated with the item). This could 

explain why a change of global extrinsic context had no effect on the neural correlates of 
familiarity in the present study (see Macken, 2002 for a similar argument). Contextual 

information may have instead been linked to target information through an associative 

mechanism, where item and context are linked in memory, but are also maintained as 

separable representations (e. g., Jaeger et al., 2006). With associative representations, a 

context change reduces the number of retrieval cues for each item, reducing the 

recollective signal, as was seen in the present study. 

6.5.8. Implications for infant nzenioiy 

One aim of the present study was to provide data that could be used to shed light 

on mechanisms of context-shift effects in infant memory. The present data provide 

evidence that a change of room influences recollection-based recognition memory in 

204 



adulthood. Thus, the influence of a change of room on recognition memory in 6- to 18- 

month-old infants in Chapter 3 may have been mediated by recollective-based 

recognition memory. Indeed, it has been argued that the particular recognition task used 

in that Chapter (the VPC) loads heavily on recollective-based recognition (Pascalis et al., 

2004). The decreasing effect of a change of room between the ages of 6- and 12-months 

in Chapter 3 may thus indicate age-related improvements in recollective memory. This 

proposal is supported by the observation that similar age-related changes in the effect of a 

change of global context on memory retrieval are seen in the deferred imitation paradigm 

(Hayne et al., 2000). Deferred imitation may require recollection because perceptually 

absent information must be retrieved. Both deferred imitation and the VPC may thus 

show context-shift effects in infancy because they both rely heavily on recollective 

memory. However, it is important to recognise that infants may not use the same 

memory processes as adults when faced with the same task. Developing a method to 

directly examine the influence of a contextual change on recollection and familiarity in 

infancy would be valuable. 

6.5.9. Identifying similar infant components 
In the future, EEG measurements may provide one way to examine recollection 

and familiarity in development. Identifying components that may be infant analogues of 

the FN400 and LPC may be one step towards this goal, although it is unlikely that they 

would appear in their adult form in an infant EEG trace. Changes in the size and 

composition of the brain and skull, myelination (which increases the speed of 

processing), changes in neural connectivity, neural migration and differentiation, 

proliferation and pruning, and changes in cognitive processes driven by maturation and 

learning, may all alter ERP components over development (reviewed by Nelson & Monk, 

2001). Nonetheless, it is important to explore correspondences (if they exist) between 

infant and adult components, because this would provide a means to investigate the 

development of neural processing over a wider age range (e. g., Nelson, Thomas, de Haan 

& Wewerka, 1998; Wewerka & Luciana, 1999). 

Two memory-related components have so far been identified in EEG studies with 
infants. The first, often called the Nc, is a frontocentral negative deflection between 400 
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and 800ms after stimulus onset (e. g., Bauer, Wiebe, Carver, Waters & Nelson, 2003; 

Carver et al., 2000; de Haan & Nelson, 1997). The magnitude of the Nc may be 

modulated by memory for the evoking stimulus (Bauer et al., 2003; Carver et al., 2000). 

The second memory component that has been explored is the Positive Slow Wave 

(PSW). This is a positive-going deflection observed over central or fronto-central leads, 

which is observed from around 1100ms after stimulus onset (e. g., Nelson, 1994). The 

component may be evoked by stimuli that the infant has only partially encoded, and some 

authors have argued that the PSW reflects memory updating (for discussion see de Haan 

& Nelson, 1997). Exploring the relationship between the Nc and the PSW in infancy, 

and the adult FN400 and LPC, may provide a starting point for studying the role of 

recollection and familiarity in infancy. Future examinations of the role of memory 

processes like recollection and familiarity in underlying context-shift effects in infancy 

may provide greater insight into early memory development. 
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Chapter 7: Conclusions 

The present series of studies explored contextual influences on memory retrieval, 

and their development. Experiments 1 to 4 revealed more about the effect of a change of 

social or physical context on recall and recognition memory in infancy; Experiments 5 

and 6 added to our understanding of the factors that control generalisation across an 
intrinsic context change; and Experiments 7 to 9 provided insight into the processes that 

mediate contextual influences on memory retrieval, using a procedure that could be easily 

adapted for use with an infant population. Issues arising from these studies, their 

limitations, and suggested avenues for future research are presented in this Chapter. 

7.1. Infants remember a wide range of contextual features 

The first aim of the present thesis was to further specify the role of social and 

physical context in memory in infancy. By the logic of the encoding specificity principle 
(Tulving & Thompson, 1973), if performance on a memory task is poorer after a context 

change, the participant must have distinguished the retrieval context from their memory 

of the learning context. Exploring context-shift effects in infancy can thus reveal the 

range of contextual details infants encode in memory. In previous research, 6- to 12- 

month-old infants could distinguish between two highly familiar contexts (rooms in the 

home; Hartshorn et al., , 1998b), could determine whether a social or physical context was 

novel or familiar (Hayne et al., 2000; Learmonth et al., 2005), and could learn and 

remember very simple contextual features (such as the colour of the background of a 

stimulus) when tested in a familiar (Borovsky & Rovee-Collier, 1990) or an unfamiliar 

environment (Robinson & Pascalis, 2004). Extending these results, Experiments 1 and 2 

found that 6- to 18-month-old infants encoded sufficient contextual features of a novel 

room during a one-minute familiarisation period to distinguish it from a second novel 

room. Furthermore, Experiments 3 and 4 found that 6 and 9-month-old infants 

represented and remembered relatively detailed social contextual information, such that 

they distinguished between two equally familiar young, female experimenters. These 

findings indicate that at 6-months, infants are already able to rapidly encode and 

207 



remember relatively detailed information about the social and physical context. of an 

event. 

The present studies also provide evidence that the same types of contextual 

change influence memory in both infancy and adulthood. In Experiments 7 to 9, 

recognition memory in adulthood was significantly influenced by a context change over a 

2-day delay, when context was defined as either the colour of the background upon which 

stimuli were presented, or the room in which the experiment was conducted. These two 

types of context change also influence recognition memory in infancy (Robinson & 

Pascalis, 2004; Experiments 3 and 4), albeit over shorter retention intervals and with 

fewer learned stimuli. Furthermore, a change of experimenter has a large impact on 

recall and recognition memory in adulthood (Smith & Vela, 2001) and in infancy 

(Chapter 4). Taken together, these studies suggest that the same kinds of contextual 

information influence memory retrieval across the lifespan, undermining the proposal that 

there is a qualitative change from context-free to context-rich memory during the infancy 

period (e. g., Nadel et al., 1985; Nadel & Zola-Morgan, 1984; see also Schacter & 

Moscovitch, 1984). 

7.3. Factors that influence generalisation in infancy 

The ability to retrieve memory across contextual changes is commonly termed 

`generalisation'. Early in infancy, generalisation appears very limited: contextual 

changes do not simply decrease memory performance, as they do for adults, but appear to 

preclude memory retrieval altogether (reviewed by Rovee-Collier, 2001; Rovee-Collier et 

al., 2001). Therefore, generalisation is a skill that infants must develop. The sentiment 

that "when stimulus generalisation occurs, it can be viewed as simply the failure of the 

subject to have established a discrimination between the original stimulus and the new 

one" (Reber, 1995) is inappropriate when considering generalisation in infancy. For 

example, in Experiment 5,12-month-old infants produced fewer target actions after a 

change in the form of a stimulus, but they still produced more target actions than infants 

who had never seen the actions demonstrated. This indicates that infants both 

discriminated the training stimulus from the original stimulus, and partially generalised 

across the change. In Experiment 2,12- and 18-month-old infants recognised a stimulus 
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across a change of room, but exhibited a different pattern of behaviour than when they 

were tested in the room of learning. In Experiment 4,9-month-old infants recognised a 

stimulus across a change of social context, but showed a different preference direction 

than when tested in the social context in which learning took place. In both experiments, 

infants discriminated between the learning context and an altered test context, but also 

generalised across this change. During the first and second years of life, generalisation 

does not necessarily result from forgetting of contextual information. 

As contextual forgetting is not the sole determinant of generalisation, the second 

aim of the present thesis was to identify other driving factors. Experiment 6 provided 

evidence that for 12-month-old infants, generalisation across a change in intrinsic context 

can be facilitated by the provision of a unique location for learning and retrieval. This 

facilitatory effect was robust across a number of variations in the encoding procedure 

(Experiment 5). Similarly, an opportunity to link the learning and test sessions through 

associating the demonstration and test experimenters in the room of learning facilitated 

generalisation for 6-month-old infants (Experiment 3c). The provision of retrieval cues 

through associative memory may thus be a particularly important determinant of 

generalisation in infancy. Indeed, memory for associations between physical stimuli to 

be important in generalisätion in 6-month-old infants (e. g., Barr et al., 2001,2002,2003; 

Cuevas et al., 2007), and the present work suggest this may extend to other domains 

(such as social information) and other age groups (such as 12-month-old infants). As 

infants build an integrated knowledge of the world around them, their ability to generalise 

across a contextual change is likely to progressively improve. 

7.3. Contextual influences on memory retrieval in different paradigms 
The present studies provided further evidence that there are broad improvements 

in generalisation across the first year of life (Hartshorn et al., 1998b; Hayne et al., 2000; 

Robinson & Pascalis, 2004). The precise developmental patterns observed in the present 

study were strengthened by their consistency across recall (deferred imitation) and 

recognition (VPC) memory measures. For example, in Experiments 3 and 4a change of 

social context appeared to preclude both recall and recognition memory for 6-month-old 

infants, but neither recall nor recognition for 9-month-old infants. Although the recall 
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and recognition procedures used in Experiments 3 and 4 were highly similar, congruency 
in the effects of a context change on recall and recognition memory can also be identified 

when comparing across studies that have utilised very different procedures. For example, 
in Experiments 1 and 2a change of global physical context (room in the lab) appeared to 

preclude recognition memory for 6- month-old infants, but not for 12-month-old infants. 

Similarly, Hayne et al (2000) found that a change of global physical context (from home 

to lab) precluded recall memory for 6- but not 12-month-old infants. Converging 

evidence from different paradigms reduces the plausibility of task-specific explanations 
for context-shift effects in infancy. Importantly, recall the lack of correlation between 

scores on deferred imitation and VPC tasks (Gross et al., 2004), even when the 

procedures used are virtually identical (Experiment 4). This indicates that congruency in 

the influence of a context change on the VPC and deferred imitation procedures is 

unlikely to be related to a third variable that links performance on the two tasks. Rather, 

there appear to be broad changes in the influence of context on memory retrieval during 

the first year of life. 

The timescale over which these changes occur does not appear to be uniform 

across different types of context. For example, in the VPC a change of the colour of the 
background upon which a stimulus is presented precludes recognition memory for 12- but 

not 18-month-old infants (Robinson & Pascalis, 2004), whereas a change of room 

precludes recognition for 9- but not 12-month-old infants (Experiments 1 and 2). 

Furthermore, a change of experimenter preclude recall memory in a deferred imitation 

task for 6- but not 9-month-old infants (Experiment 3), whereas a change of intrinsic 

context continues to have a strong influence in the same procedure at the age of 12- 

months (Experiment 5; Hayne et al., 2000). These disparities indicate that in infancy, as 
in adulthood (Section 1.9.3), contextual influences on memory retrieval depend on the 
details included in the definition of `context'. The pattern of attention paid to contextual 
details may play some role in the age at which infants begin to generalise across 

particular contextual changes. For example, details of the stimulus may be more salient 
than extrinsic contextual details (Experiment 6; Hayne et al., 2000) because infants spend 

more time looking at the stimulus than the surrounding context (Figure 4.8). Enhanced 

attention to the stimulus and its immediate surroundings may explain why a coloured 
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background exerts a particularly constraining influence on memory in the VPC task 

(Robinson & Pascalis, 2004). Examining patterns of attention during the learning and 

testing sessions of different procedures may reveal more about the relationship between 

contextual encoding and subsequent contextual influences on retrieval. 
Alternatively, the timing of exposure to the contextual information in relation to 

the exposure of the target information may be important (Dalton, 1993). For example, in 

the procedures used in this thesis, infants first encountered the experimenter, then the 

room of testing, and details of the stimulus were simultaneously presented with the target 

information. This is the inverse of the order in which infants learn to generalise across 

these contextual changes. Infants may habituate to contextual features that are first 

presented some time before the target information, and may thus be less likely to form an 

association between the two. It has long been known that younger infants habituate more 

slowly than older infants (e. g., Fantz, 1964), and may thus be more likely to associate a 

wider range of contextual features to the target information. Exploring the relationship 

between the timing of exposure to contextual information and the magnitude of context- 

shift effects may shed light on this possibility. 

7.4. What causes developmental change? 
The third aim of the present thesis was to explore the processes that might 

underlie developmental changes in contextual influences on memory retrieval in infancy. 

Although age-related changes in patterns of attention to contextual features may play a 

role in developmental changes in generalisation, they cannot account for the full range of 
data. For example, in Experiment 4 memory retrieval in 9-month-old infants was less 

affected by a social context change than in 6-month-Old infants, despite the fact that both 

age groups looked at the experimenter for the same amount of time (in both relative and 

absolute terms) during the learning and test sessions. In this section, three theories that 

provide alternative explanations for age-related increases in generalisation are briefly 

considered in the light of the data obtained in the present thesis. 
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7.4.1. Are 6-month-old infants `Map Makers'? 

Rovee-Collier and colleagues have proposed that 6-month-old infants are 

particularly sensitive to contextual changes because they are constructing a representation 

of the environment that they can utilise when they begin to crawl: they are `map-makers' 

(Rovee-Collier, 1996; Hartshorn et al., 1998b). `Map-maker' theory proposes that a 

sharpened memory for the last location in which a stimulus was encountered enables 

infants who have just begun to crawl to locate that stimulus more readily. Through 

crawling or other forms of independent locomotion (which tend to emerge between 6- 

and 10-months), infants construct a cognitive map of the environment that enables them 

to relate familiar locations together (Benson & Uzgiris, 1995; Yan, Thomas & Downing, 

1998). When this occurs, "the memories of events that transpired in those places also 

become associated with each other" (Rovee-Collier, 1996, p 393). Rovee-Collier (1996) 

proposes that this leads to increased generalisation in infants of 9-months and older, as is 

seen in the train task when infants are trained and tested in different rooms at home 

(Hartshorn et al., 1998b). In line with this proposal, infants who are crawling are more 

likely to show generalisation than infants who are not (Herbert, Gross & Hayne, 2006). 

Although the functional perspective espoused by the idea of `map-makers' is 

undoubtedly valuable, the range of data it can account for is relatively limited. For 

example, in Experiments 1 and 2a change of room in the lab precluded memory retrieval 
for 6- and 9-month-old infants, but not 12- or 18-month-old infants. This does not accord 

with a general reduction in contextual sensitivity between 6- and 9-months. However, 9- 

month-old infants may not have generalised their knowledge from one room to another in 

Chapter 3 because they were tested in a novel environment, for which they had no 

opportunity to construct a cognitive map. If this were the case, ̀map-maker' theory fails 

to provide an account of why 12- and 18-month-old infants were able to do so. Finally, 

`map-maker' theory does not clearly generalise to the concurrent changes seen in the 

influence of social context on memory retrieval (Experiments 3 and 4). Thus, ̀ map- 

maker' theory does not provide a comprehensive account of the development of 

generalisation in infancy, although the fact that measures of motor development were not 

taken in the present studies must be taken into consideration. 
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7.4.2. Representational flexibility 

A number of authors have proposed that age-related increases in generalisation 

represent increases in `representational flexibility' (e. g., de Haan et al., 2006; Hayne, 

2004; Richmond & Nelson, 2007; Robinson & Pascalis, 2004). This has been attributed 

to the development of the hippocampus (De Haan et al., 2006), or more specifically the 

dentate gyrus (Richmond & Nelson, 2007). Could this account for the present results? In 

order for generalisation in infancy to be ascribed to representational flexibility, it is 

important to demonstrate that the contextual attributes in question have been encoded and 

remembered, as was seen in Experiments 1,2 and 4. Secondly, it is important to 

demonstrate that the tasks used to assess memory rely on hippocampally-dependent 

memory processes. Although this presently cannot be directly determined, there is 

indirect evidence that the VPC and deferred imitation tasks used in Experiments 1 to 6 

rely on hippocampal functioning (reviewed in Sections 2.2.3 and 2.3.3). Methodological 

advances that enable the investigation of neural processes in the developing brain (such 

as Near Infra-Red Spectroscopy, or NIRS) may enable these links to be tested directly in 

the near future. 

For generalisation to be conclusively linked to representational flexibility, the 

contextual change in question must have predominantly influenced memory through the 

incorporation of contextual information into relational representations. This may be 

particularly difficult to demonstrate. However, dual-process models have been linked to 

relational memory theory (RMT), with recollection being most closely associated with 

relational memory representations (e. g., Eichenbaum et al., 1994). For example, both 

recollection and relational memory are thought to be critically dependent on the 

hippocampus (reviewed by Diana et al., 2007; Eichenbaum et al., 2007; Yonelinas, 

2002). Experiment 8 provided evidence that the influence of a change of room on 

recognition memory in adulthood is likely to be mediated through recollective-based, 

rather than familiarity-based, recognition memory processes. Other behavioural evidence 

also suggests that changes in `environmental' context affect recollection but not 
familiarity (Macken, 2002). Thus, a change of room may have a selective effect on 

relational memory in adulthood. If a change of room also has a selective influence on 

recollective memory in infancy (a possibility that remains to be tested directly), age- 

213 



related decreases in the effect of a change of room on memory retrieval (e. g., 

Experiments 1 and 2) may be related to changes in aspects of relational representations, 

such as representational flexibility. However, this proposition has yet to be tested 

directly, and no evidence is available concerning the inclusion of other types of context in 

fused or relational representations. Furthermore research is clearly required before any 

firm conclusions can be drawn. 

7.4.3. The development of the frontal cortex 
Conjunctive memory theory (CMT) provides an alternative explanation for age- 

related increases in generalisation. Under CMT, sparse representations in the dentate 

gyrus and CA3 lead to the separation of different episodes in memory. Generalisation 

occurs either when two episodes are very similar, in which case pattern completion in the 

hippocampus can retrieve memory of one from the other, or through the interaction 

between the hippocampus and the frontal cortex (see Section 1.6.2). In infancy, the 

dentate gyros is immature (Seress, 2001). For example, cells do not appear adult-like 

until 12-15-months, and the number of synapses does not begin to increase until 8- to 12- 

months. Thus, it is plausible that the dentate gyrus (part of the hippocampus) produces 

even sparser representations in early infancy than it does in adulthood. This would make 

pattern completion less likely, rendering generalisation more dependent on the frontal 

cortex, which also has a relatively slow developmental trajectory (reviewed by Diamond, 

2002). Thus, increases in generalisation across infancy could be related to improvements 

in the function and connectivity of the frontal cortex, and reductions in the sparseness of 

representations in the dentate gyrus. The advantage of CMT is that it has been 

computationally implemented (Atallah et al., 2004; Norman & O'Reilly, 2003). It would 
be particularly interesting to alter the parameters of the model to match what is known 

about the developing brain, and examine how the output of the model changes as areas 

such as the dentate gyrus develop. This may not only provide insight into infant memory 
development, but also provide a novel test of the predictions of CMT. 
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7.5 Limitations 

Although cross-sectional studies like those in the present thesis can provide 

valuable information about the average performance of infants at particularly ages, unlike 

longitudinal studies they do not provide information about the developmental trajectories 

of individual infants. Longitudinal studies may provide stronger evidence concerning the 

order in which infants become able to generalise across different types of context. 

Longitudinal studies would also enable contextual influences on memory to be more 

closely referenced to developmental milestones, which is important because 

generalisation has been linked to the onset of crawling (Herbert et al., 2007) and the 

development of self-awareness (Prudhomme, 2005). Furthermore, the present studies did 

not explore the effect of individual differences on group scores. This means that the 

influence of variables such as motor and cognitive development, parental socio-economic 

status, the existence of older siblings, or whether the infant attends a nursery were not 

assessed. Any of these factors may influence the trajectory of memory development, and 

further studies may provide insight into factors that affect patterns of development in 

individual infants. For example, it may be particularly interesting to explore the 

development of contextual influences on memory retrieval in infants from different 

cultures, in the light of research showing cultural differences in the magnitude of context- 

shift effects with adults (reviewed by Nisbett, 2003). 

The present explorations all involved stimuli that were novel to the infant. Using 

novel stimuli enables levels of stimulus exposure to be standardised, and reveals the 

contextual constraints on memory retrieval when infants learn about a stimulus for the 

first time. However, it is important to recognise that this may not provide a balanced 

reflection of the degree to which contextual information constrains memory retrieval in 

the infant's natural environment. For adults, context exerts fewer constraints on the 

retrieval of familiar stimuli (e. g., Dalton, 1993; Russo et al., 1999). Infants may be more 

adept at generalising across contextual changes when remembering stimuli that they have 

encountered on several previous occasions. Furthermore, the present studies were all 

conducted in a laboratory environment. Again, this allowed the features and familiarity 

of the learning context to be standardised within and between age groups, and reveals the 

contextual constraints on memory retrieval when infants learn something in an unfamiliar 

215 



setting. However, the applicability of the present results to infants learning at home is 

unclear. Directly comparing the role of context in memory when infants are tested with 

novel and familiar stimuli, or in novel and familiar environments, may be important in 

determining how research in the laboratory is related to infants learning in their home 

environment. 

The present studies explored memory over short retention intervals, in order to 

avoid confounding age-related changes in contextual influences on memory with age- 

related changes in retention duration. However, it is clear that context plays a different 

role in memory retrieval when memory is tested over different retention intervals (see 

Section 1.9.1 for review). Furthermore, the manner in which contextual influences 

change over time has been a matter of some debate (e. g., Bouton et al., 1999; Riccio et 

al., 1999). Clarifying the manner in which the influence of a context change alters over 

time for infants of different ages, with different context changes and in different 

procedures may broaden our understanding of contextual influences on memory retrieval 

in infancy. 

7.6. Avenues for future research 
Focusing on the mechanisms of change is the next step for research on contextual 

memory development. One promising avenue may be the examination of the neural 

correlates of recollective- and familiarity-based recognition memory (Chapter 6). This 

may enable the, processes underlying the influence of a context change on memory 

retrieval to be mapped in more detail in the infancy period. Other brain imaging methods 
(such as Near Infra-Red Spectroscopy) are becoming increasingly available, and could be 

used to examine the structures that are involved in context memory in infancy. An 

alternative way to examine the processes underlying contextual influences on memory in 

infancy is to examine the variables that facilitate generalisation. Establishing how the 
factors controlling generalisation change over development may provide further insight 

into the mechanisms through which contextual information exerts control over memory 

retrieval. 

The present studies explored the ability to encode and retrieve memories in 

different contexts. However, actively utilising contextual information to differentiate 
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between episodes is also an important skill. For example, rats are able to use contextual 
information to predict which of two stimuli predicts reward (e. g., Good & Honey, 1991), 

and human adults can use contextual information to predict the location of a target 

stimulus (reviewed by Chun, 2000). There are developmental changes across human 

infancy in the ability to use local landmarks to predict the location of a salient event, such 

as an experimenter playing peek-a-boo (Acredolo & Evans, 1980; Lew, Bremner & 

Lefkovitch, 2000). However, little is known about whether infants can use contextual 
information outside the realm of spatial memory, and how this develops over the first 

years of life. Testing whether infants can utilise associations between objects and their 

contexts may reveal more about contextual memory in infancy. Furthermore, this may 

enable contextual memory in infancy to be related to the development of source memory 

(memory for the context in which an item was original presented) in childhood (e. g., 

Drummey & Newcombe, 2002; Sluzenski, Newcombe & Kovacs, 2006). 

Finally, almost all studies of memory in infancy have involved relatively 

unfamiliar experimenters testing the infants. However, the majority of learning in 

infancy occurs in the presence of highly familiar individuals, such as family members or 

nursery staff. This may be a particularly important consideration when learning occurs 

through social interaction, such as in the deferred imitation procedure. Exploring how 

memory is influenced by the nature and behaviour of the infant's learning partner is 

particularly important for understanding the generalisability of our present knowledge of 

infant memory. Furthermore, it may shed light on how individual differences in the 

infant's social and physical environment impact on their later cognitive and social 

progress. 
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7.7. Conclusion 

Exploring contextual influences on memory retrieval reveals the extent to which 

infants can use their previous experiences to shape future behaviour. The present data, in 

combination with other published work, shows there are broad contextual constraints on 

memory retrieval at 6-months that extend across the physical and social domains, and to 

both recall and recognition memory. However, these constrains progressively loosen 

over the first year of life, such that by 12-months infants are able to retrieve their 

memories in different locations, with different people, and with nonidentical toys, 

although the latter ability remains limited. Studying contextual memory in infancy can 

also provide a theoretical perspective on infant memory development. Simple theories 

that propose a shift from `context-free' to `context-rich' memory are inconsistent with the 

developmental data presented here and elsewhere. Alternative theories are promising, 

such as the proposal that representational flexibility increases over development, but they 

require more scrutiny. Using electrophysiological methods such as EEG to study the 

processes underlying memory retrieval may provide neurocognitive insights into the 

mechanisms of developmental change in contextual memory in the infancy period. 
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